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Foreword 

The  Handbook  of  Indiaoa  Geology  is,  in  a  large  measure,  the  result  of  a 

co  oporativo  plan  which  had  its  inception  shoitly  after  the  e<taMishment  of 
the  Department  of  Consei-vation  of  Indiana.  The  plan  constitute}:  an  agree- 
ment whereby  the  imitructional  utaff  of  the  Department  of  Geology,  of  Indiana 
University  conHucts  the  firlfl  anH  laboratory  investigations  for  the  Depai-tmi  nt 
of  Conservation,  thus  obviatinK  the  nece«(sity  for  large  »4ilary  expenditures. 
In  this  manner  our  slender  geological  funds  may  be  used  to  defray  other 
expenses  incurred  in  the  investitration  of  the  mineral  i-esources  of  Indiana. 
This  plan  of  oo-operation  under  which  not  even  the  State  Geologist's  salary 
is  paid  by  the  Division,  provides  the  Department  of  Conservatiott  •  corps  of 
trained  workers  in  all  the  various  phases  of  geological  work,  phases  having 
a  cultural,  educational,  economic  and  scientiAc  bearing.  Evidence  of  the 
success  of  the  co-operative  plan  is  to  be  found  in  the  present  volume. 

There  is  a  Latin  proverb  to  the  effect  that  nothing  worth  while  is  accom- 
plished witliout  jrreat  effort.  It  is  well  exemplified  in  this  treatise.  Some  of 
the  preiimtnury  investigations  necessary  for  the  results  embodied  in  this 
volume  have  been  carried  on  by  the  collaborators  for  more  than  a  score  of 
vears.  During  the  past  two  years  their  efforts  have  been  concentrated  toward 
the  completion  of  the  work.  Each  spare  moment  has  been  employed  without 
expectation  of  monetary  reward.  Thus  we  have  here  garnered  the  fruits  of 
years  of  labor  at  an  pxpense  to  the  State  of  what  amounts  virtually  to  the 
cost  of  printing  the  volume.  Sales  from  two  of  the  chapters  which  were 
printed  in  advance  will  assist  materially  in  defraying  the  expenses  of  printing 
the  complete  work. 

To  Dr.  W.  N.  Logan,  State  Geologist,  and  Professor  of  Economic  Geology 
fa  InAana  University,  who  is  keenly  aliva  at  all  times  to  the  deveUqunent  cdf 
Indiana's  mineral  resources,  is  due  in  a  large  measure,  credit  for  the  sne- 
eessful  completion  of  this  volume. 

The  Handbook  of  Indiana  Geology  has  been  prepare<l  by  the  members 
of  the  technical  force  of  the  Division  of  Geoloi?y  with  the  hope  that  it  will 
prove  helpful  to  those  who  are  interested  in  a  scientiAc  or  commercial  way 
in  the  geography,  physiography,  hydrolofn^,  stratigraphy  and  economic  geology 
of  Indiana.  In  its  preparation  the  proper  division  of  labor  has  been  main- 
tained in  that  each  subject  is  presented  by  that  member  whose  previous  in- 
vestigations and  interests  have  been  mostly  directed  along  the  line  which  he 
discusses.  The  preparation  of  the  Handbook  was  undertaken  in  response  to  a 
rather  insistent  demand  for  a  comprehensive  discussion  of  the  ^^eoloKy  and 
mineral  resources  of  Indiana.  However,  in  this  volume  no  attempt  has  been 
nUMle  to  say  the  final  word  on  the  geology  of  Indiana.  To  make  such  an  at-* 
tempt  would  be  to  deny  the  possibility  of  any  future  proj^ress  of  the  science  of 
ge<dogy.  On  the  other  hand  the  object  of  th^  publication  is  rather  to  record 
the  progress  of  the  sdenee  of  gecdogy  as  applied  to  Indiana  in  so  far  as  the 
limitations  of  time  and  funds  will  permit. 

Many  interesting  and  complex  problems  still  face  the  student  of  geology 
in  Indiana  and  mudi  Infotmatton  which  will  aid  fai  the  solution  of  these 
problems  is  bein)?  acquired  daily.  As  the  student  of  Indiana  geoIog>'  reads 
within  the  pages  of  this  volume  the  history  of  past  accomplishments  let 
him  turn  his  eyes  hopefully  toward  the  future  which  holds  opportunities  for 
greater  achievements.  To  the  encouragement  of  these  students  the  present 
volume  is  dedicated.  niril.AKD  LIEBER. 

Director,  The  Department  of  Conservation. 
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LOCATION. 


Indiana  ia  located  at  the  center  of  the  eastern  half  of  the  United  States. 

The  parallel  of  latitude  passiriff  through  the  center  of  the  United  States,  which 
is  in  north-central  Kansas,  also  passes  through  Indianapolis,  near  the  center 
of  Indiana.  The  north-south  Hne  Useetin?  the  eastern  half  of  the  United 
States  passes  just  cast  of  Indianapolis.  The  enstcrn  half  of  the  I'nited  States 
is  far  more  important  in  most  respects  than  is  the  western  half  because  it  ' 
receives  more  rainfall,  has  mere  valuable  natural  resources  and  is  otherwise 

favored.  Most  of  the  people  of  the  United  States  live  in  the  eastern  half  of 
the  country;  the  crop  production  is  vastly  greater  than  that  of  the  western 
half;  nearly  all  of  the  country^  mannfaeturing  is  done  in  the  eastern  half, 
most  of  it  in  the  northeast  quarter.  Hence  it  is  not  surprising  that  the 
"center  of  population"  of  the  United  States  should  be  near  the  center  of  the 
eaatero  half.  It  has  been  in  Indiana  since  1880.  Since  1900  it  has  been  a 
short  distance  south  of  Indianapolis,  near  Columbus  in  1900,  in  Bloomington 
in  1910  and  exactly  ten  miles  due  west  of  Bloomington  in  1920.  The  "median 
point"  of  the  population  of  the  United  States  is  a  short  distance  northeast  of 
Indianapolis,  in  Randolph  County.  The  term  "center  of  population"  as  used 
by  the  Census  Bureau  is  the  point  to  which  all  the  people  of  the  United 
States  could  come  with  the  least  possible  travel,  if  they  could  travel  in  a 
straight  line.  The  median  point  is  the  point  in  respect  to  which  as  many 
people  live  east  as  live  west,  and  as  many  live  north  as  live  south.  The 
center  of  the  urban  population  of  the  United  .States  is  a  few  miles  east  of 
Indiana,  northeast  of  Indianapolis.  The  center  of  the  l  ural  population  is  in 
Illinois  only  a  few  miles  northwest  of  Evansville,  Indiana.  The  center  of 
the  foreign-bom  population  is  near  the  northeastern  comer  of  Indiana, 
just  acroas  the  line  in  Ohio.  Thus  Indiana  is  at  the  center  of  the  natioii  in 
several  important  respects,  and  Tndianapolis,  with  its  i-xcellent  railway  facili- 
ties, is  logically  the  great  convention  city  which  it  is  coming  to  be. 

Indiana  in  the  "heart"  of  the  more  important  half  of  the  United  States 
is  one  of  the  rich  states  of  the  Union,  and  the  borderinjj  states  all  rank  hiph. 
To  the  east  is  Ohio,  the  fourth  state  in  population;  on  the  west  is  Illinois,  the 
third  state  in  population;  to  the  north  is  Michigan,  the  eighth  state  in  popula- 
tion; to  the  .south  is  Kentucky,  the  fourteenth  state  in  population.  Indiana, 
the  smallest  of  the  group  and  possessing  no  city  as  large  as  the  largest  in 
the  neig^iboring  states  (except  Kentuclcy)  ranks  ninth  in  populatim.  In 
density  of  population  pt-r  .square  mile,  Indiana  ranks  next  to  Illinois  among 
the  states  of  the  Union.    (81.3  per  square  mile  in  1920.) 

Indiana  is  favored  by  being  not  far  from  several  great  industrial  centers. 
The  northwestern  corner  of  the  state  is  indeed  a  part  of  Greater  Chicago 
(8nd  dty  of  the  U.  S.  in  1920)  and  is  increasing  rapidly  in  population  with 
tlw  growth  of  that  remarkable  city.  Louisville  (29th  city)  is  just  across  the 
Ohio  River  from  Indiana.    Cincinnati  (Ifith  city)  is  not  much  farther  away. 


Detroit  (4th  dty  in  1920)  and  Toledo  (26th  city)  are  nearer  the  northeastern  >^ 
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comer  of  the  state  than  is  the  centrally  located  Indianapolis,  and  Cleveland 
(5th  city)  is  about  as  near  as  Indianapolis.  St.  Louis  (6th  city)  is  nearer 
the  southwestern  corner  of  the  state  than  is  Indianapolis.  The  presence  of 
these  strong  rivals,  five  of  them  much  larger  than  Indianapolis  (21st  city), 
has  hindered  the  prrowth  of  large  cities  in  Indiana  because  they  ser\'e  parts 
of  Indiana.  No  Indiana  city  serves  as  the  metropolis  of  any  appreciable  paK 
of  another  state. 

Because  of  the  location  of  Indiana  in  rcsporf  tn  the  rest  of  the  nation  it 
is  crossed  by  many  of  the  more  important  railroad  lines.  Ita  extent  from 
tlie  south  end  of  Lake  Michigan  southward  to  the  Ohio  River,  beyond  the 
latitude  in  which  there  are  frrrat  industrial  cities,  means  that  it  is  crossed 
by  all  great  lines  between  the  more  western  and  the  more  eastern  parts  of 
the  nation.  Important  north-south  lines  also  jums  through  the  state  between 
rhirruTo  or  more  eastern  points  and  the  south.  Many  of  the  lines  mipht  have 
crosiied  the  northern  part  of  the  state  to  Chicago  without  benefiting  the  state 
very  much  if  the  state  legislature  during  the  years  of  rapid  railroad  exten- 
sion westward,  just  before  the  Civil  War,  had  not  declined  to  grant  a  charter 
of  right  of  way  acrosa  Indiana  except  to  companies  which  agreed  to  construct 
at  least  a  spur  of  their  line  to  Indianapolis,  the  State  Capital.  One  result 
of  this  policy  was  that  Indianapolis  soon  became  well  supplied  with  railways. 

Not  only  is  Indiana  at  present  fortunately  located  in  respect  to  trade 
routes  but  even  before  tfie  building  of  railroads  her  location  was  fortunate. 
The  Ohio  River,  a  great  highway  in  pre-railroad  days,  forms  much  of  the 
southern  and  southeastern  boundary.  The  southern  part  of  the  state  was 
settled  chiefly  by  frontiersmen  who  came  west  along  the  Ohio.  The  Wabash 
River  furnished  an  outlet  to  the  Ohio  and  Mississippi  for  many  ttf  the  com- 
modities shipped  out  of  the  .<^)uthwestern  part  of  the  state  in  early  years. 
For  example,  in  1831,  fifty-five  steamers  ascended  this  river  to  get  farm 
produce  and  several  hundred  flat  boats  descended  it.  Still  earlier,  during  the 
period  of  exploration,  the  eighteenth  centurj',  many  explorers  were  enabled 
to  easily  enter  what  is  now  Indiana  by  passing  southward  from  the  Great 
Lakes  to  one  of  the  nearby  tributaries  of  the  Mississippi  River.  From  Lake 
Michigan  the  St.  Joseph  was  ascended  to  the  present  site  of  South  Bend  where 
a  short  portage  was  made  to  the  Kankakee  River.  F'roni  Lake  Erie,  the 
Maumee  River  was  ascended  to  the  present  site  of  Fort  Wayne  where  a 
short  portage  was  made  to  the  Wabash  River.  The  imjwrtance  of  the  great 
rivers  as  highways  was  formerly  so  great  that  for  decades  nearly  all  im- 
portant towns  w«%  on  navigable  streams.  The  oldest  continuovR  settlement 
in  Indiana  was  made  at  Vincennes,  on  the  Wabash,  in  1727.  Before  the  rail- 
road era  commenced,  in  the  decade  beginning  in  1850,  it  was  not  generally 
foreseen  that  many  areas  remote  from  navigable  streams  would  soon  have  a 
far  better  highway  and  outlet  than  even  the  Ohio  River  furnished.  As  an 
illustration  of  this,  when  the  commission  delegated  in  1820  to  select  a  site 
near  the  center  of  the  state  on  which  to  locate  the  State  Capital  made  the  sdec- 

tion.  the  present  site  of  Indianapdlis  was  chosen  hecau.>c  these  CommiS8i<mers 
considered  that  the  West  Fork  of  White  River  was  navigable  to  that  point. 
No  one  now  thinks  of  Indianapolis  as  being  on  a  navigable  stream.  The  devel- 
opment  of  railways  has  made  unnecessary  the  use  of  such  a  poor  waterway. 

Although  Lake  Michigan  forms  nearly  one-fourth  of  Indiana'a  northern 
boundary,  it  was  a  highway  of  subordinate  local  importance  fai  the  days  of 
active  settlement  of  tiie  state.  A  broad  and  complex  belt  of  sand  dunes  and 
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la^oon-likc  marshes  border  the  lake  in  Indiana.  Inland  from  this  belt  there 
are  wide  marshes  along  the  Kankakee  and  a  rugged  glacial  moraine  farther 
east.  These  phyrical  features  diseoaraged  settlers  from  entering  Indiana 
from  Lake  Michigan.  Home-seekers  who  might  othcrwi.^f  have  entered  In- 
diana via  Lake  Michigan  went  on  to  Chicago,  and  westward  from  there; 
instead  of  settlinfr  in  Indiana.  Lake  Michigan  has,  however,  furnished  an 
importajit  outlet  by  bo;it  for  Michijjan  City  on  the  one  good  natural  harbor  in 
Indiana.  The  recent  vast  development  at  Gary  is  rdated  closely  to  its  splendid 
artiflcial  haxhor  and  to  its  lake  commerce;. 


CHAPTia  IL 
AREA. 

Indiana  contains  !ir>,04ri  square  miles  of  land  area  besides  280  square 
miles  of  rivers  and  small  lakes  and  230  square  miles  of  Lake  Michigan. 
Indiana  is  the  thirty-seventh  state  in  size.  Ten  of  the  eleven  states  smaller 
than  Indiana  were  numbered  amonK  the  original  thirteen  states.  The  other 
smaller  state.  West  Virginia,  is  only  one-fifth  smaller  than  Indiana. 

Indiana  is  a  small  state  as  compared  with  its  ndghhors.  Illinois,  Michi- 
gan, and  Iowa  are  each  about  fifty  per  cent,  larger  than  Indiana.  Ohio  and 
Kentucky  are  each  about  eleven  per  cent  larger,  and  Missouri  is  nearly 
twice  as  large  as  Indiana. 

The  comparatively  small  area  of  Indiana  often  masks  the  richness  of 
this  state,  when  comparison  between  states  is  made.  The  area  of  Indiana 
is  about  a.s  rich  an  area  as  any  of  like  size  in  the  nation.  Many  states  snr* 
pass  Indiana  in  the  .'Statistics  of  production,  etc.,  but  after  alloiwance  has 
been  made  for  Indiana's  smaller  area,  it  is  seen  that  Indiana  really  ranks 
with  the  leaders. 

Though  thirty-seventh  in  size,  Indiana  ranks  eleventh  in  population.  In 
spite  of  ranking  sixteenth  in  proportion  of  urban  population  to  rural  popu- 
lation it  ranks  about  tenth  in  density  (81. H  persons  per  square  mile).  This 
is  heeauae,  although  sUf^tly  more  than  one-half  of  the  people  live  in  cities, 
(50.6%),  many  other  states,  with  larper  cities,  have  a  larper  proportion  liv- 
ing in  cities  of  over  2,500.  Indiana,  however,  is  nearly  uveruKc  m  regard 
to  proportion  of  rural  and  urban  population.  The  United  States  as  a  whole 
had  TAA"'  of  its  population  livinp  in  cities  in  1020.  Thouph  often  surpassed 
by  five  states  in  the  ai-ea  planted  to  com,  Indiana  ranks  with  Illinois  and 
Iowa  as  a  com  state,  when  total  area  is  considered.  Indeed  in  average  yield 
of  rnrn  per  square  mile.  Indiana  surpasses  those  states  and  the  other  three, 
Missouri,  Nebraska  and  Kansas,  which  often  have  more  acres  planted  to  com 
than  Indiana  has.  In  wheat  production,  Indiana  ranks  eighth  among  the 
states  when  area  is  ignored.  However,  in  propoi-tion  to  total  area,  Indiana 
tisually  ranks  third,  being  exceeded  only  by  North  Dakota  and  Kansas  in  the 
average  yield  of  ^eat  per  square  mUe  of  total  area.  In  oats  production, 
Indiana  ranks  fourth,  when  area  is  considered,  though  seventh  when  area 
is  ignored. 

Industrially,  Indiana  i»  seen  to  rank  much  higher  when  her  compara- 

lively  small  area  la  consideied  than  when  comparative  area  is  ignored.  For 
ocample,  though  Indiana  ranked  eighth  among  the  states  in  1909  in  the  value 
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added  by  manufacture  and  ninth  in  total  value  of  manufactured  pi-oducts, 
when  its  Bmaller  area  is  eonridend,  Indiana  is  sent  to  clearly  surpass  its 
nearest  r'wiiU,  Michifran  and  Wisconsin,  likewise,  though  Indiana  was  the 
eighth  state  (1909)  in  the  value  of  products  of  flour  mills  and  grist  mills, 
Indiana  is  enough  smaller  than  the  seven  states  which  ranked  higher  than 
it  so  as  to  surpass  all  but  the  leadinp  state  (Minnesota)  in  value  per  square 
mile  of  area.  As  a  canning  state,  Indiana  takes  fourth  place,  instead  of 
sixth,  when  siae  is  considered. 

One  of  the  interesting  conflations  between  area  and  a  point  in  which 
Indiana  is  often  compared  unfavorably  with  her  neighboring  states  is  in 
respect  to  the  attendance  at  her  state  university.  The  attendance  at  the 
universities  of  some  of  the  neighboring  states  is  far  prcater  tban  at  Indiana 
University.  It  should  be  recalled,  liowever,  that  the  state  university  and  the 
schools  of  afrricttlture  and  mechanical  arts  are  combined  in  several  of  tiie 
nearby  states.  When  the  combined  attendance  at  Indiana  rnivcrsity  and 
at  Purdue  University  are  compared  with  corresponding  figures  for  Illinois, 
Ohio,  Wisconsin,  Minnesota,  Missouri,  etc.,  it  will  be  seen  that  the  attendance 
at  the  state  universities  of  Indiana  is  little  if  any  less  per  square  mile  of 
area  or  per  million  of  population  than  is  the  attendance  in  these  other  states. 
This  is  in  spite  of  the  presence,  just  beyond  the  borders  of  Indiana,  of  strong 
rival  universities,  more  conveniently  located  for  a  oonsideraUe  niUttber  of 
Indiana  citizens  than  are  Indiana's  universities 


The  topography  and  natural  resources  of  Indiana  are  considered  at 
length  in  following  chapters.    Here,  only  a  few  facts  need  be  mentioned. 

Most  of  the  state  is  distinctly  smooth  and  no  considerable  part  of  it  is 
really  rugged.  AH  was  glaciated  except  about  six  thousand  square  miles  in 
the  southwestern  part  of  the  state.  (See  Plate  III.)  The  ungladated  part 
is  moderately  rugged  as  are  also  some  small  morainic  areas  in  the  northeast- 
em  part  of  the  state.  All  but  a  very  small  fraction  of  the  state  is  smooth 
enough  so  that  it  can  be  tilled.  Indiaaa  ranks  tbird  amon;;  the  states  in 
the  proportion  of  improved  land,  being  surpassed  by  only  Iowa  and  Illinois. 
Host  of  the  state  possesses  a  deep  subsoil  covered  by  a  fertile  soil.  The  hills 
in  the  unglaciated  section  form  the  chief  exception  to  this  statement. 

The  chief  hindrance  to  successful  cultivation  was  originally  the  poor 
natural  drainage  characteristic  of  wide  areas  in  the  glaciated  part  of  the 
state.  Many  millions  of  acres  needed  to  be  artiftdaOy  drained  before  they 
were  available  for  high  grade  farming.  The  amount  of  draining  already 
completed  in  Indiana  is  enormous  and  every  year  hundreds  of  miles  of  addi- 
tional lines  of  drain-tiling  are  laid.  Relativdy  few  farms  esntaln  no  tiling. 
Haay  of  the  best  farms  of  today  are  in  what  not  many  decades  ago  was 
eoosldered  almost  valueless  swamp.  Indeed  many  of  the  pioneer  settlers  lo- 
cated fheir  homesteads  on  lands  whldi  are  now  much  less  valuable  fhan  lands 
which  were  long  unoccupied.  They  could  not  anticipate  future  inventions 
and  developments  nor  did  they  realize  the  abiding  worth  of  the  nearly  level 
areas  of  deep  ami.  For  example,  many  of  the  pioneers  who  homesteaded  in 
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the  unglaciated  part  of  the  state  were  quite  sure  they  bad  picked  the  betit 
land  in  fh*  state.  It  was  wdl  drained,  relatividy  free  from  the  trovMesome 
mosquito  and  the  dreaded  npMo  (Malaria)  and  it  possessed  abundant  cramo, 
fine  woods,  numerous  streams,  an  attractive  variety  of  forage  for  their  stock, 
and  bea«tlfiil  seeneiy.  TimTct  from  place  to  place  fay  the  mode  of 

those  days,  horseback  or  w  ith  oxen,  was  less  hindered  by  the  ruppedness  than 
was  travel  in  the  ghiciated  part  by  lakes  and  swamps.  Not  until  the  coming 
of  railroads,  which  made  poesiUe  the  ^ipment  of  holky  farm  products,  could 
ftutninpT  surpass  stock-raisinR:  in  importance.  The  rouphor  and  more  varied 
land  was  better  adapted  originally  for  stock-raising  than  were  the  "black 
swamps'*  and  marshes  of  tiie  lony  largely  negieeted  northern  half  of  the 
state.  The  devdopment  of  labor^aving  farm  machinery  aided  farming  more 


Fix.  1.  AHMMd  viihutim  per  avenee  ■wwrt  mBe  bgr  caostics.  Vtitaca  are  proporUoMl 
to  anu  of  elrelei  from  MM,MO  in  Lake  Conntr.  to  1cm  tHhn  IICOM  in  mow  of  the  poor 
eanatiw  in  the  unidaciatcd  Bcction.  Marlon  County  hax  ruch  a  larur  valuation,  bccouao  of 
Indlanapoll*.  that  the  circle  In  only  ootllned.    It  waa  (1.74^,000  per  Mjuare  mile  in  IMO. 

I'll.-.        Wiii<U'  and  timix  r  himi  i><-r  coHBty.    DaHcMt  ahadlnft  rcprcMNls  76.IIOt>lM.INW 

acrt-0.  white  reprenentu  1 1 .ono.:;o,riOii  arn-s. 

in  the  smoother  part  of  the  state  than  in  the  rougher,  because  fields  must 
be  small  in  rough  areas.  The  development  of  the  art  and  science  of  tiling 
benefited  the  glaciated  region  greatly.  After  proper  tiling,  many  formerly 
worthless  areas  became  far  better  farm  land  than  the  i-ougher  land  with  its 
thinner,  less  fertile  soil.  The  heavy  rainfalls,  frequent  in  Indiana,  produce 
enough  runoff  so  that  the  soil  on  even  fairly  gentle  slopes  is  eroded  and 
carried  away,  if  loosened.  Many  of  the  lon(c-cu1tivatod  steeper  slope."*  of 
Southern  Indiana  have  lost  so  much  of  their  soil  as  tu  have  become  dis- 
tinctly  infertile.   The  average  value  of  farm  land  per  acre  in  the  non- 
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glucinted  part  of  the  state  is  only  a  small  fraction  of  that  in  the  northern 
half  of  the  state.  (See  Firs.  1  and  4.)  In  1980,  with  most  land  in  vhc 
north  sellinR  for  more  than  three  hunfirt'd  flolhiis  ppr  :>crc,  tons  of  thousand.^ 
of  acres  in  the  hills  and  ridges  in  the  unglaciatcd  part  could  be  bought  for 
less  than  one-twentiath  as  much.  Indeed  much  brwih-eovered  land  covld  be 
had  for  less  than  ton  dollars  per  acre. 

In  forest  resources  Indiana  was  very  wealthy  a  century  ago.  Ninety-five 
per  cent  of  the  area  was  foimerly  forested.  Some  of  the  finest  lumber  trees 
in  the  world  were  in  Indiana.  A  lar^'e  fraction  of  the  rouj^hcr,  unplaciated 
part  of  the  state  is  still  wooded,  and  a  much  larger  fraction  should  be.  If 
forestry  is  seientiflcally  practiced.  Indiana  shovld  eontinne  to  nnk  as  a  Icad- 
inif  state  in  si;pplyinp  hardwood  lumber.  Land  which  is  of  little  value  for 
the  growing  of  cultivated  crops  may  be  excellent  for  the  growing  of  timber. 
The  roagher  land  of  southern  Indiana  is  certainly  splendidly  adapted  to  lum- 
bei'  pi  oduction.  The  increased  demand  for  h  mbn  with  the  con.scquont  clear- 
ing of  level,  tillable  lands  elsewhere,  makes  the  growing  of  timber  on  the 
rougher  land  all  the  more  profitable.   The  increased  desirability  of  eheekinir 

soil  ero.sion  on  the  .>;lopes,  and  of  reducing  flood.s  also  contributes  to  make 
the  extension  of  woodland  increasingly  important.  Forestry  should  be  en* 
couraged  in  every  way  possible  in  the  roufirh  land  of  Indiana.  Figure  2  diows 
the  land  not  timbered,  and  the  land  reported  as  wa.stc  land  by  the  tax  assessors 
in  1918.   It  is  based  on  statistics  in  the  Indiana  Year  Book  for  1919. 

In  mineral  wealth,  Indiana  is  also  very  ridi.  She  has  usually  ranked 
fifth  or  .sixth  among  the  states  in  the  prodactimi  of  coal;  in  clay  products 
about  fourth;  in  limestone  for  building  purposes  she .  now  stands  first; 
in  oil  and  gas  she  has  long  stood  high.  For  the  decade  1900-1910  Indiana 
was  seventh  state  in  oil  pioduction,  and  about  fifth  in  the  production  of 
natural  pas.  For  the  total  value  of  the  products  of  mines,  quarries  and 
wells,  Indiana  ranked  .seventh  among  the  .states  in  1904,  eleventh  in  1909, 
and  about  twelfth  in  1920,  in  spite  of  ranking  37th  in  slaa. 


In  climate  Indiana  closely  resembles  neighboring  areas.  A  large  region  in 
eastern  United  States  has. strongly  marked  seasons,  with  hot  summers  and 

cold  winters;  frequent  chanpes  of  weather,  due  to  the  pa.ssajre  eastward  of 
numerous  cyclonic  storms;  high  humidity  and  considerable  rainfall;  modern 
ate  cloudiness  and  windiness.  These  characteristics  are  in  response  to  In- 
diana's podtion  in  mid-latitudes  (the  bell  of  we-terly  winds,  of  cyclonic 
storms  and  of  highly  variable  temperatui-es) ,  in  the  interior  of  a  great 
continent  but  not  shut  oif  from  a  great  source  of  moisture,  the  Gulf  of  Mezieo. 

T^peraturt.  Indiana  is  near  the  southern  margin  of  the  area  having 
long,  severe  winters.  The  normal  .January  temperature  for  the  state  is  about 
28°  V.  At  the  southern  end  of  the  state  the  normal  January  temperature 
is  SS*  F.,  while  at  the  north  it  is  25*  F.  Even  in  the  northern  half  of  the 
state,  two-thirds  of  the  winter  precipitation  is  rain.  In  the  snowiest  month, 
February,  only  37.5'/*  of  the  precipitation  is  snowfall  in  the  northernmost  part 
of  the  stete. 
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Although  all  fiarts  of  the  state  have  experienced  temperatures  as  low 

aa  20"  below  zero  F.,  siirh  rold  snaps  are  rare  ami  of  short  ilmntioti.  Rvcn 
in  the  extruordinai-ily  cold  winter  of  li)17-l!)18,  when  new  minima  records 
were  established  at  many  points,  Indianapolis  had  only  seven  days  when 

tcmpeiaturos  below  r.ero  were  experi<iire<l  ami  only  one  day  when  a  tem- 
perature below  — y  F.  occurred.  That  day  it  reached  IJi"  below,  which  was 
the  coldest  temperature  experienced  in  Mty  years,  except  rnie  year,  1884,  when 
—25"  occurred. 

Before  1*->16  the  lowest  oihcial  temperature  recorded  for  the  state  waa 
— 88*  (Lafayette)  and  the  next  lowest  — 28'  (Jeffersonville  and  Paoli),  near 
the  southern  marfcin  of  the  ^tate.  Fort  Wnyne  had,  in  twenty  years,  not  ex- 
perienced a  temperature  lower  than  — 19"  F. 

Indiana  has  rather  hot  Kummers.  The  average  July  temperature  is  75' 
F.  The  axtreme  southwestern  part,  the  hottest  area,  averages  79*  P.  The 
extreme  northeast,  the  coolest  part,  averajres  about  73°  F.  The  mean  maxi-  ' 
mum  daily  temperatures  for  June,  July  and  Ai  ^ust  are  more  than  80°.  for 
all  hut  a  very  few  of  the  forty-four  well  (li.-^tributed  Weather  Bureau  Sta- 
tifins.  Many  stations  have  a  temperature  of  almost  !>0'  each  averajje  day 
in  July.'  Night-time  tem|)erature.s  are  normally  quite  high  also.  The  lowest 
temperature  normally  cx]>erienced  ai  niprht  (or  early  in  the  morning)  in 
June  is  about  58°  for  the  northern  half  of  the  state  and  about  <'>2  for  the 
southern  half.  For  July  the  hgures  are  about  G2  (northern  half)  and  05* 
(southern  half).  In  August  the  mean  minimum  temperature  for  the  northern 
half  is  about  fif)  and  for  the  soi  thern  half  about  (V.V .  Frequently  the  tem- 
perature remain.s  high  until  late  in  the  night.  Indeed  commonly  the  coolest 
temperatures  occur  at  sunrise. 

The  high  average  summer  tcmperiituic  of  Indiana  is  favorable  for  the 
growth  of  corn.  The  hot  nights  are  especially  valuable  in  this  respect. 
Com  makes  praetieally  no  growth  whe;i  the  temperature  i»  below  49*  F. 

For  rapid  growth,  the  soil  temperature  must  he  7-')  or  above  for  at  least  part 
of  the  day.  The  longer  the  time  when  the  soil  temperature  is  between  75° 
and  88*,  llie  more  rapid  growth,  when  stiidcient  moisture  is  available. 

Temperatures  of  nearly  100  F.  are  not  rare  in  summer,  and  all  of  the 
state  but  the  northeast  has  experienced  a  temperature  above  105°,  though 
few  points  have  had  a  temperature  of  108*  and  none  above  111*.  The  north- 
eastern corner  has  never  had  an  official  temperature  above  10^'  F.  The 
state's  extreme  range  (the  difference  lietween  the  lowest  temperatures  of 
winter  and  tile  highest  of  Summer),  hence  is  almost  180*  F.  The  mean 
SMSonal  range  (the  difference  between  the  normal  Januaiy  temperature  of 
about  28°  F.  and  the  normal  Ji-ly  temperature,  of  about  76°  F.),  is  about 
44*.  A  great  seasonal  range,  such  us  this,  is  characteristic  of  continental 
climates  in  mid-latitudes.  Indiana's  normal  seasonal  range  is  however  some- 
what less  than  in  stales  to  the  west  or  north. 

The  normal  daily  range,  or  difference  between  the  coolest  temperature 
at  night  and  the  waime.st  temperature  by  day  is  usually  less  than  25°  F., 
and  often  much  less  than  Iti  winter,  tlie  normal  rang*'  from  the 

highest  by  day  to  the  lowest  at  night  averages  almost  Ifi  F.,  and  for  the 
summer  about  20*  F.  The  daily  range  of  temperature  in  Indiana  is  normally 

'  Tho  climBti"  -Ijiti.-Ii'v.  irn.n  ir  Uij-  ^.I  'lrn  nr.-  Ihi'  nAcM  Rltiin  h«  t>u''li.'-h<''l  in  'iifT'  icnt 
rvports  of  the  Unilvil  SihUh  Wi-nlhrr  Kuniiu.  iK|i<-ciully  thv  munnwi'y  of  the  climatolcwiml  data 
Of  Am  UalM  8UtM  by  aNllwi*.  8m.  «7  (Smitlinii  IndlMia).  See.  68  (Northcni  Indlsiw).  If !«. 
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rather  small,  in  response  (1)  to  the  abundant  moisture  in  the  air,  (2)  the 
low  altitude  of  mo.st  of  Indiana,  and  (3)  the  latitude.  Most  of  the  state  is 
between  seven  hundi*ed  and  eight  hundred  feet  abu\t  sea  level.  The  more 
moisture  there  is  in  the  air,  the  less  etTcctive  is  tlu-  ilay-timo  waimin);  by  the 
sun.  Cloud.s  reduce  day-tinu'  leiuperalure  conspicuously  but  the  haze  which 
is  common  in  moist  climates  even  when  dottda  taee  not  present  has  a  .similar 
pfTect.  Water  vai)or  in  the  air  lessens  the  escape  of  beat  at  niRht.  Clouds 
aie  particularly  elTective  in  this  regard.  The  altitude  is  important  in  alTect- 
ing  Um  range  (1)  because  atmospheric  moisture  deereases  with  altitude  and 
(2)  because  air  it.^elf  retards  the  passape  of  heat,  though  far  less  than 
water  vapor  does.  The  latitude  is  important  because  the  length  of  day  and 
night  in  summer  and  winter  is  related  to  the  latitude.  In  Indiana's  latitude 
the  summer  days  ;in:  notably  longer  than  the  summer  ripht.s.  There  is  not 
80  much  time  for  cooling  during  the  summer  nights  as  there  is  farther  south 
where  the  summer  days  are  shorter  and  the  summer  nights  are  Imtger. 

The  aspect  of  the  range  of  temperature  which  is  commonly  con.sidered  of 
most  importance  is  that  involving  freezing  temperatures.  The  importance 
of  the  fluetuationfl  of  temperature  whenever  the  lowest  temperatures  are  be- 
low the  froc'zinp  point  is  very  prcat.  Purinp  the  cooler  half  year  in  Indiana 
freezing  temperatures  at  night  and  thawing  temperatures  at  the  warmest 
time  of  the  day  are  efaaracteristie.  Such  temperature  conditions  are  partly 
favorable  and  partly  unfavorable  for  winter  grains,  clover,  etc.  The  freezing 
of  the  surface  layers  of  the  soil  causes  them  to  expand  and  often  warp  up- 
ward and  heaYs  away  from  the  unfraaen  soil  beneath.  This  heaving  iKeaks 
many  roots.  A  few  inches  of  snow  protects  crops  against  such  alternate 
freezing  and  thawing,  and,  therefore,  is  welcomed  by  farmers  having  fields 
of  such  crops.  Moderately  cool  temperatures  are  favorable  for  the  stooling 
of  graiBS.  Stooling  is  the  inooe-ss  of  multiplication  of  stalks.  Wherever  it 
is  warm,  wheat  yields  poorly  because  only  a  few,  or  po.ssibly  only  one  stalk 
developes  from  each  seed.  Where  heavy  stooling  has  occurred,  a  dozen  stalks 
may  grow  from  a  single  seed.  The  moderately  cool  temperature  of  the 
winter  and  tarly  spring  in  Indiana  is  normally  much  more  favorable  for 
i^tooling  than  are  the  higher  temperatures  which  are  characteristic  farther 
south.  Not  far  north  of  Indiana  winter  temperatures  are  too  cold  for  winter 
wheat,  or  else  the  snow  lies  too  thick  upon  the  ground.  A  thick  layer  of 
snow  smothers  wheat  if  it  stays  long,  and  hence  is  quite  undesirable  for 
winter  wheat. 

There  is  a  .second  respect  in  which  the  long  period  during  which  night- 
time temperatures  are  about  freezing  and  daytime  temperatures  about  50° 
F.  is  important.  Ellsworth  Huntington's  studies  of  human  efRcieney,  given 
in  his  "Civilization  and  Climate",  indicato  .•lonily  that  cool  tompcratures 
(30°  to  50°  outdoors  and  50°  to  60°  indoors)  are  most  favorable  for  intellect- 
ual work.  If  Huntington's  conclusions  are  correct,  ahd  the  evidence  is  quite 
convincinj,-:.  the  temperature  conditions  which  normally  prevail  in  Indiana 
during  the  cooler  half  year  are  one  of  Indiana's  greatest  assets. 

The  fact  as  to  the  temperature  which  is  often  considered  most  impor- 
tant by  farmers  is  the  length  of  the  period  in  which  killing  fiosts  arc  absonl. 
(See  Fig.  3.)  In  Indiana  the  average  last  killing  frost  in  spring  is  April 
15  in  the  extreme  southeast;  April  20  in  Che  southern;  April  26  in  the  oentnil» 
and  May  1  in  the  northeastern  part  of  the  state.  Killing  frosts  sometimes 
occur  as  late  as  May  10  In  the  southern  half  and  as  late  as  June  1  in  the 
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northern  half.  The  average  first  killiriK  frost  in  the  fall  i:^  on  October  5 
for  the  northern  half  of  the  state  and  October  15  for  the  southern  half,  but 
October  20  for  the  southwestem  part.  Rarely,  killing;  frosts  occur  as  early 
as  September  20  in  all  the  state  but  the  extreme  southern  part,  where  the 
earliest  has  been  September  25. 

The  growing  season  average.s  about  one  hundred  seventy  days  in  length, 
averaging  about  one  hundred  sixty  days  for  the  northem  half,  and  one  hun- 
dred eighty  days  for  the  southern  half.  (See  Fig.  3.)  Some  stations  in  the 
north  have  as  short  a  growing  season  as  one  hundred  fifty  days,  and  the 
extreme  southwest  has  one  of  nearly  two  hundred  day.s.  Latitude  is  the  chief 
factor  affecting  the  length  of  the  growing  .season;  on  the  average  it  de- 
creases in  length  towards  the  north.  Three  other  factors  contribute,  however — 


Flit.  3.  Avt'i'HK)'  U-iih-th  <if  Kiowinx  .tcuNnn.  anil  daU-H  of  laiit  killinff  frnst  in  HprintC  and 
llrit  in  fall.  Front  linea:  April  Jl.  .May  I.  OcUiIxt  II  ami  OcUiImt  ai.  CrnwinK  waiMin 
lenirtha:  white.  1S0.I6O  dayn :  rhockcrd.  1*iO.IKU  daya :  lined,  over  180  day*. 

Flu.  4.  Value  of  farm  land  t>fr  urn-.  arr<ir<iine  tn  the  1920  CenHun,  by  countien. 
Whlt«'=»17-25,  black -1200-226. 


altitude,  storminess  and  nearness  to  Lake  Michigan.  The  longest  growing 
season  at  the  south  is  along  the  lower  Ohio  and  Wabash  valleys,  little  more 
than  three  hundred  feet  above  sea  level.  The  parts  of  the  state  having  an 
elevation  of  more  than  one  thousan<i  feet  have  a  shorter  growing  season  than 
do  lower  altitudes  in  the  same  latitude.  The  northern  part  of  the  state  is 
affected  more  strongly  by  cyclonic  btorms  than  the  .'iouthern  part.  Unseason- 
able fro.sts  pi-actically  always  occur  only  when  an  intense  Low  is  closely 
followed  by  a  well  develope<i  High.  As  the  centers  of  more  Lows  and 
Highs  pas£  northern  Indiana  than  pass  southern  Indiana,  this  is  another 
reason  for  the  shorter  growing  .season  there.    Lake  Michigan  affects  the 
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length  of  the  growinir  season  for  a  very  small  part  of  Indiana.   The  lake 

is  relatively  watin  in  the  i';.!!,  and  frosts  do  not  occur  so  early  near  the  lake 
as  some  distance  south  of  the  lake.  For  example,  the  earliest  killing  frost  at 
Michifn^n  City,  and  elsewhere  near  the  lake,  is  a  week  or  more  later  than  in 
the  latitude  of  Loffuni-port.  In  the  .spring  the  lake  is  comparatively  cold,  and 
although  frosts  ure  not  notably  delayed,  ftuit  near  the  lake  is  less  likely  to 
be  injured  by  a  late  frost  than  farther  south,  as  the  cool,  raw,  cloudy 
springs  induced  by  the  cold  lake,  commonly  delay  the  flowering  of  fruit  trees 
and  vines  until  the  dan^rer  of  injury  from  late  frosts  is  relatively  small. 

I'nciititation.  The  averaKe  annual  precipitation  received  in  Indiana  is, 
for  most  of  the  state,  about  forty  inches.  In  parts  of  the  north,  slightly  less 
than  thirty-five  inches  is  the  art  rajrr,  while  in  the  south  more  than  forty 
incheii  is  normal,  and  at  the  extreme  central  south  one  small  area  usually 
receives  as  much  as  fifty  inches,  or  about  forty  per  cent,  more  than  the 
drif  t  prut  of  the  slate.  All  but  a  sms'll  part  of  the  state  receives  within 
three  inches  of  thiity-eight  inches  rainfall.  In  this  respect,  Indiana  is  much 
more  uniform  than  most  of  the  states.  Of  the  fortyndght  states,  more  than 
forty  normally  n'C(  ive  in  their  rainiest  part  more  than  fifty  per  cent,  more 
precipitation  than  their  driest  part  receives,  and  in  many  states,  the  wettest 
part  receives  two  or  more  times  ai  much  as  the  driest  The  vnifonnity  in 
Indiana  is  related  to  (a)  its  ievelness,  (b)  its  small  extent,  (e)  its  location 
in  the  great  cyclonic  storm  belt. 

The  average  decrease  in  i^recipitation  northward  in  Indiana  is  due  chiefiy 
to  incren.se  in  distance  from  the  Gulf  of  Mexico,  the  izicat  source  of  rainfall 
in  eastern  United  States.  The  eastern  margin  of  the  .--tatc  receives  on  Ihe 
average  more  niinfall  than  the  western  margin,  in  keeping  with  the  general 
increase  in  precipitation  from  the  Rocky  Mountains  to  the  Atlantic  Coast, 
iMcause  the  cyclonic  "Lows",  the  great  agency  which  dmws  the  moisture 
northward  from  the  Gulf  of  Mexico,  move  ea.stward  hour  by  hour.  They  thus 
draw  more  rain  into  the  eastein  than  into  the  western  parts  of  the  state. 

The  precipitation  is  fairly  evenly  distributed  throughout  thi'  ycir  Most 
months  receive  about  three  inches.  However,  a  little  more  liiun  half  of 
Indiana's  precipitation  falls  in  the  warmer  six  months,  April  to  Septemlwr 
inclusive,  hi  t  less  than  si\t\  per  cent.  The  southern  marjrin  receives  ex- 
actly half  of  its  total  precipitation  in  the  H'armer  half  year,  while  the  north- 
western eomer  receives  sixty  per  cent.  then. 

The  great  rea.»ions  why  droughts  are  more  severe  in  the  southern  half 
of  the  state  than  in  the  northern;  in  spite  of  the  southern  half's  greater 
atmual  rainfall  are  (1)  a  larger  share  of  the  rainfall  reeeived  at  the  south 
comes  in  winter  when  it  does  the  crops  little  ir<>od,  CI)  the  higher  averag.^ 
temperature  in  the  southern  half  than  in  the  northern  half  results  in  greater 
evaporation  there  than  in  the  north.  The  water  requirement  of  plants  de- 
pends !ai>rely  upon  the  amount  of  cvaiiorjition.  (•'!)  .\  third  reason  why 
summer  droughts  are  more  frequent  in  the  southern  part  of  the  state  than 
farther  north  is  that  thunderstorms  decrease  in  frequency  and  intensity  to- 
wards the  north.  Thunderstorm  rainfall  comes  quickly  and  is  moie  likely 
to  run  off  without  benefiting  the  crops  than  is  the  case  where  the  rain  falls 
more  quietly  and  has  time  to  soak  in. 

The  forty  to  fifty  |)er  cent,  of  the  precipitation  which  falls  in  the 
cooler  half  year  (October  to  March  inclusive)  is  far  less  valuable  per  unit 
than  the  smrnner  rainfall.  Indeed  Indiana  wmild  be  better  off  perhaps,  if  she 
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received  less  precipitation  in  autonm,  winter  and  early  spring;  Soil  eracion 
would  certainly  be  less  rapid. 

Of  Indiana's  approximately  thirty-nine  inehei  of  precipitation,  about 
one-tentil  is  snow  at  the  north  and  about  one-twentieth  is  snow  ut  thr  south. 
On  the  average  almost  thi^  inches  of  snow  falls  at  the  north  and  twenty 
inches  at  the  south,  except  in  the  extreme  southwest,  where  an  average  of 
only  about  fifteen  inches  is  receivid.  Little  snow  remains  long  on  the  ground 
in  the  southern  half  of  the  state.  The  les.ser  snowfall,  lonper  )?»"owinjf  sea- 
son, the  higher  temperature,  and  certain  other  climate  peculiarities  of  the 
extmne  .'iouthwes-tern  part  of  the  state  is  chiefly  due  to  its  low  elevations 
alone  the  Wabash  and  Ohio  valleys.  Wiitermclons  are  laisfd  extensively  in 
this  lowland  section.  There  is  a  slight  increase  in  snow-fail  near  Lake  Michi- 
gan due  to  the  influence  of  the  large  body  of  cool  water  in  early  spring. 

There  is  a  very  close  relationship  between  the  amount  and  distribution  of 
rainfall  and  the  yield  of  crops.  Corn  yields  illustrated  this  clearly.  Com 
should  receive  an  average  of  at  least  inches  of  rainfall  per  montii  during 
the  three  months  of  its  prowth.  When  more  rain  falls  at  the  rijrht  time,  the 
yield  is  much  increased.  For  example,  on  a  plot  of  land  at  the  University  of 
Illinois,  in  right  years  when  a  total  of  less  than  seven  inches  fell  in  the 

three  months,  June,  July  nnH  Autrust,  the  averape  yield  was  2r>.H  bushels  per 
acre.  In  nine  years  when  between  seven  and  ten  inches  occurred  in  these 
months,  the  average  yield  was  S2.4  bushels  per  acre;  In  the  eleven  years 
when  more  than  ten  inchc-  fell,  the  averajre  yield  was  40  bushels  pei-  acie. 
A  hundred  bushels  per  acre  yield  requires  about  sixteen  inches  of  rain.  In 
general,  rainy  weather  in  the  last  half  of  July  and  the  first  half  of  August 
results  in  a  kooi\  corn  yield,  while  a  drought  in  this  period  is  very  costly. 

Other  Cliii'ii^i''  h'leiii lilts. — On  the  aveiafje  about  fifty  inches  of  water 
evaporates  from  an  expo>fd  water  surface  in  a  year  at  the  southern  part  of 
the  state,  and  about  thirty-five  inches  at  the  norUi.  Thus  a  little  nwre  water 
evaporates  from  a  lake  than  falls  upon  it.  Lakes  arc  maintained  by  streams. 
More  water  often  falls  on  the  land  than  can  promptly  evaporate.  The  excess 
forms  streams.  During  dry  spells,  much  more  water  could  evaporate  from  the 
soil  than  is  available  for  evaporation. 

The  air  of  Indiana  normally  is  rather  moist.  For  most  of  the  state  the 
relative  humidity  averages  about  seventy  per  cent,  during  the  day.  Tliat 
is,  the  air  possesses  nearly  three- fourths  as  much  JMoisture  as  it  could  hold. 
At  night,  when  dew  is  forming,  for  example,  the  lower  air  is  supersaturated 
and  is  forced  to  give  up  part  of  its  moisture.  The  relative  humidity  is  im- 
l>ortant  because,  first,  the  rate  of  evaporation  depends  laru^ely  on  it,  and 
second,  the  sensible  temperature  is  powerfully  influenced  by  the  humidity. 
The  senrible  temperatnra  ift  the  temperature  as  it  feels  to  us.  Moist  air 
feds  warmer  than  dry  air  when  the  temperature  is  high.  Moist  air  feels 
colder  than  dry  air  at  low  temperatures.  That  is  to  say,  a  raw  or  chilly 
cold  is  more  uncomfortable  than  a  dry  cold.  Zero  weather  in  Indiana  is 
often  as  trying,  while  it  lasts,  as  twenty  degiefs  below  zero  in  Dakota.  Also 
a  sultry  heat  of  95*  F.  is  worse  than  a  dry  heat  of  110*. 

Indiana  is  eoraparatively  sunny.  There  is  least  sunshine  at  the  noKh- 
east,  about  2^90  hours  p«>r  year.  There  is  most  at  the  southwest,  almost 
2350  hours  per  year.  The  average  for  the  state  is,  however,  nearly  2,800 
hours.  Most  of  Indiana  receives  almost  fifty-five  per  cent,  of  the  amount  of 
sansiiiiie  whidi  would  be  received  if  no  ckiudiness  occurred.  In  winter,  the 
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sky  is  clear  about  foi'ty  per  cent,  of  the  day  time.  In  summer,  it  is  clear  about 
seventy  per  cent,  of  the  day  time,  on  the  average.  In  DeeaadMr  the  average 
day  has  only  three  and  one-half  hours  of  sunshine,  while  in  July  the  average 
day  receives  sunshine  slightly  more  than  ten  hours.  On  the  average  for  tlie 
year  about  one^third  of  all  the  days  are  daued  as  "dear",  almost  one4hird 
arc  "clnufly",  and  about  a  third  are  "partly  cloudy". 

Indiana  is  within  the  belt  of  frequent  cyclonic  storms  (not  tornadoes). 
Northern  Indiana  is  crossed  by  the  centers  of  about  thirty  **Lo><rs"  a  year, 
while  the  southern  part  is  crossed  by  about  twenty.  Chanj,'e>  of  wrathor 
hence  are  somewhat  more  frequent  and  intense  in  the  northern  part  than  in 
the  aouthem.  In  so  far  as  sndi  dianges  of  weather  are  stimnlating,  the 
northern  part  of  the  state  has  a  more  invigorating  climate  than  the  southern 
part 

Tornadoes  occur  occasionally  in  Indiana,  but  they  are  notably  less  fre- 
quent than  in  Illinois  and  Missouri.  Tornadoes  damage  narrow  a  strip 
of  country  and  so  few  occur,  that  there  is  slight  likelihood  that  any  given 
spot  will  be  affected.  Indeed,  a  United  States  Weather  Bureau  expert  has 
calculated  that  even  in  Missouri,  where  they  are  most  common*  tiie  dianee 
that  any  given  half-mile  square  of  land  (160  acres)  will  be  crossed  by  a 
tornado  in  any  century,  is  one  in  sixteen  hundred.  As  most  tornadoes  de- 
molish a  strip  only  a  few  hundred  feet  wide,  a  farm  might  be  crossed  several 
time.«  without  the  buildinirs  )>eirm  'lemoUshed.  Many  buildings  are  injured 
without  the  inhabitants  bcin^  kiUtd. 

Indiana  is  not  a  windy  state.  The  average  wind  vetodty  is  about  eight 
miles  per  hour.  Gales  (winds  of  forty  milo.-^  i)er  hour),  an-  raro.  In  winter 
the  direction  of  the  wind  is  from  the  northwest  usually.  Southwest  winds 
prevail  on  the  average  in  summer. 

CKAFTiai  V. 
AGRICULTURE. 

The  natural  advantages  of  dimate,  soil,  topography  ,and  location  make 

Indiana  one  of  the  Icadinp  agricultural  states,  in  proportion  to  area,  as  we 
have  seen  in  an  earlier  paragraph  dealing  with  j^ize.  In  191U  the  value  of 
all  crops  in  Indiana  was  nearly  one-half  billion  dollars,  or  more  than  $1S0 
for  each  man,  woman,  and  child  in  tbr  state. 

A  large  share  of  the  people  of  the  state  are  engaged  in  agriculture, 
and  farm  products  are  the  raw  materiak  of  several  important  manufacturing 
industries.  The  rural  population,  as  that  term  is  defined  by  the  census,  made 
up  49.4Vt  of  the  population  in  1920.  However,  the  census  bureau  classes 
dties  of  less  than  2,500  as  rural,  and  hence  many  people  are  called  rural 
who  are  not  farmers.  If  only  thos»>  who  do  not  live  in  imorporated  dties 
be  classed  as  rural,  'dH'  v  of  the  state's  population  was  rural  in  1920. 

Indiana  has  28  million  acres  of  land,  of  which  91%  is  in  farms,  and  most 
of  the  remainder  is  in  i-oads,  railroads,  cities,  villages,  or  lai<es.  Sevens- 
nine  per  cent,  is  classed  by  the  census  as  improved  land,  and  seventy-one 
per  cent,  as  land  in  crops.  Unimproved  land  includes  wild  pasturaKe.  bi  u.sh 
land,  and  any  other  raw  land. 

Value  of  Farm  Land.  The  averajje  value  of  all  fami  property  for  the 
State  in  1920  was  $144.44  per  acre.   The  farm  land  alone  was  worth  on  the 
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avmge  $104.00  per  acre.  Tliere  is  conaideraUe  variatiMt  among  the  eoun- 
ti«s  and  among  the  aeetions  of  the  state  as  is  shown  hy  Fig.  4  and  by  taUe  1. 

TABLE  1. 

I'lii/sitif/mftliic  litipaiis  atid  l.nnd  V'dtin's. 

Average  value  of  land  alone  per  acre,  by  counties;  values  from  1920 
Census  for  ooonties  sokly  in  physiographic  provinces  as  shown  in  Plate  II 
of  Dr.  Malott's  Giapter. 

(1)  Northern  Moraine  and  Lake  Region 

(Average  of  18  counties)  $107.00  per  acre 

(a)  Kankakee  Laettstrian  Section  (4  counties)  102.00  per  acre 

(b)  Steuben  Morainal  and  Lake  Section  (8  counties)  96.00  per  acre 

(2)  Tipton  Till  Plain  Region  (Average  of  24  counties)  169.00  per  acre 

(3)  Southern  Hills  and  Valleys  Region 

(Average  of  30  counties)  47.00  per  acre 

(a)  Wabash  Lowland  (10  counties)  77.00  per  acre 

(b)  Crawford  Upland  (5  counties)  26.00  per  acre 

(c)  Unglaciated  Mitchell  Ptein  and  Norman  Upland 

(5  counties)  H  I. 00  per  acre 

(d)  Muscatatuck  Kegionul  Slope  (3  counties)  26.00  per  acre 

(e)  Dearborn  Upland  (6  counties)  74.00  per  acre 

Marion  County  led  with  an  average  value  of  $226  per  acre  of  land 

alone.  The  presence  of  Indianapolis  increases  the  value  of  the  nearby  farm 
land,  fienton  County  had  an  average  value  of  $221.34;  Tipton,  |211.25;  Clin- 
ton,  IS0C.66,  and  Howard,  fl07.79  per  acre.  See  Fig  1  for  value  of  the 
UhmI  in  all  counties. 

The  most  valuable  farm  land  is  in  the  north-central  portion  of  the  state 
on  what  is  known  as  the  Indiana  prairie  or  Tipton  Til!  Plain.  The  land  is 
nearly  level  and  is  well  adapted  to  the  use  of  farm  machinery,  has  good 
transportation  facilities,  excellent  soil,  and  and  has  produced  banner  crops  for 
more  tlian  a  half  century. 

Brown  County  has  the  lowest  average  valuation  of  farm  land,  $17.24 
per  acre.  In  1920,  Crawford  County  on  the  Ohio  River  had  an  average 
valuation  of  $19.06,  Perry  $20.46,  and  Monroe  $34.00  per  acre.  These  coun- 
ties contain  much  land  which  is  not  wdl  suited  to  farming  nor  to  most  other 
industries.  They  are  hilly,  have  barren,  rocky  soil  and  lack  adt-qiuite  trans- 
portation facilities.  Their  resources  are  harder  to  develop  than  iho.^e  of  the 
level  prairies;  and  their  people  commonly  lack  the  training  and  capital  to 
make  the  most  of  the  re.sources  of  this  i-oujrher  part  of  the  state.  T)airyin|j:, 
sheep  raising,  and  tree  crop  culture,  all  of  which  are  promising  here,  will 
hdp  very  materially  in  devetoping  this  rougher  region. 

Number  and  Sizr  of  Fitniin.  There  were  slijrhtly  uvt  r  'iOO.OOO  farms  at 
the  1920  census.  The  majority  of  the  farms  contain  about  100  acres,  of 
whidi  about  80  acres  are  improved.  Twenty-eight  per  cent  of  the  farms 
contain  from  100  to  IT.'S  acres,  and  only  1,086  farms,  or  0.5%  of  the  total, 
have  more  than  500  acres. 

Large  farms  have  the  largest  percentage  of  unimproved  land  while  those 
under  twenty  acres  have  the  least   It  is  easier  to  improve  a  small  farm 
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than  a  large  one,  ljut  it  likewise  takes  more  intensive  farming:  to  obtain  a 
living  on  a  small  piece  than  on  a  large  one.  Almost  one-half  of  the  Indiana 
fmims  are  worked  by  their  owners,  while  nearly  one-third  are  leased.  The 
majority  of  the  tenants  are  share-tcnant.s,  only  nbout  one-sixth  beinp  cash 
renters.  Randolph  County  had  the  most  tenant  farmers,  1,333.  Benton 
had  the  largest  per  cent.,  59%,  and  Dnbois  had  the  smallest,  12%.  The  levd 
northern  countief;  are  better  adapted  to  the  tenant  system  than  the  hilly 
portion  of  the  south.  One  owner  can  easily  oversee  several  farms,  and  the 
aoO  and  topography  make  ft  easier  to  secure  profitable  tenants.  Farther- 
more,  rented  farms  are  less  likely  to  be  pei  manently  injured  by  minrnnage- 
ment  in  the  level  portion  of  the  state  than  in  the  rougher  portion. 

Leading  Crojut.  Grain-farming  was  the  first  agricultural  activity  to  be 
highly  developed  in  Indiana  and  still  remains  the  chief  form  of  agricaltare. 


Fig;  i.    Th*  diatribvUon  of  Govb.    Ench  dot  wpwuaU  5,000  acraa. 
(From  O.  B.  BkW.  in  Finch  *  Bakei^a  GeoKn<i>hy  of  World  Affricnllure.  1017.) 


Corn  is  the  most  important  crop.  It  is  gfrown  on  practically  every  farm.  In 
1919  the  total  production  was  158Mi  million  bushels,  coming  from  A^'z  million 
acres.  Benton  County  led  in  1919  with  over  4,200,000  bushels,  followed  by 
Tippecanoe,  Rush,  Allen  and  Randolph  Counties.  Brown  County,  one  of  the 
poorest  counties,  produces  366,000  bushda.  See  Fig.  5  for  the  average  produc- 
tion of  all  part.s  of  the  state. 

The  average  farm  has  about  twenty-five  acre.-;  in  corn  which  normally 
yiaUs  about  forty  bushels  per  acre.  With  the  exception  of  the  state  of 
Ohio,  which  has  the  same  average  yield,  in  no  other  corn  states  does  corn 
nomally  yield  much  per  acre  as  in  Indiana.  At  the  last  three  censuses, 
1900>10-SO  there  were  abottt  4U  million  acres,  or  27%  of  the  farm  land,  in 
com  each  year.  According  to  the  Indiana  Yeai-  Rook,  80'  :  of  the  corn  pro- 
duced in  1919  was  used  on  the  farm.    The  amount  used  on  the  farm  varies 
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amonp  the  counties  from  95fe  In  Brown  County  to  35%  in  Benton.  About 
16%  of  the  com  is  shipped  out  of  the  state,  mostly  to  Chicago. 

Corn  is  so  impoi-tant  in  Iiiriiana  agriculture  because  the  climate,  soil  and 
topographic  conditions  are  all  favorable  for  its  production.  The  climatic 
aspect  has  been  discussed,  it  will  be  recalled,  in  the  seetkm  on  diroate.  In 
addition,  corn  responds  to  intensive  cultivation,  has  many  uses,  and  requires 
work  at  times  of  the  year  when  the  farmer  is  not  occupied  with  the  other 
chief  crops  grown. 

Wheat  is  second  in  value  amon?  the  cereals  and  also  amonp  iill  crops.  In 
1920  there  were  slightly  more  than  million  acres  in  wheat,  producing 
over  45  minion  bushels,  which  gives  an  average  of  about  seventeen  bushek 
per  acre. 

The  yield  of  wheat  in  Indiana  is  much  alTected  by  weather  conditions, 
however,  and  since  1908  it  has  fluctuated  from  a  little  over  10  million  bodids 


FIs.  S.  The  piradaetioB  «C  Wheat.  Beeh  dM  wptwU  1M.IIM  toeheli.   (Ftam  Befar.) 

in  11)12  to  over  45  million  bushels  in  .several  yeais  and  to  49  million  bushels 
in  1918.  This  fluctuation  is  in  sharp  contrast  to  the  conditions  in  respect  to 
com,  Indiana's  climate  being  much  more  favorable  for  com  than  for  wheat 
In  the  period  1909-1920  instead  of  more  than  a  four-fold  fluctuation  in  the 
yield,  as  in  wheat,  the  yield  of  com  varied  only  from  1G3  million  to  199  mil- 
lion busheb,  or  less  than  20%,  according  to  estimates  of  the  Department 
of  Agriculture.  This  gives  a  normal  fluctuation  of  less  than  10^  from  the 
average  yield.  With  wheat  the  normal  fluctuation  from  the  average  yield  is 
from  25  to  85^. 

The  most  important  wheat  area  is  in  the  extreme  ."{outhwe-st,  in  the  Ohio 
and  Wabash  valley  of  Posey,  Knox  and  Gibson  Counties.  (See  Fig.  6).  A 
second  belt  of  considerable  importance  in  wheat  production  extends  northward 
from  Jadteon  eounty.   In  1909  twenty-flve  counties  in  this  bdt  produced 
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two-fifths  of  the  state's  wheat,  nearly  twice  as  much  per  county  as  the 
average  for  the  state.  Practically  all  the  wheat  of  the  state  is  marketed. 
The  wheat  acreage  has  been  appi-oximately  the  same  for  the  last  forty  years, 
about  2''i  million  acres,  or  lo'r  of  the  farm  land  of  the  state.  Practically 
all  wheat  grown  in  Indiana  is  winter  wheat.  The  soil  is  usually  too  wet 
early  in  the  spring  for  the  sowing  of  spring  wheat  in  time  for  it  to  stool 
heavily  before  hot  weather  sets  in.  Even  corn  is  often  planted  late  on  low 
fields  because  the  ground  does  not  dry  off  .sufficiently  for  cultivation  until 
the  middle  of  May. 

The  third  crop  in  value  is  hay  and  forage.  It  is  fairly  well  di.stributed 
over  the  state  (Fig.  7).  In  1!)19,  3,300,000  acres  were  devoted  to  the  growth 
of  hay,  from  which  over  five  million  tons  were  obtained.   Timothy  and  clovei 


Viii.  7.    The  production  of  Hny  and  Komxe.    Each  dot  represents  E.OOO  acres.    (From  Uakcr.) 

mixed,  was  the  leader,  while  plain  timothy  was  second.  Seventy-six  per  cent 
of  the  hay  produced,  in  1919,  was  u.sed  on  the  fai-m.  According  to  the  Indiana 
Year  Book  (official)  for  1920,  the  amount  used  on  the  farm  varies  among 
the  counties  from  9V/r  in  Pulaski  and  Union  counties  to  51%  in  Vermillion. 
For  the  \ast  forty  years  there  has  been  an  approximate  average  of  two  and  a 
half  million  acres,  or  15'r  of  the  state's  farmland,  in  hay  and  forage.  The 
greater  acreage,  in  1919,  was  related  to  its  high  price  in  1917-19.  Allen 
County  produced  the  mo.st  hay  in  1919.  This  leadership  is  related  to  the  large 
local  market  for  hay  and  milk  in  the  cit>'  of  Ft  Wayne,  and  to  the  fact 
that  it  is  in  the  northern  part  of  the  state,  where  more  hay  is  required  than 
in  the  southern  part.  The  majority  of  the  counties  have  between  20  and 
•10  acres  per  farm  devoted  to  the  growth  of  forage. 

Oats  rank  fourth  in  value  among  the  crops  of  the  state.  In  1920,  there 
were  nearly  two  million  acres  in  oat.'^,  with  a  production  of  52,539,000  bushels, 
an  average  yield  of  thirty  bushels  per  acre.    In  1919,  Benton  County  led 
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with  nearly  Ihice  iiuUiuii  liu.<hels.  (See  Fig.  8*)  It  will  be  recalled  that 
Benton  County  is  a  leading  corn  producing  county  and  one  of  the  wheat  coun- 
ties. For  the  state  as  n  whole,  about  pcventy  per  cent  of  the  oat;;  produced, 
in  19ia,  was  used  on  the  farm.  The  percentage  used  on  the  farm  varies 
maumg  the  covntiM  from  96%  in  Oranfe  County  to  21%  in  Benton.  The 
oats  acreage  iiwreMed  from  one  million  aeres  in  1879  to  nearly  two  milium 
in  1919. 

Wheat  and  oats  reqaixe  work  at  somewhat  different  timea  of  the  year, 

which  is  advantageous  for  the  farmer.  The  wheat  is  sown  in  the  late  summer, 
the  oat£  in  the  spring  before  corn  can  be  planted.  The  wheat  ripens  before 
the  oate.  The  vAmt  alio  ia  a  eaah  crop  while  oata  are  need  moetiy  as  horae 
feed* 


Viti.  X.    Th>-  pnxliirtinn  of  Oata.   EmA  dot  nprmmtM  8.0M  mmm,    (Prom  Bakar.) 


Barley  and  rye  had,  in  191!),  an  acreage  of  74,000  and  .350,000  acre.s  respect- 
ively, Steuben  County  led  in  rye,  followed  by  Lagrange,  Porter,  and  Lake 
counties.  Noble  County  led  in  barley,  followed  by  Stevben,  Allen  and  White. 
These  counties  are  all  in  the  northern  part  of  the  state,  and  have  many  areas 
of  light  sandy  soil,  which  is  well  suited  to  the  growth  of  rye  and  barley, 
while  it  is  unfavorable  for  wheat  or  oats.  The  acreaRe  of  both  rye  and  bariey 
has  increased  greatly  recently.  The  1919  acreage  of  rye  was  nearly  six  tinwa 
the  average  acreage  for  1889-1909,  and  the  barley  acreage  was  nearly  seven 
tiuMB  aa  great. 

Next  to  barley  in  acreage,  in  i;>l!i,  was  potatoes,  with  r>2,000  acres.  As 
1919  was  a  poor  year  for  potatoes,  beau:>c  of  the  drought  at  the  critical  time, 
the  average  yield  was  only  forty  bushels  per  acre,  whereas  the  average  in  the 
Halted  States  is  about  100  bushels.  Indiana's  aveiage  in  1920  was  ninety 
bushels  per  acre,  according  to  the  1920  Indiana  Year  Book  (official).  White, 
or  Irish,  potatoes  are  not  a  dqiendable  crop  in  Indiana  because  of  frequent 
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dry  spelLi  in  June  when  the  potato  needs  rain.  Such  dry  spells  are  more  fre- 
quent in  the  Muthem  part  of  the  state  than  in  the  northern  part.  This  w  one 
reason  why  the  extreme  northern  countio.-;  learl  in  ]K)tato  raisin^r-  (i^w  Fig. 
9.)  The  sandy  soil  locally  present  in  this  region,  qIko,  is  better  iidapted  to 
tiMir  prodnetion  than  to  the  production  of  motet  crops. 

Minor  Cropit.  Both  orchard  and  tonal!  fruittt  can  be  srrown  especially  well 
in  the  southern,  rouphrr  part  of  tho  state,  on  soils  that  are  not  suited  for 
grains.  The  limestone  .soilh  are  suited  for  orchard  fruit,  and  the  knobstone 
soils  prodnee  fine  berry  crops.  More  yoonfr  fruit  trees  are  being  sat  out  in 
these  roughoi-  counties  than  elsewhere  in  the  state. 

The  apple  is  by  far  the  leading  fruit  grown  in  Indiana,  as  it  also  is  in  the 
United  States  as  a  ^iriiole.  There  were  three  and  one-tiiird  million  bearing 
apple  trees  in  Indiana  in  1919.  yielding  nearly  one  million  bushels,  valued  at 


Pis. 


The  produetlon  af  PstaMMS.  EmIi  dot 
mm  or  mm  at  thv  IMml 


S,000  mcrt»,  oa  tanm  mtortlns  m* 
at  mo.    (From  B«k*r.) 

two  and  a  quarter  million  dollars.  Clay  County  led  with  89,000  bushds,  while 

Vigo  was  a  c\nM-  scrond.  Apples  were  gfown,  in  1919,  on  nearly  two-thirds 
of  all  the  farms.    (See  Fig.  10.) 

Grapes  are  second  to  apples  in  value  among  the  fruits  in  Indiana.  How- 
ever, to  continue  with  the  tree  crops,  the  peach  is  next  in  order.  There  were 
860^)00  peach  trees  of  bearing  age  yielding  82.onii  husbels,  valued  at  $255,000, 
in  1919.  Twenty-one  per  cent  of  all  farms  Te)>L>r;>  <i  peadies.  Morgan,  Harri* 
son,  Washington  and  Jackson  counties  have  the  most  peach  trees  (81,000* 
45,000  each),  though  Brown  County  produced  most  peaches  in  1919.  Lawrence, 
Morgan  and  Brown  counties  have  most  peach  trees  not  of  bearing  uKe  i  V.K- 
000-30,000  each).  In  pears,  Posey,  Gihstm  and  Marion  counties  lead  with 
11,000-14,000  bearing  trees  each.  In  younger  trees.  Pike  County  leads  (7,000), 
with  Laporte,  Fayette  and  Lawrence  next  in  order  (1,600-2,000). 
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In  G2,000  bushels  of  cherries,  valued  at  1215,000  were  harvested  in 
Induaa.  Forty  per  cent  of  all  farms  reported  eherries  in  1920.  The  extreme 
northern  and  tho  southern  rounlies  srow  most  cherries.  Only  one  central 
eolintjr,  Marion,  had  over  2,700  bushels  in  1U20.  Klkhart  County  was  th« 
lead«r  with  S,SOO  hai^helfi.  but  Vieo,  Clay  and  Franklin  rank  hifrh. 


FIs.  10.  The  piDduetion  of  Apples.   Each  dot  reprMents  20,000  buahcU.  (From 
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The  utaliMlicK  for  VJVJ  and  lUOi>  ure  iiom  the  1920  cenfius.  Those  for 
1918  are  tnm  tiie  1919  IiMUana  Year  Book  {oflkdal). 

In  1919,  ■1.1'"^  of  all  farms  rcporlorl  tomators,  a  total  of  20,790  acres 
being  reported.  The  crop  wa«  valued  ut  nearly  two  million  dollars.  Seven 
eountieB,  mostly  in  the  central  part  of  the  itatc^  had  900  acres  or  more  in 
tomatoes  in  1918.  See  Fi^r.  11  for  diitrilmtioit  in  1909,  as.well  as  f w  the 
distribution  of  five  other  minor  crop.s. 


FIs.  11.  Distrltation  of  six  minor  eropa  in  1909.  Each  dot  rcMoM^ntii  a  total  of  hO  acrea, 
on  forma  npoitiiiK  oa  mm.  Notiee  tha  conoantntion  of  prodootion  of  mdoni  in  llio  loatli- 
woatani  port  of  ImfiaBo,  tlio  mriMat  md  tnnudMt  port  of  Uw  rtoto:  oniOM  art  sfbwb  cMofly 
ia  tko  coolwt  pott  of  the  aUte.  Paaa,  awoet  «om,  oad  tawotoaa  on  all  cUeOr  smwo  to  tlw 
eantfol  port  of  tfeo  atotOb  (From  O.  B.  Boker,  In  Finch  A  Bohai^o  43eoi(ropliy  of  World  A«ri> 
OBltuok  V.  8.  Dapotfanaat  of  Acrianltnsc^  lOlT.) 

Dom^Mic  Ammals.  In  1920,  96',/  of  all  farms  reported  domestic  animals, 
and  their  value  was  placed  at  about  one-fourth  hiUion  dollars.  Because  of 
the  extensive  cereal  and  forage  fanning,  horses  are  found  in  large  numb«rs, 

and  in  1920  were  of  greater  value  than  any  other  live  stock.  There  were 
71,000  horses  valued  at  sixty-seven  million  dollars  iti  1920.  The  distribution 
of  horses  is  widespread,  91%  of  all  farms  reporting  them.   However,  they 
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are  most  nuineroas  in  the  north-central  farming;  belt  (Fig.  12).  The  num- 
ber i^i  rapidly  flp<'rrasin>r,  havinp  been  reduced  one-half  between  1910  and 
1920,  according  to  a  press-bulletin  of  the  Census  Bureau.  This  decrease  is 
mostly  due  to  the  multiplication  of  avtoe,  trucks  and  tractors,  fhoui^  pwtly 
due  to  the  wnr  demands  for  horses  and  subsequent  slump,  and  also  to  the 
high  cost  of  hay  during  1916-20.  Not  only  are  horses  and  mules  raised  for 
local  use,  far  taaka,  like  the  working  of  wet  ground,  which  the  traekor  cannot 
perform  ;i<  \w\\.  but  many  arc  shipped  to  other  regions,  especially  the  south. 
This  is  pai-tly  a  result  of  favorable  climatic  conditions  for  rearing  colts  and 
partly  due  to  the  relatively  cheap  fodder  and  forage  available  in  Indiana. 
Mules  are  found  chiefly  in  the  southe  rn  portion  of  the  state,  Posoy  County, 
with  4,000,  having  the  most.  They  are  greiit  puUcrt:  and  sure  of  foot;  there- 


ric.  It.  Tte  diitslbntiMi  ct  Bunm  in  1*1%.  EmA  dnt  MPMnnU  MM  komt.   {Vmm  Bdw.) 

fore,  they  are  better  than  horses  ir  the  hilly  parts  of  the  south;  also*  the 
chief  market  for  mules  is  to  the  south  of  Indiana,  in  the  cotton  tields. 

In  Indiana,  cattle  rank  next  to  horses  in  value.  Indiana's  small  area 
pMvsnti  it  from  ranking  high  as  a  beef  producing  state.  However,  cattle 
were  reported  from  92%  of  all  the  farms,  and  had  a  total  value  of  nearly 
100  million  dollars  in  1920.  (Sec  Fig.  i:^)  About  three-flfth.s  of  the  cattle 
art-  (iaii  y  cows.  Dairying  is  carried  on  very  generally  in  the  state  and  the 
production  of  milk  reaches  a  larpre  total,  over  200  million  dollars  being 
reported  for  1919  by  the  fourteenth  census.  Dairying  is  most  extensively 
carried  on  in  the  northern  counties,  )>., rty  hccan-c  of  the  great  industrial 
cities  there  or  cIo-4o  at  hand.  Allen.  Porti  r  and  Lake  counties  each  produced 
between  five  and  live  and  one-half  million  gallons  per  year,  and  Elkhart 
County  produced  four  and  one-third  million  gallons.  The  only  other  counties 
producing  over  three  million  gallons  are  Marion  County,  in  which  Indianapolis 
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is  located  (foar  and  two-thirds  million  gatlons),  and  the  adjacent  Madison 
County  (four  and  one-fifth  million  ijallons). 

Tlie  rich  till  plain  of  the  central  poilion  supports  a  large  majority  of  the 
minfam  and  ft  liatf  cattle.  Forage  and  feed  are  espedally  abundant  here  and 
the  marlcet  is  dose  at  hand  in  the  nearby  industrial  cities. 

Strive.  In  1020,  Indiana  har!  noariy  four  million  hops  valued  at  approxi- 
mately sixty-three  million  dollars.  When  relative  area  is  considered,  Indiana 
is  seen  to  be  surpassed  as  a  hour  producing  state  only  by  Iowa.  The  importanee 
of  hops  here  is  rclatrd  to  the  prcatncsii  of  the  corn  crop,  the  larpe  local  or 
neighboring  market,  the  accessibility  of  packing  centers  in  Indianapolis, 
Chicago  and  Cincinnati,  and  to  the  exceptionally  good  railway  fadlitica.  The 
distribution  of  hogs  over  the  state  is  shown  by  Fig.  14. 


FIc.  It.  Tlw  diMrikutkm  of  Oattlt;  Baeh  dot  nprwMBU  S.OM  nltlo.   (From  Baker.) 

In  1920,  hogs  were  reported  from  84%  of  the  farms.  The  leading  counties 

were  Rush,  Boono  and  Henry,  with  from  86,000  to  102,000  hops  each.  Theso 
counties  are  not  far  from  Indianapolis,  an  important  packing  center.  It  will 
be  recalled  that  Rush  County  was  the  third  county  in  com  production  in 
1919.  The  two  counties,  Boone  and  Henry,  which  surpassed  it  in  corn  produc- 
tion are  both  nearer  to  Chicagx>  than  Rush.  In  the  region  near  to  Cliicago, 
the  market  there  for  com,  foi  use  in  com  products  and  other  human  food, 
raises  the  i)i'ice  of  com  sufficiently  so  that  hog  raising  is  less  certainly  proAtp 
able  than  in  counties  more  remote  from  Chirapo. 

I'oultry.  The  disttibution  of  poultry  is  moderately  dense  throughout 
Indiana.  They  are  reported  from  Vt'A  of  all  farms.  Poultry  is  of  far  greater 
value  than  the  sht  op  of  the  >tat« .  Chickens  number  sixteen  and  one-half 
million,  and  all  the  poultry  of  the  state  is  valued  at  |16,700,000.  The  northern 
oooaties  led  in  1920,  espedally  Allen,  the  largest  county  in  ttie  state  in  area. 
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SI'ii  jt.  Indiana  has  r>43,000  sheep,  valued  at  seven  and  one-half  million 
dollars.  The  five  counties  in  the  northeast  corner,  Lagrange,  Steuben,  Noble, 
Dekalb  and  Allen,  led  In  ^e  iramber  of  sheep,  havinff  respeetiTd^  trtm 
-84,000  to  16.000  each.  These  five  counties  produced  nearly  700,000  pounds  of 
wooL  See  Fig.  15  for  the  distribution  of  sheep  in  Indiana  in  1909. 

The  hills  of  Bonthern  Indiana  are  only  stiKhtly  less  suitable  to  riieep 

raisinfi  than  are  the  hills  of  nortlieastern  Indiana.  Many  more  sheep  should 
be  raised  in  the  south  than  at  present  The  great  drawback  is  the  many  sheep- 
UUing  dogs.  Such  dogs  have  been  an  important  factor  in  causing  the  marlnd 
decreaj;e,  since  1870,  in  the  number  of  -hr  c])  r:ii-(  rl  in  Indiana.  Indiana  had 
only  40%  as  many  sheep  in  1920  as  in  19U0.  Farmers  on  good  land  8p«id 
their  time  and  energy  raising  crops  and  hogs,  for  which  the  market  is  certidn» 


FIs.  14.   n»  ibtcltaUoB  of  Boci.   BBch  dot  tcprmbU  1,009  lM>gi.    (fnm  B*k»r.) 

and  the  profit  fairly  sure,  rather  than  bother  with  sheep,  which  may  be 
killed  by  a  dog  any  night.  Since  1870,  sheep  have  been  taiaed  in  larger  num- 
bers in  other  reprions,  especially  in  the  west  and  in  newer  countries,  such  at; 
Australia,  and  Argentina,  where,  for  one  reason  or  another,  they  can  be 
raised  mare  cheaply  than  in  Indiana. 

Recent  Changes.  Althouph  Indiana  is  one  of  the  older  states,  and  is 
undergoing  less  marked  changes  than  many  newer  states,  nevertheless  notable 
changes  have  occurred  in  recent  years.  Some  of  the  dianges  in  respect  to 
agriculture  are  the  follo\^ing:  There  has  been  a  progressive  decline  in  the 
percentage  of  the  population  living  on  the  farms.  In  1900,  65.7%  of  Indiana's 
people  were  "rural**;  in  1910,  57.8%;  and  in  1920,  49.4%.  It  must  not  be 
thought,  however,  that  a^^riculture  ha^:  declined  because  a  smaller  fraction  of 
the  people  are  on  the  farm.  With  the  help  of  labor-saving  machinery,  a 
farmer  can  work  more  land  than  formerly. 
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The  increased  imiioitanee  of  the  farm  is  illustrated  by  flie  increased  valve 
of  land — it  doubled  between  IPIO  and  1920,  and  has  tripled  since  1900 — of 
farm  buildings  and  equipment,  and  especially  of  crops.  The  crops  of  1919 
were  worth  two  and  a  half  times  as  much  as  the  crops  of  1909.  The  Tahie 

of  machinery  increased  fivefold  between  1900  and  1920,  and  the  value  of 
buildings  threefold.  Many  farms  are  well  improved.  For  instance,  27,000 
farms,  or  aboat  one-eishth  of  the  total  number,  have  electric  lifdits,  and  87,000 
farm  houses,  or  rn  arly  one-rtfth  of  the  totjil,  have  furnaces.  The  increased 
use  of  farm  equipment  is  also  illustrated  by  the  fact  that  2,700  farms  have 
milking  machines.* 

The  farm  land  itself  is  much  improved.  Miliion.s  of  acres  have  been  tile- 
drained  since  1900,  and  hundreds. of  thousands  id  acres  cleared  of  brush. 
There  was  a  4%  increase  in  llie  area  in  eraps  between  1910  and  1920.  Httdi 


FIs.  16.  Tlw  dittrllnitioii  of  Sheep.    Each  dot  repreaenu  10.000  iheep.    (Worn  Balwr.) 

more  fertilizer  is  also  used,  a  total  of  $8,000,000  worth  in  1919.  The  six- 
fold increase  in  rye  acreage  and  the  sevenfold  increase  in  barley  acreage  has 
already  been  mentioned.  On  the  other  hand,  there  has  been  a  decrease  in  the 
number  of  horses,  sheep  and  potatoes.  AccordinR  to  a  Census  Press  Bulletin, 
there  were  only  49%  as  many  horses  in  the  state  in  1920  as  in  1910.  Instead 
of  horses  there  were  about  ir>,onO  tractor.^,  17,00<)  trucks,  and  ir)0,000  autOS 
on  the  farms  of  Indiana  in  October,  192U,  according  to  an  oiticial  estimate 
(1920  Year  Book).  Ten  ymn  ago  there  were  few  of  these  substitutes  for 
the  horse  and  in  1900  practically  none. 

There  has  also  been  a  sli^t  decrease,  b'A ,  in  the  number  of  farms,  with 
a  correqwnding  slight  increase  in  the  size  of  the  farms. 

The  decrease  in  fruit  trees  is  marked.  Between  1910  and  the  1920  Census 
the  number  of  bearing  trees  fell  off  4U'/c  for  apples,  50'/o  for  peaches,  62% 

*lttO  Year  Uuuk  (omciai). 
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for  pears,  62 '/r  for  plums  and  41'A  for  cherries.  Grapes  al:io  have  decrea^ied, 
though  a  lesser  amount,  29%.  This  decline  is  ehkfly  du«  to  the  Introduetkii 
of  the  San  .lone  scale,  and  other  enemies  of  fruit  trees.  The  increased  com- 
petition of  areas,  in  other  states,  which  specialize  in  fruit  growing  is,  how- 
ever, another  important  factor. 

The  northern  two-tllirds  of  the  state  has  continued  to  gain  upon  the 
southern  one-third  in  importance.  A  century  ago  the  northern  two-thirds  was 
altogether  an  unimportant  agricultural  region  while  the  southern  third,  with 
its  river  highways  and  varied  topography,  was  by  far  the  most  important 
part  of  the  state.  With  the  coming  of  numerous  railroads  between  1850  and 
1870,  the  northern  part  of  the  state  secured  an  outlet  for  its  products  which 
was  far  more  satisfactory  than  the  rivers  of  the  south.   Witii  the  draining 


FIs.  IS.  Avcnae  vatae  of  «MP«  »er  men  ta  IMS,  swordlas  (»  fhs  IttO  Cmum,  tgp  cawntiM. 

White— IfM  thrnn  t».  MMk— tSO-lII. 

of  much  of  the  swamp  land  and  with  the  growth  of  industrial  cities  the 
central  and  northern  part  has  increa.scd  in  importance  until  in  1919,  the  erops 
of  the  northern  two-thirds  were  worth  uppro.ximately  five  times  as  much  as 
the  crop.s  of  the  southern  one-third,  or  nearly  twice  as  much  in  proportion 
to  ana.  The  average  value  per  acre  of  the  erops  by  counties  in  1919,  is 
shown  in  Fig.  16. 

CaArm  VI. 
TRANSPORTATION. 

Transportation  is  highly  important  in  Indiana  as  in  almost  all  otiier 

well  developed  regions.  Moreover,  during  Indiana's  history  there  have  been 
several  important  changes  in  chief  modes  of  transportation.    The  earliest 
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type  was  that  of  the  Indian  war  parties  and  of  French  explorers,  the  use  of 
the  natural  wutcn\'ays.  For  example,  many  Fnndl  explorers  found  the 
Maumee-Wubash  route  the  most  convenient  way  to  go  from  the  Great  Lakes 
to  the  Ohio-Mississippi  system.  Others  used  the  St.  Joseph-Kankakee  route. 
The  earliest  settlers  also  used  the  rivers,  especially  for  flat-boats  upon  which 
much  of  their  surplus  produce  was  carrie<1  to  New  Orleans.  Often  when  the 
crop  was  good  and  local  demand  was  small,  corn,  for  example,  was  worth  more 
than  three  times  as  much  at  New  Orleans  as  in  Indiana.  Hsaiee,  flat-twat 
transportation  was  encouraged. 

The  next  stage  in  the  ut>e  of  the  waterways  was  ushered  in  by  the  steam- 
boat. The  ftmt  steamboat  on  the  diio  appeared  in  1811.  The  first  «m  to 
ascend  the  river  from  New  Orleans  to  Cincinnati  did  so  in  1817.  Indiana 
rivers,  aside  from  the  Ohio,  were  too  shallow  for  extensive  use  of  steam- 
boats. However,  after  1823,  daringr  the  high  water  of  spring,  steamers 
ascended  the  Wabush  to  Lafayette  and  occasionally  to  Peru,  and  the  White 
River  to  Spencer.  The  flat-boat  era  and  the  steamboat  era  overlapped.  For 
example,  in  1828,  several  steamers  made  regular  trips  on  the  Wabash  while 
hun<ln  f!s  of  flat-boats  descendtil  it.  Often  heavy  loads  of  farm  produce  or 
lumber  were  taken  down  the  rivers  on  flat-boats  and  lighter  loads  of  manu- 
faetnred  prodnets  were  bronght  up  against  the  current  on  steamboats.  In  the 
first  three  decades  of  Indiana's  .-settlement,  from  1800-1830,  the  Ohio  and 
Wabash  rivers  were  immensely  important.  A  large  share  of  the  incoming 
settlers  eame  via  the  Ohio  River.  In  1880,  five-sixths  of  the  state'ft  populap 
tion  lived  in  the  southern  counties  (See  Fig.  18).  Most  of  the  residcnt.s  in 
.Muthem  counties  still  are  descended  from  pioneers  who  came  into  the  state 
from  Pennsylvania  and  Viririnia  mostly  by  the  Ohio. 

The  third  great  type  of  water  transportation  in  Indiana  was  more  pre- 
tentions, but  less  successful  financially  than  the  foregoing  types.  It  seems 
hard  to  realize  in  this  age  of  railroads  and  autos  that  Indiana  ever  was  as 
much  concerned  with  canals  as  was  tluj  i^a.se.  However,  from  1832  to  1849» 
and  locally  as  late  as  185.3,  many  miles  of  canals  were  constructed  in  Indiana. 
About  453  miles  of  canals  in  Indiana  were  nearly  completed.  Such  vast  funds 
were  appropriated  by  the  youn^  state  in  its  ambitious  program  of  canal 
construction — something  like  1,200  miles  of  canals  were  planned — that  Indiana 
was  almost  bankrupted  by  the  expenditures.  The  two  chief  canals  were  the 
Whitewater  and  the  W abash- Maumee.  The  former  was  commenced  in  1832 
and  the  latter  in  1831.  Fip.  17  indicates  the  location  of  these  canals.  Neither 
was  fully  completed,  and  both  were  dismal  failures  iinancially.  The  state 
lost  nearly  three  million  dollars  on  the  latter.  The  financial  failure  of  the 
canals  in  Indiana  was  due  to  a  combination  of  several  factors.  The  chief  of 
these  was  the  competition  of  the  railroad.  Had  the  canals  been  completed, 
a  few  deeades  before  the  railroada  came,  they  doabtless  would  have  paid 
well,  but  the  railroads  appeared  even  before  the  canals  were  completed, 
and  proved  so  superior  to  the  canals  that  the  latter  promptly  became  almost 
nsdesB.  Reasons  why  the  railroads  are  anperior  to  canals  indude: 

(1.)  The  railroads  can  be  u.sed  the  entire  year,  while  in  Indiana  most 
sections  of  the  canals  were  closed  a  considerable  period  in  winter  by  ice  and 
in  summer  by  low  water. 

(2.)  The  railroads  are  located  80  as  to  bring  their  freight  directly  to 
its  destination  while  the  course  of  the  canals  is  closely  determined  by  physical 
features.   It  was  impractical  to  construct  canals  where  there  was  greatest 
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Vlft  t7»   ShowiBC  tlM  locatioa  of  tiM  Wafauh-llMiniM  Gual  aad  WMl«rat«r 
of  Uw  NmIomI  RoMd  wid  other  xomim  immrUat  in  emrlr  thm   Tha  Ant  nllroad.  tint 
twecn  Madlaim  and  Indiuuipatla.  Mid  the  aeeimd.  tkat  telwcen  lAwrawelNii*  and 

are  also  shown.    Th«  county  lK>undnrif»  n re  as  of  18M.     (IlmlMd  from  Shoddtv'a 
£Mircy.  HUlory  of  Indiana.  Vol.  II.  1918.) 
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demand  for  transportation-  For  example,  the  chief  cities  of  the  sUte  were 
not  eoiuieeted  by  canals. 

(S.)  While  the  railroads  are  almost  stiaijrht  and  nearly  always  in  usable 
condition,  the  canals  were  crooked,  small,  often  inadtfjuately  supplied  with 
water,  and  frequently  clogged  with  veijetalion,  mud  and  gravel  washed  in  by 
floodi,  etc. 

(4.)  The  greater  speed  possible  upon  railroads  than  canals  is  one  of 
their  great  advantages.  In  case  boats  were  propelled  or  drawn  through  the 
canals  at  more  tiun  tiuee  or  five  niks  per  hour*  ttw  vaves  set  up  by  the 
passing  boat  ended  the  banks  badly  and  caused  landslides  and  other  damaging 

consequences. 

(5.)  Still  another  advantage  of  railroads,  is  the  ease  with  which  they 
may  be  approached  with  a  load  and  the  load  tramtferred  to  the  railway  earn. 

Many  canals  were  in  relatively  inaccessible  phices  at  the  base  of  Steep  sIopcS 
and  it  was  difficult  to  transfer  a  loaii  from  wagon  to  bnrjje. 

(6.)  Furthermore,  once  a  consignment  is  loaded  on  a  railway  car  it  need 
not  be  unloaded  until  it  reaches  its  destination  or  almost  there,  while  very 
little  freight  shipped  on  the  canals  or  rivers  could  be  brought  tO  its  ultimate 

destination  without  repealed  trans-shipment. 

Railroads  have  similar  advantages  over  river  transportation,  and  as  a 
result  of  the  abandonment  of  canals  in  Indiana,  clo.sely  ooincideil  in  point 
of  time  with  a  marked  decline  in  the  use  of  rivers,  wherever  railroads  were 
available.  The  above  mentioned  respects  in  which  transportation  on  canals 
is  less  satisfactory  than  railway  transportation  is  supplemented  by  still  other 
disadvantages  of  rivers,  such  a<  the  great  difficulty  with  the  current,  with 
floating  logs,  etc.,  and  with  muddy  water  causing  boiler  explosions.  Indeed, 
the  exten.sive  use  of  Indiana's  rivers  for  transportation  is  a  thing  of  the  past 
No  feasible  amount  of  improvement  of  our  rivers  will  lead  to  any  permanent 
extensive  renewal  of  their  usefulnci-s  as  highways. 

Although  the  canal  and  river  stage  of  transportation  was  thus  logically 

brought  to  a  dose  by  the  coming  of  the  railroads,  it  must  be  recognized  that 
in  their  day  they  were  highly  impoitant.  The  Wabash-Maumee  canal,  opened 
from  Toledo  to  Lafayette  in  1843,  and  to  Terre  Haute  in  1849,  was  especially 

important.  The  possibilities  of  this  canal  were  early  recogrnized.  Indeed, 
during  wet  years  the  portage  from  the  Wabash  to  the  Maumee  at  Fort  Wayne 
was  very  easy  and  short.  From  1800  until  1832,  when  it  was  commenced, 
there  was  much  discussion  a.s  to  the  desirability  of  the  canal.  It  was  pointed 
out  that  with  the  canal,  there  would  be  ready  communication  and  cheap  trans* 
portation  between  Indiana  and  the  Great  Lakes,  and  thus  with  the  east, 
after  the  Erie  Canal  was  openwl  in  1825.  Furthermore,  if  the  canal  was 
constructed,  Hoosiers  would  have  a  choice  between  the  eastern  markets  and 
that  at  New  Orleans.  Several  legislatures,  after  181G,  appeale<l  Lo  Congre.ss 
for  aid.  A  grant  of  $30,000  was  made  in  1824  for  a  .survey  and  preliminary 
work.  Digging  wa-  begun  at  Ft.  Wayne  in  1812,  and  slowly  extended  soutli- 
westward  along  the  Wabash  and  ea.stwaru  to  Toledo.  The  canal  was  com- 
pleted to  Evansville  in  1853.  It  had  a  depth  of  four  feet  between  Totodo 
and  Ft.  Wayne,  and  a  depth  of  three  feet  the  rest  of  the  way.  It  was  307 
miles  long.    Locks  admitted  barges  of  about  sixty  tons  burden. 
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Some  of  the  effects  of  the  canal  v.  rrc  the  following:  • 

I.  It  reversed  most  of  the  tiade  of  Middle  Indiana.   It  was  able  to  do 

this  because: 

(a.)  The  facilties  for  receiving  and  forwardindr  Rrain  at  Tdedo  were 
much  better  than  at  audi  Ohio  River  ports  as  Evansville. 

(b.)    The  frrlRht  rates  in  the  Great  Lakes  were  lower  than  on  the  Ohio 

and  Mississippi  rivers. 

<c.)    Prices  paid  for  farm  products  were  higiwr  at  Toledo  than  at  New 

Orleans  while  merchandise  cost  less. 

(d.)  There  was  less  danger  of  grain  being  injured  by  the  climate  while 
en  ronte  on  the  northern  route  than  on  the  southern.  The  wardunues  at  New 
Orleans  had  an  especially  bad  reputation. 

(e.)  It  took  much  longer  to  ship  grain  to  market  via  flM  Mississippi 
to  New  Orleans  than  it  did  via  the  Great  Lakes. 

(f. )  Finally.  New  York,  the  terminus  of  the  northern  route,  was  a  better 
market  than  New  Orleans,  the  terminu.>i  of  the  soutiiern  route.  In  brief,  it 
freed  much  of  Indiana  from  the  eoonmnic  domination  of  the  south. 

II.  The  second  frreat  effect  of  the  canal  wa.s  the  fact  that  it  raised  the 
j)ricc  of  farm  piodurts.  I'or  example,  at  one  point  wheat  went  from  forty 
centi>  a  bu.shcl,  in  18iU,  to  H-00,  in  1842,  after  the  canal  had  been  completed 
to  that  point.  On  the  other  hand,  the  price  of  salt,  one  of  the  heavy  imports, 
was  halvetl  in  the  same  inter\al  at  that  plaro.  .Xs  a  con-^tequence  of  hij^her 
prices  for  farm  products,  large  farms  tended  to  replace  small  clearings,  and 
mndi  wheat  and  com  were  raised. 

III.  The  canal  promptly  became  the  greatest  highway  for  .settlement  in 
the  northern  part  of  the  state.  Many  German  and  Irish  immigrants  came  in 
by  way  of  the  canal.  By  1840,  the  area  tributary  to  the  canal  had  a  popula- 
tion of  270,000,  while  before  the  canal  was  built  the  region  wa.s  almost 
unpopulated.  See  Fig.  18  for  charts  showing  the  spread  of  population,  1810- 
1880. 

IV.  The  canal  created  many  cities  or  gave  them  their  first  substantial 
g^wth.  Huntington,  Wabash,  Peru,  Ixigansport,  Pelphi,  Lafayette,  Coving- 
ton, and  Attica  are  examples.  Older  cities,  such  as  Ft.  Wayne,  Terre  Haute 
and  ESvan8ville»  were  much  hdped  by  the  canaL 

V.  The  surplus  water  power  developed  along  the  canal  Was  USCd  for 
manufacturing;  and  flour  mills,  .saw  mills,  etc.,  sprang  up. 

VI.  Partly  because  of  the  canal,  the  value  of  real  estate  and  personal 
property  increa.sed  rapidly,  and  hence  taxation  yielded  larger  funds  for  public 
enterpri.ses.  The  assessed  valuation  in  the  state  doubled  between  1840  and 
1850.  During  the  next  decade  it  increa.sed  two  and  one-half  fold,  but  much 
of  this  last  increase  was  due  to  the  railroads. 

The  traffic  on  the  canal  increased  until  18.16  and  then  declined  rather 
rapidly,  as  railroads  became  more  plentiful.  The  canal  was  abandoned  in 
1874. 

In  respect  to  land  transportation,  Indiana  has  gone  through  .several 
epochs  also.  The  first  was  the  use  of  trails  made  by  wild  animals  and 
Indians.    For  a  long  time  pack  horses  and  saddle  horses  were  far  more 

*  Butd  OB  a  toetui*  deUvcrMl  Juijr  XI,  1S14,  by  Ifarlui  H.  Burrowa.  ProfcMor  9t  Gcae^ 
noky.  UUwntir  of  CW«— w. 
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common  flun  wheeled  vdlkles.  However,  early  in  the  nineteenth  century,  the 
ftdera!  government  began  to  encourage  road  building.  Wben  Indiana  was 
iulmitt(  fl  as  ;i  statr.  in  it  was  provided  that  five  per  cent  of  the  receipt* 

from  the  sale  of  public  lands  was  to  go  into  road  building.  The  state  expended 
most  of  this  fund..  By  1820.  twenty-six  roads  were  projected  to  connect  the 
older  towns.  Five  radiated  out  from  Indianapolis.  By  1835  about  two  thirds 
of  the  state  was  fairly  well  supplied  with  state-built  highways.  Upon  .several 
of  the  niMre  imporUnt  of  these  roads,  stage  lines  were  maintained  until  the 
coming  of  the  railroad.  For  example,  in  1820,  a  line  between  Louisville  and 
St  Louis  via  Vincennes  was  put  into  operation.  In  1826  a  line  between 
Madison,  then  an  important  river  port,  and  Indianapolis  was  opened.  The 
passenger  fare  was  six  and  one-fourth  cents  per  mile.  In  \H^2,  there  was  a 
stage  line  from  Indianapolis  to  Dayton,  Ohio.  The  location  of  several  im- 
portant roads  is  shown  in  Fig.  17. 

Not  only  did  the  state  build  many  highways,  but  the  federal  governm«it 
built  the  famous  National  Iload  across  Indiana.  It  had  reached  Wheeling, 
W.  Va.,  in  1817;  Richmond,  on  the  cuiitei-n  border  of  Indiana,  in  1827;  Indian- 
apolis in  1834;  Terre  Haute  in  1888-1848,  and  Vandalia.  lU.,  in  1852.  This  road 
wa.s  well  built.  The  roadway  wa.s  eighty  feet  wide;  the  road  it.self  was  nO-40 
feet  wide,  and  was  macadamized  with  ten  inches  of  crushed  stone,  the  culverts 
and  bridges  were  of  masonry.  The  road  was  very  important  before  the  coming 
of  the  railroad.?.  Althouph  it  has  been  graded  to  St.  Louis,  the  National  Road 
was  not  surfaced  much  beyond  the  Indiana  boundary  because  railway  exten- 
sion overtook  it  when  it  had  been  completed  to  Vandalia.  The  federal  gov- 
ernment turned  the  road  over  to  the  several  states  crossed,  in  1848.  Indiana 
in  turn  gave  the  road  to  private  companies  which  were  to  maintain  it  for 
the  tidls  received.  However,  most  of  these  companies  relinquished  thdr  claims 
by  1860. 

Another  impnitant  biirhway  was  the  Michigan  Road,  begun  in  1828  and 
extending  from  Madison  tu  Indianapolis,  Lognnsport,  South  Bend  and  thence 
to  Michigan  City.  (Fig.  17.)  It  was  paid  for  by  the  receipts  from  the 
sale  of  lands  donated  to  the  state  for  that  purpo.se. 

From  1845  until  1879,  road  building  was  largely  a  private  or  county 
proposition.  Many  turnpikes  were  built  upon  which  a  toll  was  charged.  In 
1879,  howevei-,  the  system  of  free  road.s,  built  or  supervised  by  the  county 
road  commi.ssions,  was  inaugxiratcrl.  During  recent  years  the  state  has  taken 
increased  interest  in  roads,  paying  for  its  share  from  the  automobile  license 
fees,  bidiana  now  has  about  78,000  miles  of  public  road,  of  which  81,000  or 
42.5%  are  surfaced.  Only  one  state,  Massacbusetts,  had  as  large  a  percentage 
of  public  roads  surfaced,  and  Mas.suchu^ctts  being  a  much  smaller  state,  had 
less  than  one-third  as  many  miles  as  Indiana.  The  high  rank  of  Indiana 
in  surfaced  roads  is  related  in  part  to  the  niimoious  on'rrops  of  limestone  in 
Indiana,  especially  in  the  western  and  southern  parts  of  the  state.  Glacial 
gravds,  abnndant  in  the  Talleys  of  rivers  which  flowed  out  from  the  melting 
lee,  is  also  much  used  as  a  surfacing  material  in  parts  of  the  state. 

The  railroad  era  in  Indiana  was  commenced  in  1847,  with  the  completion 
of  the  railway  from  Madison,  on  the  Ohio  River,  to  Indianapolis.  By  1850, 
there  were  seven  lines  with  a  total  of  228  miles  of  railroads  connecting 
Indianapolis  with  Terre  Haute  and  Lafayette  as  well  as  with  Madison.  The 
mileage  at  certain  other  dates  is  given  in  Table  3. 
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TABLE  8. 

Jtatfwov  «RifMV«  for  IniiamA  in  spttified  ftarst  1860  to  1918. 

(Fram  Statistical  Abstract  of  U.  S.»  1920.) 

1850   228     inil«8  1900  6^70.61  miles 

1860  2,163     miles  1910    7,420.14  miles 

1870  8,177     miles  1917  7,486.86  miles 

1880  4;n8     miles  1918  7,410.70  miles 

1890    6,971.08  miles 

From  1850  to  1860,  more  than  $84^000,000  wc  re  invested  in  Indiana  rail- 
ways, nnd  a  total  of  2,163  miles  was  comjileted.  Since  that  docade  railroad 
bailding  has  been  less  rapid  but  has  continued,  as  the  forc^ing  table  shows, 
until  the  present  In  1920,  there  were  about  thirty-four  operating  and  eleven 
tenninal  companies  having  over  7,200  miles  of  main  track  and  in  addition 
enough  secondary  track  and  side  ti-ack  to  bring  the  total  to  over  13,000  miles. 
The  chief  companies  and  their  mileage  of  main  track,  acoording  to  the  1919 
Official  Yearbook,  is  given  bdow.  « 


StMim  Railroad  Mileage  of  Indiana  for  1919. 


Road  MUeage  of  Main  Track 

Chicago,  Terre  Haute  &  Southeastern   207.8 

Central  Ind.  Ry.  Co   117.7 

Cheapeake  A  Ohio  of  Ind.   227.6 

Chicago  &  Erie  R.  R.  Co   160.1 

Chicago  &  Eastern  111   379.6 

Chicago,  Indianapolis  A  Louisville.   608.1 

Chicago,  Terre  Haute  &  Southeastern   207.8 

Cincinnati,  Indianapolis  &  Western   154.4 

Evansville  A  Indianapolis   134.0 

Illinois  Central   175.5 

New  York  Central   46.->.0 

Big  Four   803.8 

Lake  Erie  &  Western   446.0 

New  York,  ChicaKo*&  St.  L«uis   204.1 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  1,477.8 

Toledo,  St.  Louis  &  Western   171.1 

Waba.sh,  R.  R.  Co   351.1 

Lesser  Lines   578.7 


Total  7,196.7 

Indiana  is  comparatively  well  supplied  with  railways.  Only  six  states  of 
the  Union  have  more  miles  in  proportion  to  urea  than  has  Indiana,  and  only 
two,  New  Jersey  and  Penn.sylvania,  have  notably  more. 

Not  only  doe.s  Indiana  stand  high  among  the  states  in  regard  to  .■^team 
railroads,  but  il  i-  rich  in  regard  to  electric  ititiMUiban  lines.  The  first 
interurban  in  Indiana  wa.s  that  from  Ander.son  to  Alexantlna,  lust  operated 
on  January  1,  1898.  The  first  to  reach  Indianapolis  did  so  in  1900.  In  the 
fidlowing  decade  many  lines  were  built.  By  1906  Indianapolis  liad  nine  inter- 
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urbsn  lines  in  operation  and  three  m^re  were  under  construction.   Now  she 

.  has  thirtron  lines.     (See  Fir.  15>.) 

Since  IS^ll,  the  electric  ^yttem  has  continued  to  grow,  but  at  a  much 
slower  rate.  In  1920,  there  were  2,420  miles  of  main  tniclc,  ninety-one  miles 
of  second  track  and  eiRhty-nine  miles  of  side  track.  Upon  thesse  were  operated 
1,920  passenger  cars,  uiiU  freight  and  440  other  cars.  The  lines  centering  in 
Indianapolis  are  united  into  four  companies,  the  Ft.  Wayne  and  Northern 
Indiana  Traction  Company,  the  Interstate  Public  Sej  vice  Co..  the  Terre  Haute, 
•  Indianapolis  &  Eastern  Traction  Co.,  and  the  I'nion  Traction  Co. 

Indiana  is  a.s  well  served  b>  electric  intciuiban  railways  as  any  other 
large  state  in  the  Unian.  Indeed,  Indianapolis  claims  to  he  the  worid's  greatest 


FIk.  is.   SkeWe  TnterBftoiw  of  fnitma  fai  1920. 

Fix.  20.    Chnnuc  In  total  ponulntkMi  Mwmi  IS90  and  1920.  Iqr  eonnt>a.   White  coantln 


interurban  center.   Although  the  intciurbans  arc  popular  and  important,  they 
have  not  been  financially  very  siteeessfnl  in  recent  years.  They  have  earned 
fair  returns  on  the  actual  investment,  but  the  profits  are  hardly  enough  lo' 
attract  capital  into  further  expantiion  of  the  system. 

The  electric  interurban  has  fcund  that  its  buriness  has  been  largely  to 
carry  passengers,  especially  those  who  desire  to  ride  les.s  than  fifty  milis; 
for  beyond  that  limit  the  superior  comfort  and  »pced  of  the  steam  railway 
coaches  cannot  usually  be  overcome.  It  is  generally  conceded  that  the  inter^ 
urban  has  failed  to  solve  the  f.uostion  of  local  transportation.  Hauling  to 
the  road  and  delivering  from  the  terminal  station  makes  it  necessary  to 
handle  freight  at  least  four  times.  This  gives  a  gi-eat  advantage  to  the 
automobile. 
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Thus  we  are  introduced  to  the  la.st  great  stage  of  transportation  in 
Indiana,  the  present  type.  The  auto  now  supplements  the  railway,  the  inter- 
urban  and  the  wagon.  For  local  tn'dic  it  is  t'op  mo>t  important  of  all.  There 
are  now  more  than  400,000  antos  in  the  state.  Vast  quantities  of  freight  are 
earried  in  the  common  auto  while  an  ordinary  auto  truck  will  haul  three  to 
five  tons  nt  a  rate  of  fifteen  to  twenty  mile-  ])t  r  hdur,  picking  Up  the  fteight 
in  the  field  and  delivering  it  to  the  tinal  destination. 

ClIAlTKK  VII. 
POPULATION. 

The  total  population  of  Indiana  was  2,S)30,U90  in  1920.  It  has  increased 
steadily,  thou^  at  a  dedininK  rate  since  1820.  There  were  about  twenty 
times  a.s  many  people  in  Indiana  in  1920  as  in  1820,  and  about  twice  as  many 
as  at  the  close  of  the  civil  war.  The  increa.~e  of  1920  over  I'JIO  was  8.5%. 
Table  4,  below,  gives  the  state's  population  by  decades,  according  to  the  four- 
teenth census,  together  with  the  aheolote  and  relative  increases  over  the  pre- 
ceding decade. 

TABLE  1. 

Indiana's  Po/tulation  hif  Ihcadei*, 


Total  po|>ulaltoii  aB'.i  incretim-  (loiii  IHUU  to  1V30. 


I'tapubitkHi 

laeiMW  «v«r  PimmUw  C«Om» 

IVr  wni  i>f 
laercaaefor  I'.H. 

NdBiber 

Par  mt 

i.m.m 

221>..'>H 

8  5  • 

u.e 

i»io   

2,700.»7e 

tH4.41l 

7  3 

II  .0 

TiKKI   

2,5I<.462 

.T.M.aVH 

14  » 

M.7 

IS'lll   

2U.i(r> 

10. K 

It.* 

297. ftW 

17.7 

M.I 

1^:M   

1,680,«a7 

330.W» 

24.5 

22  S 

1  ■*>.'!  

I.3S0.42X 

3«2.0I2 

a«.6 

U.S 

lS.ill   

9SS,  n»i 

303. .UO 

44.1 

35  g 

IMO     ...  ,  

:M2,Ki5 

9«  9 

32.7 



343 

1U.8S3 

133.1 

13.5 

IICI)    

U7.m 

ia.1 

INIO.  

M.UO 

3M.r 

3«.4 

IHW  

5. Ml 

It  will  be  noted  that,  since  1870,  Indiana's  population  increased  more 

slowly  than  the  averapc  for  the  cntiic  Tnitrd  State.<.  In  the  decade,  l'.)00- 
1910,  it  increased  at  only  one-third  the  rate  of  the  countiy  as  a  whole.  In 
the  last  decade,  however,  the  inerea.>«  was  somewhat  more  rapid»  bdng  about 
Wt  a.s  rapid  as  that  for  tlie  United  States  a>  a  whole.  The  variation.*;  in 
the  rate  of  increases  are  due  to  two  sort^  of  conditions.  In  the  first  place, 
as  any  population  increases  in  numbers  its  percentage  increases  tend  to  decline. 
For  f  xan.plc,  an  increase  of  122,000  between  1810  and  1820,  when  the  state's 
population  was  small,  meant  a  percentage  increase  of  bWA ,  while  an  increase 
of  more  than  twice  as  many  people,  now  that  the  state's  population  is  appzoxi- 
mately  three  million,  means  a  percentage  increase  of  only  about  one-ftftieUi 
bs  much,  or 

The  seoond  great  reason  tdiy  Indiana's  increase  has  declined  has  been 
rdated  to  the  greater  development  of  other  parts  of  the  nation,  newer  states. 
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or  states  which  have  developed  more  rapidly  indu'^trially  than  has  Indiana. 
The  (jreater  increase  during  the  hist  decade  than  during  the  preceding  one, 
while  the  country  as  a  whole  incrca.scd  far  less  rapidly,  doubtless  is  related 
to  the  fact  that  Indiana's  industrial  development  during  the  decade  1910-1920, 
was  quite  rapid.  However,  Indiana  lanks  lower  amonp  the  states  in  popula- 
tion than  since  1840,  when  it  was  tenth  state.  In  1850  it  ranked  seventh, 
from  1860  to  1880  it  ranked  .sixth,  in  1890  and  1900  it  ranked  ciphth,  and 
in  191U,  ninth.  Fi;;.  20  shows  the  counties  which  have  gained  or  lost  in  popu- 
lation since  1890. 


/^/o  y&so  y&3o  y&^o 


/sso         y^&o  /syo  /S&o 

Tie.  18.    Sjircnd  nf  |>o|iu)Hlir>n.     IV|>1h  i>f  xliHtliiii;  imlirnlis  ilrn.'^ity  of  ixipulHtinn. 

Pensity  of  Population.  In  1920,  Indiana's  population  represented  an  aver- 
age of  81.3  persons  per  square  mile.  In  den.sity  Indiana  ranks  eleventh  among 
the  states.  The  average  density  here  is  slightly  over  twice  the  average  for 
the  United  States  as  a  whole,  but  only  about  one-eighth  of  that  of  Belgium  and 
one-fifth  of  that  of  Britain.  Table  r>,  below,  shows  the  density  by  decade* 
since  1880. 

TABLE  5, 

Dcn.tHy  nf  Pnpitltiliou  hy  Dcciuirs  Since  IHSO. 


Year  Indiana  United  States 
1920  35.5 
1910  74.d  30.9 
19O0  70,1  25.6 
1890  21.2 
1880                                  954  16.9 
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The  density  of  population  varies  among  the  counties.  Marion  County,  in 
which  Indianapolis  is  located,  had  876  persons  per  square  mile  in  1920,  while 
Brown  County,  with  no  city  and  only  a  few  miles  of  railroads,  had  only  21.7 
persons  per  square  mile. 

^  Tig.  21  shows  the  average  density  in  1920  by  counti«s.  It  will  be  noticed 
that  the  twenty-seven  counties  havinj?  fewer  than  forty-five  persons  per 
square  mile  occur  chiefly  in  (a)  the  rougher  southern  half  of  the  state; 
(b)  the  almost  strictly  rural  flat  land  in  the  northwest  quarter,  where  corn 
thrives,  but  where  neither  coal  nor  oil  is  present  to  encourage  industrial  devel- 
opment, and  (c)  the  extreme  northeast  corner,  in  the  morainal  portion  of 
the  8tat«,  north  of  the  main  east-west  railroads,  and  their  great  industrial 
cities. 

On  the  other  hand,  sixteen  counties  have  more  than  ninety  persons  per 
square  mile.  Ten  of  these  are  found  on  the  borders  of  the  state,  partly  near 
Chicago  and  partly  in  the  coal  region  of  the  southwest.  The  other  six  coun- 
ties are  in  the  east-centrul  portion,  chiefly  in  or  near  the  eastern  oil  and  gas 


FUr.  21.    Drnrity  of  ri>i>uliiliim  in  1»->n.  hy  muntici>.     Wh!t«=2l-4S.  diirkciit=9Q-«7'. 
Fin.  22.    Chanirp  in  Hural   t'riimlntion,   1910-19'JO.  by  countica.     All  shaded  countirx  Itmt, 
mrnc  as  much        29  X. 


region.  They  form  a  loop  with  Marion  at  one  end  and  Cass  at  the  other,  with 
Howard,  Grunt,  Delaware  and  Madison  between. 

In  respect  to  density  of  population,  many  counties  have  lost  since  1900. 
Of  the  ninety-two  counties,  sixty-four  decreasetl  between  1910  and  1920,  while 
only  twenty-tight  increa.sed.  Between  1900  and  1910,  fifty-six  counties  lost 
while  thirty-six  gained.  Fig.  22  shows  the  gain  and  lo.ss  in  rural  population 
by  counties,  1910-1920.    Five  counties  have  lost  more  than  19%  each  and 
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three  others  more  than  15%.  On  the  other  hand,  only  six  counties  have  gained 
in  mral  population  as  intidi  as  6%,  and  only  two  of  the  six  have  gained  as 
much  as  loVf  (Blackford  and  Vermillion). 

Rural  Population  vs.  I'rbau  Pojiulatioii .  More  than  fiOv  of  Indiana's  pop- 
ulation now  lives  in  cities,  and  towns;  slightly  over  one-half  living  in  cities  of 
over  2,500,  and  nearly  one-fourth  living  in  cities  of  over  60,000.  Tabla  $, 
bdmr,  shows  the  distribution  of  population  in  this  respect  for  1890-1920. 

TABLE  6. 

l-rbati  and  Rum!  Populatiun. 


Year 

Total  Pop. 

UriMB  and  BraaO  Tttwu 

Arietly  tlanl 

.Nunilwr 

Per  cent 

Nunilwr 

I'rr  rt-nl 

IM  

t  tao.iw 

1.777.742 

«.7 

i.m.Ms 

Wl 

ms  

2,700.87« 

1  1.441.;t23 

SS  S 

I,2.WI.,W» 

4«  S 

2.Jil6.4«2 

i.i:!ti.ivs.i 

44.8 

1,3,MI.77!) 

i5  2 

UN  

2,Iin.W4 

1  816,382 

X7.2 

1.377.042 

«2.8 

This  table  reveals  a  rapid  increase  in  urban  population  and  a  rapid 
deerease  in  rural.   Indeed,  the  number  of  people  on  the  farms  has  dedined 

absolutely  since  1890.  This  doc-  not  mean,  of  rour.'-e,  that  the  pro<luctivity  of 
the  farms  has  declined.  Rather,  it  means  that  with  the  help  of  labor-saving 
maehniery,  a  faimer  can  handle  more  land  than  fomerly.  While  the  rural 
population  was  10%  smaller  in  1920  than  In  1890»  the  urban  population  has 
nearly  doubled. 

Cities.  In  1920,  Indiana  had  ninety-eight  cities  of  2«600  or  more.  The 
thirty  largest  are  given  below,  with  the  percentage  of  increase  of  19!S0  over 
1910. 

TABLE  7. 
The  Larger  Citiea  in  1920. 


Pomkths 

3I>,1M 

M.S 

16. 

m.M9 

38.4 

17. 

N£.2«(t 

22  4 

IS. 

7o.i»a 

32  2 

lit. 

«S.9U 

13  6 

1  20. 

M.SM 

31. 

36.IQ4 

S2.3 

1  22. 

3«.WM 

72  I 

1  23. 

xs.m 

8K.3 

24. 

30.067 

76.8 

i  2i. 

19,767 

as.4 

1  26. 

2«.TW 

19  9 

'  27. 

24,277 

2S  9 

I  28. 

23.747 

IK  H 

,  29. 

22.9Ki 

10  3 

1  30. 

% 


1. 
I. 
i. 
«. 
i. 
s. 

7. 

H. 

0. 
10. 
II. 

13. 
13. 
II. 
li. 


FoftWawa*. 

Kt-nmi  villi* 
Knuth  B«'nd 
Terro  Uwite 

Owy  

Muarie.   

Hammond. . 

KllMt  fill 

Kokomo 
AadcfWM. .. 
Riehmand 
Elkhart 
Marion 
New  AlbMy 


L>iky«ll«  

TiotMMport  . . . 

Mirhiitiin  f'ity. 

Mtsluiwaku .  . . 

Laporte  

NewoaMh*   . . . 
Huntincton 
I'cru  . 
Bloomiaguw... 

Kfaridbrt  

CliatM  

Whitinc 
Crmwtords  villa. 
JoffanoavUla. . 


22.4M 
21,626 
19,457 
17,210 
1«,I9S 

u.lis 

U.4«S 
14.000 
13  .Ml 
1I.S9» 
II.MS 

w.ias 

10.140 
10.139 

i«.on 


10.6 
11.9 

2  2 
13  4 
31.1 

as.o 

M.S 
3t.S 

U.l 
31.7 
35.« 
«S.t 
3S.0 
76 
3.0 


It  win  be  noticed  that  the  cities  fall  into  five  »croup3.  (1)  IndianapoUs, 
the  capital  and  chief  city,  nearly  four  times  as  larfro  n-^  the  second  city. 

(2)  Cities  in  tireatcr  Chicago  (Gaiy,  Hammond,  East  C.icago,  Whiting). 

(3)  Cities  in  the  northeastern  industrial  area,  on  the  railroads  between  Chiiaigo 
and  the  ea.^^t  (F'ort  Wayne,  South  Bend,  LaPorte,  MichiR:an  City).  (4)  Cities 
in  the  coal  field.s  (Evansville,  Terre  Haute,  Vincennes,  Clinton).  (5)  Cities 
in  the  oil  and  gas  fields  (Mnnde,  Kokomo,  Richmond). 
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In  the  decade  1910  to  l!t20  the  cities  of  the  northern  half  of  the  state 
grew  more  than  those  in  the  southern  half.  Ft.  Wayne  paissed  Evan&ville. 
South  Bend  puaed  Terre  Haute,  Gary  grew  notmbly  and  became  the  sixth 


Flit  tS. 

city,  although  it  wok  laid  out  only  in  1006.  Fig.  23  is  a  graph  showing  bjr 
the  steepness  of  the  rise  of  the  lines  the  rate  of  pfi-owth  of  several  cities. 

The  development  of  Indiana's  cities  has  been  brought  about  by  a  number 
of  intere.^itinK  factors  and  so  a  brief  sicetch  of  each  of  the  larjjor  thirty  citiM» 
of  1920,  will  l>e  given.  The  arrangement  is  alpliabeticaL  All  but  eight  are 
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county  seats,  and  four  of  these  eijrht  are  parts  of  Greater  Chicago  (Gary, 
Hammond,  Whining  and  Eajst  Chicago).  The  other  four  exceptions  are  Elk- 
hart, Miehigaa  CHy  and  Ifishawalai,  on  railroads  not  far  east  of  Chieaso, 
and  finally,  Clinton,  a  mininp  city  in  Vermillion  County.  The  four  cities  near 
Chicago  (Gary,  Whiting,  Hammond  and  East  Chicago)  are  the  only  ones 
besides  Laporte,  which  did  not  exist  before  the  cominK  of  railroads.  Now, 
however,  all  are  conspicuous  as  railroad  centers.  Several  of  the  thirty  owe 
their  start  or  their  early- growth  to  the  Wabash-Maumee  Canal,  for  example, 
Ft.  Wayne,  Huntington,  Pern,  Logansport  and  Lafayette.  Terre  Haute  and 
Evansville  also  were  much  affected  by  the  canal.  The  Cumberland  National 
Road  was  important  in  the  early  development  of  Uichmond,  Indianapolis  and 
Tene  Haute.  The  discovery  of  oil  and  gas,  in  1886-87»  in  the  eastern  oil 
fkMf  stimulated  powerfully  the  growth  of  several  cities  indeed  converting 
some  villages  into  important  cities.  Examples  are  Mmieie,  Kokomo,  Richmond, 
Peru,  Marion,  Anderson  and  Newcastle. 

ANDERSON.   In  18S6,  the  county  seat  of  Madison  County  was  moved 

from  Pendleton  to  Anderson,  the  site  of  an  old  Indian  villagre.  It  is  situated  in 
the  old  gas  region  (1886)  to  which  it  owes  it  early  rapid  growth.  It  manu- 
faetures  glass,  iron  and  steel,  tin  plate,  paper,  automobiles,  tractors  and 

wagon  and  carriage  wheels. 

BLOOMINGTON.  In  1818,  the  first  lota  were  so^d  for  the  site  of  Bloom- 
ington  at  the  head  of  Clear  Creek,  in  Monroe  County.  In  1824,  the  State 
University  was  opened  with  twenty  students  for  the  first  session.  Bloomings 
ton  owe.s  much  of  its  growth  to  the  University  and  to  the  stone  quarries. 
However,  in  recent  years  it  has  become  notable  for  its  furniture  factories. 
It  is  claimed  that  in  1!)20  Bloomington  had  one  of  the  largest  kitehen  cabinet 
factories  and  furniture  factories  in  the  nation. 

CLINTON.  The  town  of  Clinton  was  laid  out  in  1824,  and  named  in 
honor  of  DeWitt  Clinton,  Governor  of  New  York.   Its  first  growth  was  very 

^low.  Indeed  many  residents  tradefi  chiefly  :it  Torre  Haute,  fifteen  miles 
away.  The  early  industries  were  pork  packing,  dealing  in  grain,  coal  and 
wood,  and  wagon-making.  All  of  these  closed  down  during  the  Civil  War 
and  never  reop 'ne<l.  Present  industrial  pstabli>hments  produce:  Paving  brick, 
overalls  and  shirts,  canned  vegetables,  ice,  hardwood,  lumber,  etc.  Coal  mining 
is  the  chief  industry.  Coal  is  found  one  mile  from  the  city  and  has  been 
worked  successfully  for  many  years. 

CRAWFORDSVILLE.   In  Crawfordsville  was  located  on  the  Wabash 

River  in  Montgomery  County.  It  was  an  early  railway  and  turnpike  center. 
There  are  mineral  springs  of  medicinal  importance  here.  There  is  an  abun- 
dance of  limestone,  sand  and  brown  sandstone.  It  manufacture:  wiro,  nails, 
matches,  pressed  brick,  boxes,  sheet  metal,  castings,  clay  and  tile  products, 
and  vehidea. 

£A57  CHICAGO.  (Indiana  Harbor),  on  the  shore  of  Lake  Michigan 
is  near  the  center  of  the  extensive  industricii  covering  the  Calumet  region 
of  Indiana.   It  was  founded  in  With  the  building  of  the  Chicago  and 

Calumet  Terminal  Railway,  in  1888,  manufacturers  came  here  in  search  of 
cheap  factory  sites  outside  of  the  great  city  of  Chicago,  yet  in  ready  communi- 
cation with  it.  The  harbor  and  canal  constructed  in  1901-03  have  been  im- 
portant factors  in  the  development  of  East  Chicago.  The  dty  is  noted  for 
its  inm  and  steel  manufacturing. 
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EIXHART  is  beautifully  located  on  the  Si.  Joaeph  River  in  Elkhart 
County.  Manufacturing  is  favorcfl  by  the  water  power  developed  by  both 
Elkhart  and  St.  Joseph  rivers.  It  mutiulucture.s  wufcons,  musical  instruments, 
sUtreh  and  paper.  It  is  a  great  commerdal  and  railway  emter,  being  fhe 
terminus  of  three  railway  divisions.  The  machine  shops  of  the  Lake  Shore 
and  Michigan  Southern  Railroad  are  located  here  and  give  employment  to 
abovt  ftfleen  handled  railroad  men. 

KVANSVILLE  was  founded  in  1812.  The  geographic  conditions  affect- 
ing the  choice  of  thia  lite  are  said  to  have  been:  (1)  The  recognition  that 
it  was  faTorably  located  to  serve  as  a  river  port  for  Vineennes  and  oQier 
interior  towns,  as  well  as  of  a  promising  rural  district  near  at  hand.  (2)  Good 
mill  sites  were  available  on  Pigeon  Creek  here,  and  at  that  time  of  costly 
transportation  it  was  considered  very  desirable  for  a  city  to  have  water  power 
enough  to  run  a  flour  mill.  The  river  commerce  was  considerable  for  several 
decades  after  the  establishment  of  the  city,  but  it  grew  slowly,  and  was  not 
incorporated  until  1847.  However,  with  the  arrival  of  the  Wabash-Maumee 
Canal,  in  1853,  the  city  had  a  boom  and  increased  three  and  one-half  foh! 
in  population  between  18.')0  and  1860.  The  growth  of  the  city  attracted  rail- 
lOads.  Indeed,  the  Hrst,  the  Crawfordsville  and  Evansviile,  arrived  in  1850. 
Soon  after,  it  had  several  lines  and  became  the  second  city  in  tiw  state  in 
population.  It  held  this  rank  until  the  11120  rensu>  It  is  the  metropolis  of 
the  southern  coal  fields  and  also  does  considerable  manufacturing  of  lumber, 
fomitiirei,  flour,  tobaeoo  and  leather.  It  also  has  slaughtering  and  packing 
industries,  foundries  and  machine  shops. 

FRANKFOETt  county  seat  of  Clinton  County,  was  settled  in  1830,  and 
incorporated  in  1848.  It  was  named  after  the  capital  of  KniUielcy.  The  city 
grew  slowly  until  1870,  when  the  first  railroad  entered.  It  is  surrounded  by 
rich  agricultural  country,  and  its  manufacturing  plants  produced  products 
valued,  in  1919,  at  over  six  million  dollars.  The  principal  articles  mami* 
factured  are  kitdien  cabinets,  plumbing  flxtui  es,  enameled  advertising  signs, 
porcelain  refrigerator  and  stove  linings  and  table  tops,  ash  and  hickory 
handles  and  wire  wheels  for  automobiles.  The  Clover  Leaf  Route  has  its  prin> 
cipal  shopa  here  and  thice  other  railroads  and  two  intemrban  linee  serve 
the  city. 

FT.  WAYNE.  In  1794,  the  military  post  of  Ft.  Wayne  was  erected  at 
tiie  head  of  the  Maumee  River.  In  1815,  a  fur  trading  station  was  established, 

and  it  was  for  many  years  one  of  the  principal  depots  for  the  fur  trade.  Its 
early  growth  was  due  to  the  Wabash-Maumee  Canal,  which  was  commenced 
here  in  1832.  It  was  a  eommereial  center  for  flat  boats.  With  the  coming 
of  the  railroads  the  "Summit  City"  became  the  great  railroad  center  of  north- 
em  Indiana.  It  became  the  state's  third  city  in  size  in  1870,  and  the  second  in 
1920.  Ft  Wayne  lies  in  a  great  i^eultural  region,  is  the  eenter  of  the 
electric  railways  of  northern  Indiana,  and  manufactures  car  wheels,  engines, 
bar  iron,  wagons,  electric  apparatus,  hosiery,  knit  goods,  cotton  goods,  pianos 
and  Edison  Masda  lamps. 

'  GABY.  The  city  of  Gary  at  the  southern  end  of  Lake  Michigan  was 
made  to  order  by  the  United  States  Steel  Corporation.  Until  April.  1906, 
the  regrion  was  a  waste  of  sand  dunes  interspersed  with  marshes  and  ponds. 
Thxee  years  later  there  was  a  great  steel  plant,  onploying  10,000  men,  a 
Vlendid  artifldal  hailNMr  and  a  modem  city.   By  1914,  Gary's  popolatiim 
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was  40,000  and  in  1920,  55,000.  Gary  has  the  five  txquirements  for  the  estab- 
liahment  of  an  faidustry-capital,  labor,  raw  material,  transporfatkui  faelUtifla 
and  market.  There  is  a  ^ood  artificial  harbor  with  a  ship  canal  a  mile  long 
connected  with  it.  Thus,  iron  ore  from  the  Lake  Superior  region  is  acc^ 
sible.  It  has  many  of  Chicago's  irreat  railroad  facilities  for  obtaining  eoal 
from  the  Indiana  and  Illinois  coal  fields,  and  the  Chicapo  labor  majket.  Gary 
is  famous  for  iron  and  sted;  however,  other  products,  as  cement  made  from 
furnace  slag,  and  atttomobiles,  are  of  importance.  Its  excellent  school  system 
is  not  less  worthy  of  mention. 

HAMMOND.  The  original  town  of  Hammond  was  laid  out  in  1875.  In 
1888,  shipping  by  boat  was  abandoned  because  of  the  competition  of  railroads. 
Now  Hammond  is  a  great  railroad  and  commercial  esntsrt  having  eleven  trunk 
lines,  seven  belt  lines,  and  three  electric  lines,  and  many  manufacturing  estab- 
lishments, producing  chiefly  manufactures  of  steel,  however,  other  industries, 
such  as  canning,  slaughtering  and  meat  packing,  are  also  of  importance. 

HfXTlXaTOW  In  1831,  the  first  white  settlement  was  made  at  Flint 
Springs,  the  site  of  Huntington.  The  supply  of  pure  water  and  the  absence  of 
undevbmsh,  because  of  \he  ground  for  many  rods  around  the  springs  was 
white  with  flint  rock,  made  a  favorite  campiiij;  place  for  traders,  prospectors 
and  adventurers.  In  1834,  it  became  the  county  seat  of  Huntington  County. 
Upon  the  arrival  of  the  Wabash-Maumee  Canal,  large  wardiouses  were  built, 
and  there  was  a  heavy  boat  trade  in  lumber,  prain,  etc.  In  1848,  the  town 
was  incorporated  and  in  1865  the  Toledo,  Wabash  and  Western  Railroad  was 
built.  The  seemd  railroad,  the  Chicago  and  Erie,  arrived  in  1882  and  ereated 
a  mild  boom,  as  the  car  .shops,  round  house  and  division  headquarters  were 
located  here.  The  chief  manufacturing  is  lumber,  staves,  spokes,  carriage 
materials,  plow  handles,  barrels,  hoops,  lime,  shoes,  gas  engines,  bicycles  and 
pianos.  Limeatotte  is  also  quarried  in  this  region. 

INDIAN APOrJS  was  selected  by  the  General  Assembly  of  1820  to  be- 
come the  state  capital  and  the  sale  of  lots  began  in  1821.  The  capital  was 
moved  frrnn  Corydon  in  1825.  The  dty  had  an  average  growth  of  50%  each 
year  from  182f;  wh<  n  it  had  a  population  of  600  until  1866.  The  Cumberland 
National  lioad  reached  it  in  1835.  Its  growth  is  due  to  its  central  location 
and  to  its  being  the  state's  copitaL  The  generally  level  surface  facilitates 
railroad--.  The  ladiation  of  railroiKl>,  interurbans  ami  road.s  in  all  directions 
makes  it  accessible  from  all  directions.  It  is  near  the  coal  field,  is  near  the 
center  of  the  "pork"  and  hardwood  region,  is  in  a  ridi  grain  region,  and  is 
in  or  near  the  most  direct  line  of  communication  between  seaboard  and  the 
Mississippi  Valley,  the  Great  Lakes  and  the  South.  In  1914  it  had  996  manu> 
factoring  establishments  employing  .31,000  persons,  and  manufacturing  prod- 
ucts having  u  value  of  140  million  dollars,  according  to  the  special  Federal 
census  of  that  year.  Now  it  is  claimed  to  have  700  separate  industries.  It 
is  the  great  bakery  center  of  the  state,  has  flour  mills,  makes,  milling  machin- 
ery, steel  and  iron  Implements,  automobiles,  dothing,  tractors,  ceppar  prodoctsi 
tin  plate,  etc. 

J h'FFh'HSON  \  J LLL'  was  founded  in  1802  and  was  promptly  made  the 
county  seat  of  Clark  County.  It  is  said  the  city  was  frfanned  by  Thomas 
Jefferson.  Between  .lefTei  sonville  and  Louisville  the  Ohio  River  is  relatively 
narrow  and  is  conitned  in  a  gorge  below  the  falls,  hence  it  was  relatively  easy 
to  bridge  it  there.  The  fint  bridge  across  the  Ohto  was  made  here  in  1870. 
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There  ii  manufacturings  of  railway  ears,  steamboats,  and  machinery,  iron  and 

oil  stove  factories,  clothinfr  and  also  a  pork  packing  plant.  The  JefTersonville, 
Madison  and  Indianapolis  R.  II.  Co.  i^hops  and  car  works,  two  ship  yards, 
Ohio  Falk  Car  Co..  tiie  Southern  Car  Co.,  the  State  Priaon,  and  the  Depot  of 
the  Quartermaster  Department  of  the  JJ.  S.  Army  are  also  located  here. 

KOh'OMO  was  located  in  1844  in  a  swamp  covered  with  dense  forests. 
Mosquitoe.'^  and  malaria  were  the  bane  of  the  city.  It  grew  .«lowly  because 
the  heavy  timber,  underbru.sh,  and  swampy  soil  retarded  growth  and  in  1852 
it  had  a  population  of  only  I'i'l.  A  railrnad  arrived  (the  Indianapolis,  Peru 
and  ChiciiiTo)  and  the  city  was  incorporated  in  1855.  Natural  gas  was  found 
in  1887  and  soon  after  Kokomo's  industries  included  paper  mills,  Int  woiks, 
lumber  mills,  and  plants  manufacturing  rubber,  potterj',  stoves  and  ranges, 
plate  glass,  automobiles,  woven  wire,  clothing,  paper  from  straw,  brass  and 
•tdite.  The  last  is  used  for  maldnfr  ptrints     cutting  tools. 

LAFAYETTE  was  founded  in  1825  upon  the  terraces  of  the  Wabash  River 
in  Tippecanoe  County.  Its  early  growth  was  due  to  the  fact  that  it  was  at 
the  head  of  navigation  on  the  Wabash  River.  It  was  made  a  port  of  entry 
on  the  Wabash  Canal  which  reached  this  point  in  1843  and  .soon  outstripped 
less  favorably  located  neighboring  towns  such  as  Crawfordsville.  Not  long 
after  this  it  became  a  railroad' center.  It  manufactures  wagons,  farming  im- 
plements,  wire  goods,  bridBes,  hoainy,  bicycles,  hard-wood  lumber,  electric 
meters,  .steerintr  pears,  safes,  and  strawboard.  It  is  also  a  meat  packing 
center.  The  railroad  repair  shops  located  here  give  work  to  many  men.  Pur- 
due University,  the  state  college  of  agriculture  and  meehanie  arts,  is  located 
here,  as  is  a  federal  agricultural  expprimpnt  station. 

LAI'ORTE,  laid  out  in  1833  and  incorporated  in  1854,  is  a  manufacturing 
and  railroad  center  twelve  miles  from  Michigan  City,  in  Lapotte  County.  It 
manufactures  farm  machinery,  vehicles,  woolen  goods  and  bicycles.  Pine  Lake 
Assembly  is  a  popular  summer  resort  near  the  city. 

LOGANSPORT.  In  1828  a  fur  trading  post  was  established  between  the 
Wabash  and  Eel  Rivers,  and  named  in  honor  of  Captain  Logan,  a  Shawanee 
chief,  who  lost  his  life  while  attesting  his  fidelity  to  the  white  people.  Its 
early  growth  was  due  to  the  coming  of  the  Michigan  Road,  the  Wabash  Canal 
and  the  RichUHmd,  Newcastle  and  Lake  Erie,  and  Wabash  and  St  Louis  Rail- 
roads, Logansport  being  at  a  point  where  the  main  line  of  travel  crossed  fhe 
Wabash.  The  water  power  derived  from  Eel  River  made  it  a  manufacturing 
town.  Here  are  located  machine  shope  of  the  Pennsylvania  Railroad,  several 
automobile  factories,  and  limestone  quarries,  the  stone  from  wUeh  is  used  in 
manufacturing  quicklime  and  also  for  building  purposes. 

MARION.  The  city  of  Marion  was  founded  in  1881»  and  named  in  honor 
of  the  Revolutionary  general,  Francis  Marion.  The  most  important  early 
industry  was  a  ginseng  factory.  Later  a  tannery  was  built  which  supplied 
leatiier  for  the  settlers'  boots  and  shoes.  In  1886  natural  gas  was  discovered 
and  Marion  rapidly  became  a  manufacturing  town,  making  glass,  iron,  paper 
and  furniture.  More  recently  it  has  done  much  canning  of  vegetables  and  is 
also  a  eanter  for  automobile  manufacture. 

MICHIGAS'  CITY  was  laid  out  in  1831.  It  has  a  fair  harbor  and  has  lake 
commerce  between  Chicago  and  other  lake  cities.  It  is  the  terminus  for  two 
railways  and  is  served  by  another.  The  early  growth  of  Michigan  City  was 
due  to  its  location  on  Lake  Michigan.  It  manufactures  clothing,  fttrniture,  and 
steam-railway  cars.  One  of  the  State  Prisons  is  located  hare. 
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MISHAWAKA  is  an  Indian  name  iManing  "the  town  of  big  rapids", 
which  was  applied  to  an  Indian  villafre,  near  the  bis:  rapids  in  the  St.  Joseph 
River.  The  city's  growth  has  been  largely  dependent  upon  the  water  power. 
From  1833  until  1856  bog  ore,  obtained  from  a  swamp  south  of  the  town,  wu 
stmelted  here.  Upon  the  exhaustion  of  the  bog  ore  in  I8f)6  pig  iron  was 
shipped  in  by  rail  to  a  foundry  in  which  plows  and  cultivators  were  made. 
This  foandry  was  one  of  the  effective  forces  in  building  up  Mishawaka.  Some 
of  the  present  indui<tries  manufacture  hydraulic  cement,  furniture,  wagons, 
axles,  refrigerators,  woolens,  windmills,  axes,  paper,  wood  pulp,  pumps,  flour, 
fdt,  putty*  harness,  fumitore,  carpets  and  steehyaid  products. 

MVNCIE  was  located  in  1825.  The  name  i^^  a  corruption  of  that  of 
an  Indian  chieftain  of  a  neighboring  tribe.  In  1837  the  roads  from  Ohio  to 
Indianapolis,  Richmond  to  Logansport,  and  Newcastle  to  Ft.  Wayne,  one  to 
Pendleton,  and  one  to  Delphi,  were  built  thru  Muncie.  The  discovery  of  oil 
and  gas  near,  in  188(5,  leH  to  a  rapid  increase  in  wealth  and  changed  Muncie 
from  a  commercial  into  a  manufacturing  city.  At  present  it  is  a  great  inter- 
urban  center  as  welL  It  manufaetiures  automobile  parts*  wire  and  wire  fenc- 
ing, steel  and  iron  goods,  machinon,'  tools,  tin  plate,  paper,  gloves,  canvas 
and  boxes.  Its  chief  factories,  however,  manufacture  glass  fruit-jars.  Indeed 
Mvneie  prodnoes  a  large  share  of  the  Ball  Mason  Jars  made  in  lids  section 
of  the  country.  The  Eastern  Division  of  the  State  Normal  Sebool  is  loealed 
here. 

HSW  ALBANY  was  laid  out  in  1813  across  the  Ohio  from  Louisville.  It 
has  a  beautiful  situation.  The  nearby  "knobs"  are  celebrated  for  their  supe- 
rior  quality  and  abundance  of  peaches,  pears,  plums,  apples,  grapes,  rasp- 
berries. New  Albany  has  had  the  advantage  of  river  transportation,  and  is 
a  good  railroad  center.  It  has  become  a  manufaetaring  city  of  some  conse- 
quence and  makes  plate  glass,  furniture,  woolen  and  cotton  goods,  clothing, 
and  leather. 

NEWCASTLE  is  in  a  good  agricultural  section,  and  is  a  good  commer- 
cial and  railroad  center,  havintr  hcvoral  railroads  and  interurbans.  It  pro- 
duces furniture  and  automobile-  and  is  also  noted  for  rose  culture. 

PERU  was  started  in  1827  and  like  several  other  towns  along  the  Wabash- 
Maumee  Canal  it  had  »  very  rapid  growth  at  first  In  1887  a  small,  but  rich, 
oil  field  aided  it.s  dovclopmont.  There  are  large  quarries  of  limestone,  much  of 
which  is  burned  for  quicklime  and  also  is  used  as  a  flux  in  the  blast  furnaces 
of  Chicago.  Several  railroads  have  their  repair  rinqps  located  here  alaa. 

RICHMOND  was  located  on  Whitewater  River  in  1816.  It  was  settled 
largely  by  the  Society  of  Friends.  In  1822,  it  had  factories,  several  stores, 
and  two  newspapers.  Its  early  growth  was  partly  due  to  the  Whitewater 
Canal  and  the  National  Road.  Richmond  is  surrounded  by  a  rich  agricultural 
section,  has  ample  railroad  facilities  and  is  a  commercial  and  manufacturing 
city.  It  is  noted  for  the  manufacture  of  farm  implements,  pianos,  caskets, 
carriages,  furniture,  and  the  growing  of  greenhouse  flowers.  Earlham  Cdflege 
is  located  here. 

SOUTH  BEND  was  established  in  1823  as  an  outpost  of  the  fur  trading 
post  at  Ft.  Wayne.  Its  early  growth  was  stimulated  by  the  Michigan  Road. 
The  Sk  Joseph  River  brought  commerce  from  the  Great  Lakes,  and  furnished 
water  power  for  mills.  South  Bend  has  considerable  manufaetttriag.  In 
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18S2  Studebaker  Brothers  started  a  wap'^n-smith  shop.  In  lOOi  they  produced 
more  than  one  hundred  thousand  vehicles.    Some  uf  the  present  manufactures 

of  ?oiith  Bend  are:  harnessps,  automobiU s,  iron  products,  plows,  stoves,  clover 
hullers,  Singer  sewing  machines,  varnish,  woolen  underwear,  and  folding  paper 
boons. 

TERRK  HAVTK  was  founded  bf  pioneers  from  more  southern  portions 
of  Indiana  in  1817.  The  name  signifias  high  land.  Its  early  growth  was 
stimulated  by  the  National  Itoad  whidi  reached  ft  in  1888,  and  the  Wabadi- 

Maumee  Canal  which  reached  it  in  1849.  It  is  situated  near  the  center  of 
the  Indiana  coal  field,  and  the  cheapness  of  fuel  along  with  the  good  railroad 
facilities  have  attracted  manufacturing.  The  rapid  growth  of  the  city  from 
1900-1905  was  partly  due  to  the  distilleries  and  breweries,  the  river  bottom 
lands  furnishing  the  necpssar>'  large  supplies  of  com.  It  is  noted  for  the 
manufacture  of  sewer  pipes  and  paving  bricks  from  shale  for  gli^ss,  enameled 
ware,  iron  and  steel  implements,  wheels,  paper,  flour,  confections,  and  men's 
clothing.  Mining  of  real  is  a  chief  industry.  Slaughtering  and  meat  packing 
arc  al.so  engaged  in.    The  State  Normal  School  was  establi.shed  here  in  1867. 


VINCKW'h'S  is  the  oldest  continuous  settlement  in  Indiana.  In  1860  a 
French  trndiuK  post  and  military  station  was  established,  in  1702  a  permanent 
mission,  and  in  1705  a  regular  trading  po.st.  Vincennes  has  had  a  slow 
giowth.  The  capital  of  Indiana  Territory  was  located  here  from  1800-13,  in- 
creasing its  growth  considerably,  and  it  was  a  severe  Mow  to  the  town  when 
the  capital  was  moved  to  Corydon.  It  is  in  the  center  of  a  fine  timber,  coal 
and  agricultural  region,  and  has  several  roOiag  mills,  and  glass  factories. 
Vincennes  is  the  hnsinees  center  of  the  Illinois  and  Indiana  coal  and  south- 
western oil  fidd.  The  first  sdiool  founded  in  the  state,  Vineouies  University, 
is  still  flourishing. 

WHITING.  In  1889  the  Standard  Oil  Company  established  the  immense 
refinery  and  storage  system  at  Whiting.  It  is  located  between  Lakes  Wolf, 
George,  and  Michigan.  In  1874  it  was  es^blishorl  as  a  little  station  on  the 
Michigan  Southern  Railroad.  It  has  now  become  one  of  the  greatest  petroleum 
refineries  in  the  world,  if  not  actually  the  greatest.  Pipe  lines  lead  to  it  from 
Texas,  Okla!inmn,  Kansas,  and  from  Ohio  and  Pennsylvania,  and  also  con- 
nect it  with  the  Atlantic  coast  at  Jersey  City. 

Racial  Complexion  of  Population,  Most  of  the  people  of  Indiana  are  old- 
time  Americans.   According  to  the  phraseology  of  the  Census  reports,  nearly 

four-fifths  of  the  people  were  "native  whites  of  native  parentage"  in  1910 
yitdla  13%  were  "native  whites  of  foreign  or  mixed  parentage".  Nearly  6% 
were  fordgn-bom  and  2%  were  negroes.  The  percentage  of  foreign  bom 
probably  decreased  between  1910  and  1920,  tho  the  figures  are  not  yet  avail- 
able. The  percentage  of  negroes  increased  notably,  there  having  beta  a  north- 
ward migration  of  southern  negroes  during  the  World  War.  In  only  one 
county.  Lake,  in  whidl  Gary,  Hammond,  East  ('hicago,  Indiana  Harbor,  etc., 
are  locited.  is  the  percentaire  of  foreign  born  high.  In  li'Kl  it  made  up  be- 
tween one-third  and  one-half  of  the  ceunty's  population.  Laporte  County, 
adjacent,  had  between  IG^r  and  25'/f  of  its  populatlMi  foreign  born.  There 
were  only  six  counties  in  1910  in  which  the  percentage  of  tho.se  who  were 
fordgn  bom  and  native  bom  having  one  or  both  parents  bom  abroad  together 
comprised  as  mudi  as  one-fourtli  of  the  total  populatioti. 
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Of  the  native  American  population  four-fifths  in  l!>in  were  born  in  Indi- 
ana  and  one-fifth  born  outside  of  the  state.  More  than  half  of  the  nesTOes 
residing  hi  Um  state  in  1910  mre  bwa  in  lome  other  stat*.  Of  the  state's 
foreign  bom  in  1910,  the  eottntry  of  nativity  was  as  follows: 

Oenmeir         VJ  r      \i^nv.,         :  ,      I^ntbad...  .  e  ^     luly   4<;     tfweilcB   2'» 

HwsMy   rt     IralwKl   7%     RuMtt.-   CMwda          4";     Seotlud. . . .  rz 

Table  8,  below,  taken  from  the  13th  Census,  sums  up  the  color  and 
nativity  of  the  population  by  decades. 


TABLE  8. 


Color — Nativity — Parentage. 


Total  Nombor 

P>r  Cant  of  Total 

1910 

1930 

law 

1910 

I90O 

IMO 

Total   

While  

ChiMM  

Komen  Horn  ,   

T<it«l  Sntivp  Wbito  

ViHm 

White   ,  

Whil«  

Hmfom  

2.700.870 
2.«3».Mt 
«0.3» 
279 
270 
» 

l.W.tiiU 

.'.4'>«».t"a9 

.'.IW.OSJS 
2lt.00K 
i:».543 
IM.322 

l.l«,K35 
1.195. 026 
48.425 
M4 

1.544.11(15 
11, DM 
Sll 

2.S16.44I2 

2,M8.5n2 

2*3 
207 

s 

2.:i;».:itl 

142.121 

-.'.aifi.ttii 

1,W.'.I9I 

il.'i.T'^'i 

Itl.Slil 

M>2.IW9 
H20  lis 
43.274 
227 

I,li3»i.3l4 
U.I3I 
288 

2.192.404 

2.I46.7J* 
1*4.1.21.5 
|343 

r  "8 

2.04«.I!W 

2,000,733 
l.tllC.WN 
1S9.22« 
li;i..V» 
146.003 

.SflO.OTO 
2lii.S3U 

m 

10,378 

m 

....  .  . 

100 
97.7 
2  2 

Urn 

Ixem 

U«  1 
5  9 
91  8 
78  9 

7  K 

9  9 

lOD 
•J  7 

too 

99  2 
'  Urn 

100 
97  7 
2  .! 
Iluta   1  al 
UlM  .1  of 

thw  tor 

94.4 
5  A 
92  1 

77  A 

K  « 
5  It 
5  0 

ion 

M  1 
4  9 
UlM  .1  Of 

100 
99  1 

UlM  tof 

100 
^97.9 

'.0.1 
«  7 
91  3 
77  4 

H  0 
5  2 
«  7 

100 
'.tt.l 
4.9 

»  • 

10') 
99.0 
1.0 

1% 

In  respect  to  the  percentage  of  her  population  bom  in  foreign  lands,. 

Indiana  ranked  thirteenth  amon^ir  the  states  in  liHO.  The  .states  that  had  a 
smaller  percentage  were  nearly  all  southern  iitato.<,  where  there  has  been 
only  a  slight  industrial  development.  As  to  iminiiy  of  birth,  Indiana  ranks 
hi(;he.st  in  regard  to  the  number  of  Au^itro-Hungartans  and  Germans.  Of  both 
of  these  nationalities  only  eleven  states  have  more.  Fourteen  stat<!s  have 
more  Irish,  eighteen  have  more  English  and  Scotch,  nineteen  more  Italians, 
tW)Nlty*one  more  Ru.-^.'^ians  and  twenty-five  states  have  more  Scandinavians 
and  Canadian  .  Tabic  D.  below,  (rivos  the  number  of  foreign  bom  in  Indiana 
by  country  of  birth  at  the  ceniius  of  lUlO. 
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TABLE  9. 


Ftrcign  Bnrn  Population.  Distributed  According  to  Country  of  Birth. 


im 

Country 

1910 

Fnslan<l                        .  , 

9.7H.1 

^pain  

  40 

Irrinfxl       .    ......  ... 

  ll.JtW 

Italy  ...  

ft.lHI 

."^foilanil.  ..  .... 

.........      ...  3M9 

liumia  

-   1t.S9« 

...  i,m 

rinlunil . . 

  21i 

N<ir»:«y  

..      ..  -     .....  .«! 

.\uxlruk   

..       ..  11.R31 

.Si>'v<i<'n    ...  . 

...  

..   14. .170 

Dmtnark  ..  .... 

Kouiiiiinin 

7»» 

Ni'ilii-ilunrI*     .  .... 

.-.    .    ,          2.  lai 

RuUiiiiLa 

,  .             .  434 

lli-lKium 

.    .  2.J1W 

Hvrhia   

.    ...    .......  m 

I.uu-riiliurK   

II 

M<H)Ufuiini 

  4S 

(;«"rni!toy   . 

  62.17» 

  2.274 

Swilii'rIanH    . . 

2,;«5 

.    1.370 

Fnini'r 

 2,:vw 

<  >tlirr  Kunipi'nns 

.  «2 

l'urtux;il              .  , 

.  .....   ,    ....  « 

Krtucti  Conacliur 

.  .   i.  Tit 

( iihrr  C'niuirli:ui».     .  .. 

India 

I* 

NVM'f4;unill>j>i|   ....     ..  . 

....    Il» 

  «» 

f'uba   

  ....  W 

Other  .Vituinx             .  . 

  30 

()th«T  \Vo"«  la-liiM 

M 

.Mricn 

  29 

\I«-<i<i>  ... 

A7 

.\ujitrulia 

  4S 

Central  Arnoriri 

. . .      ...       . .  7 

.Atlnntir  litlaadfl 

  ....  1 

S<iutli  .\iii«>rir:i 

.    .  M 

Pari  lie  IhIiuiiIm   

..   1 

Jup-iJI 

.   ...   .  41 

Othi-r  CouBtriiw   

   B2 

Chini 

liW 

Uorn  at  .Sm  ....  . 

.  .  .    m; 

Tittul  Kor«>i^  UoiB  I'ofnilatiaii.     169,663 


Chapter  VIII. 

MANUFACTURING. 

Durinjj  rcrcnt  tiecade.s  manufacturing  has  become  important  in  Indiana. 
Table  10,  below,  jfives  many  facts  from  the  Federal  Censuses. 


TABLE  10. 

Summary  of  Manufnetitreit  in  Indiano. 


ItMM  1 

IWKI 

1<II4 

iai« 

\uriilmi  111  f'ntnl>li«litiii<ntji 

7.II-H 

l.'MW 

s,«e2 

7.9l« 

Priipriftont,  liriii  mi'inlicr!* 

M'.ll  1 

7  1174 

7.2211 

ti.7<»'* 

•Salanpd  i-mployM^ 

It.st,' 

is. MS 

4.i.Tn: 

Wait''  **an>«*n. 

I.»I.174 

l<Mi.si«4 

ly7.-VM 

■J  77.. '."It 

T<iImI  eniployiH* 
I'nmno'  norw"  powtT 

I7rt,-J-'; 

:'is,jf,;i 

.'33.270 

:):«!.  M.S 

;tw).7.'is 

iU3.:J77 

7«).7IW 

I.IHk.'i.WlJ 

ratutai  invi-iat'tj,  io  $l,0(M) 
■Stkheainiil.  in  fl.UOO                  .  . 

3 12.071 

1.-135.714 

l.'t.OLMI 

L'b.:ii)i 

s.i,ii: 

Waaim  pniil.  in  f  1 .01)1) 

72.05'* 

W.SIIi 

317.041 

<'<«>t  ol  .Uult  rml.  in  tl  .(KK) 

22«,.ill7 

4J.1,Wi7 

1,171. Ml 

\'«iuc  of  prolurljf,  Id  II  .000. 

.'.Tli.O-.-, 

730, 7Hr. 

I.V«.7.M 

Vnlur  aililivl  l>y  mnnufiif-t'irr,  in  II, (KM) 
for  tvnt  locraaae  in  valur  u(  prixliiriK. 

17.1.447 

:*u.7iiii 

.MHI,tl3S 

iJ1.S02 

lli  •< 

47  0 

■M  i 

I.W  S 

Pit  «mt  incrrane  wajwn 

10  •> 

1 
) 

21  1 

itA  <» 

Indiana  ranked  ninth  uiiiun^  thi;  states  in  manufacturing  at  tho  ltl2(> 
Cen.-iU.-*.  It  had  ranked  8th  in  11)1(1.  Thr  moio  important  industi its,  the  value 
of  the  pro<iuct.s,  and  Indiana's  rank  ainoim  the  .-^tale.^  in  lespect  to  the  indu.>;- 
try  are  priven  in  Table  11,  below,  which  i.s  ba.<p<l  on  the  Statistical  Abstract 
for  11)20,  the  Statistical  Atlas,  and  recent  ])ublications  of  the  Census  Bureau. 
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TABLE  11. 


Leading  JuduMtrisB,  Value  af  ProdueU,  Indktna'a  Rank* 


liw  tm  miniao,  r 
1914  S4  millian.  I 
IWV      30  million, 

2.   Autoinobilm  aod  puuf 

1919   1179  million,  tiuik  J 
I9U      29  million,  luak 
im     Mmi]liin.nHk  4 
im      3  milKM,  iH*  7 

9,  U.  Cnrx.  rppnirM,  ii»p.— 
1911*  %W  milliuo.  nuik 
1914  4:1  iiiilli.m.  ritnk 
1909  tnil  iMk  6 

IS99       10  luilliua.  ruik  S 

4.  Hkuthtflftaiiad  Mart  Ftak* 

inn— 

1919  1134  million,  nuik  9 
1914  51  million,  rank  » 
1009  47  milUun.  r;ink  ^> 
1899  45  million,  mnk  .1 
C.  PcMUldryaiid  MachinoShun— 
1919  tm  millioa,  rrnnk 
1914     4S  uilliom  rule 

40iiiilliiw.  nak  10 
M  miUiM.  nnk  10 

0,    |jumlK»r    itn<l    !(•«  Mnnuf'if 
tu  ri-1  — 

1919  SaO  uiillion.  runk 
1114     43  millioa.  nude 

4S  miUioa.  nok  U 


7,  FhrnraadOriatMilb- 

1919  t7S  millirm.  rtmk 

1014  ^'  nullum,  luiik 

IttOU  41  million,  rank  H 

Ilt99  2H  millian,  rank 

8.  Eieetricnl  UaehiMa— 

mo  m  wOKm.  nwk 
mi      Ofliaikio.  nok 

1  mUliiB.  nak  8 
I  nUlimi.  mk  • 


0.  Buttar. 


10. 


11. 


 OandMMwl  Milk  and 

1910  t33  million,  lank 

1914  V  milliuB.  rank 

laOU  4  inillion.  nink  15 

\SVi  I  iiiillion.  nink 

AKticulUiml  ImpU-iiii-ni*— 
1919    132  millioa.  rank  3 
J9I4      13  millioa.  rank  .1 
1909      14  million,  lank 
I'riDtinc  ttii<l  l*ul>li!<liiiut— 
1911)     (31  million 
17  million 
14  million 


1914 
1909 


IflO 

1914 

1900 

Hnki'rim 
1919 
1914 
l«W 
IIM 


130  milliiMi, 
U  millian, 
10 

4  minkia 


14.  rmuiinK  nod  PrBBe»»UMt— 
IUI0    tix  millkNi,  rank 
1914       14  million.  n>nk 
1909        9  iiiiUion.  r^ink  D 
1X99        3  million,  r.ink 

U    riolhinc,   Umiilv  M.ul.-  - 
1919     t27  milliun.  ruok 
lOM     10  miliioii,  nak  10 
1801     10  nUlta.  nak 

l«.  Kubbw,  Una,  Me,— 
1919    ttl  millin 

|C||4        6  millinn 

17.    Cttrrmgi'!' iin-l  WiiKona — 

1919  116  million,  runk 
1914  23  milliun,  lunk 
l«W  n  miUkn.  nak  3 
10  1 


19. 


20. 


SI. 


rank 

 ,  ntnk  ^ 

nUUo^  rank  10  »• 


25. 


27. 


Coppar,  Tia,  Braw.  otn.— 
T9I9    tl«  millioa 

1914  10  millioa 
1909        7  millioa 

I'aptT  and  \Vi«>.l  I'ulp  - 
lUnt     tl'i  inilh.iti 
1914        0  iiillliun 

1909      5  millioa 

DniKi*.  fir.— 

I»l<i     $14  million  . 
1914        6  million 
■WW        4  iiiillitia 
CVnirol— 

1919    113  millkn 
1914      10  I 
1809  7 
Brick  and  Tili;-- 

1019  $1.1  million,  rank 
1914      9  millMn.  laak 

aimttni.iarii  0 
3  miniMi,  Tank  0 
Qaa  ((iompstir  ami  pommcr- 
ciul  I 

1919  113  millian.  rank 
1914  6  milUon.  rank 
1909       3  million,  rank  19 

GoafactiuaK  nail  In-  Cream— 
1019    *ll  million,  rank 
1914       5  million,  mnk 
1909        .1  million,  rank  13 

HoaiMyanil  Knit  CixkIs— 
1010  010  millioa.  rank 
ION  4  millioa.  inak 
1900       2  million,  rank  10 

I>«tliiT  .tnil  I.fanInT  Gfiocla— 
1919  flO  millioa 
1911  e  millioa 
1909  «  millioa 
-Tobacco  MnnufaMona— 
1919  tlO  millioa 
1014  0  millkn 
1800  4 


TABLE  12. 

Production  of  Lumber  in  Indimna  in  Bmiena  of  Board  Feet, 


l§80 
1890. 


9I« 
707 


1900 
1900. 


554 


I'llO 


42,1 
.35S 


1018. 
1010. 


350 

m 


TABLE  13. 

Production  of  I'ig  Iron  in  Indiana  in  MUlionx  of  Ton*. 


19W. 


.6 
I.O 


1912. 
1014. 


1.7 
1.0 


1914. 
1018. 


3.0 
S.O 


1910 


2.1 


Indiana  ranked  third  among  the  states  in  1914  and  fifth  in  1919. 


TABLE  14. 

Production  of  Crude  Petroteum  in  Thoueande  of  Barrel*. 

IglO. .    OS  1916      033 

tm..Z.."...  4.074  WW   M» 
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TABLE  16. 

Receipts  at  Indianapolut  of  Cattle,  Hoga  and  Sheep  in  Tliotmande, 
Average  of  Five-Yew  Period»f  and  m  19i20. 

Chttla    Ha»  Sheep 


iM»-i«n   tn  I. MO  90 

lOTl-lWH    2M  l.flOO  100 

low    lino   385  I.IXKI  100 

1911— WIS   376  2.100  IM 

mt-tm   too  2.000  i» 

im   m  2,«o  m 


Cbapicb  IX. 

CONCLUSION:  THE  RICHNESS  OF  INDIANA. 

Since  a  state's  wealth  depends  largely  upon  the  geo^j^de  factors  dom- 
inatingr  it,  a  statement  of  the  wealth  is  a  summary  of  the  geo>?raphy.  Hence 
a  suitable  conclusion  to  this  treatise  on  the  Geography  of  Indiana  is  a  state- 
moit  of  the  state's  richness. 

Indiana  is  very  rich.  The  indications  are  that  no  other  area  of  similar 
sise  in  the  nation  is  much  better  endowed.  Indiana  has  great  natural  re- 
sottrcesv  a  favorable  location,  a  oomparatively  dependabla  eilmate,  and  mneh 
fairly  smooth  land.  Because  of  this  superior  enrlownifnt,  Indiana  ha^  been 
able  to  surpass  most  of  the  older  states  in  the  production  of  many  commodities, 
and  is  able  to  hold  a  high  rank  among  iiie  states  in  total  production.  Thia-  is 
thp  more  notable  when  Indiana's  comparatively  small  size  is  rrcalloH  Only 
eleven  states  are  smaller.  All  of  Indiana's  neightwrs  are  notably  larger.  For 
example,  Illinois,  Michigan,  Iowa  and  Wisconsin  are  eadi  about  Mty  per  eent 
larpcr  than  Indiana,  while  Ohio  and  Kentucky  arc  each  about  eleven  per  cent 
larger.    Eighteen  states  are  more  than  twice  Indiana's  sixe. 

Although  a  eowddwrable  number  of  states  surpass  Indiana  in  total  pro- 
duction, it  is  seen,  when  allowanee  is  made  for  her  smaller  aiie,  that  she 
really  ranks  with  the  leaders. 

The  groaa  value  of  farm  products  affords  one  excellent  basis  for  com- 
parison between  states.  In  this,  Indiana  ranked  eighth  state  in  1919,  according 
to  H  roront  census  report.  However,  only  three  states  ranked  ahead  of  Indiana, 
after  comparative  area  is  considered,  namely  Iowa,  Illinois  and  Ohio.  Indiana 
produced  an  average  of  $82,800  woirtii  ef  agrieultural  products  per  square  mile 
in  1919.    Iowa,  the  best  state,  iiroduoed  about  ten  per  cent  more. 

The  "gross  value  of  farm  products"  is  made  up  of  crops,  livestock  prod- 
ucts and  animals  sold  or  slaughtered.  In  respect  to  value  of  crops,  altiiougfa 
Indiana  ranked  thirteenth  state  in  1919,  when  allowance  is  made  for  com- 
parative size,  Indiana  is  seen  to  surpass  all  but  Iowa,  Illinois  and  Ohio.  In 
livestock  products,  Indiana  ranked  eleventh  state  in  1919,  but  six  of  the 
ten  states  ahead  of  Indiana  are  enouj^h  larj^er  than  Indiana  so  as  to  fall  behind 
her  when  comparative  area  is  considered.  Indiana  stands  still  higher  in  the 
value  of  animals  sold  or  slaughtered,  ranking  seventh  state  when  size  is 
ignored,  but  claiming  thiid  )<lace  when  area  is  considered. 

In  respect  to  individual  crops:  Though  often  surpassed  by  five  states  in 
the  area  planted  to  com,  Indiana  ranks  with  Illinois  and  Iowa  as  a  com  state, 
when  wrM  is  considered.  Indeed,  in  average  yield  of  com  per  square  mile, 
Indiana  surpas.ses  these  states,  and  the  other  three,  Missouri,  Nebraska  and 
Kansas,  which  often  have  more  acres  planted  to  corn  than  Indiana  has.  In 
wheat  production  Indiana  normally  ranks  eij^th  among  the  states.  How- 
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ever,  Indiana  usually  is  exceeded  only  by  North  Dakota  and  Kansas  in  the 
average  yield  of  wheat  per  square  mile  of  total  area.  In  oats  production 
Indiana  ranks  fourth  when  area  is  considered,  though  seventh  when  area 
is  ignored. 

Forest  products;  Few  fMwple  realise  how  large  a  total  income  is  obtained 

from  Indiana's  woods  and  woodlots.  In  IDIO,  accordinK-  to  the  1920  census, 
Indiana  marketed  eleven  million  dollars'  worth  of  forest  products,  ranking 
nineteenth  among  the  states.  However,  in  proportion  to  area,  Indiana  ranked 
thirteenth  state. 

The  value  added  by  manufacturing  (724  million  dollars)  was  only  a 
little  less  Hum  the  gross  value  of  farm  products  (782  million  dollars)  in  1919, 

in  Indiana,  80  it  is  logical  to  next  consider  Indiana's  rank  us  a  manufacturing 
state.  Indiana  ranked  ninth  among  all  the  states  in  1919,  but  the  eighth  state, 
California,  which  barely  passed  Indiana,  is  more  than  four  times  as  targe  as 
Indiana.  Indiana  had  more  than  two  dozen  manufactures  yielding  products 
worth  over  10  million  dollars  in  i;)19. 

The  leading  industries  of  Indiana,  according;  to  the  1920  census,  are:  (1) 
Steel,  forgings,  etc.,  producing  products  worth  192  million  dollars  and  giving 
Indiana  third  rank  amonjr  the  states.  (2)  The  Indiana  products  of  the  auto- 
mobile industry  had  a  value  of  179  million  dollars  in  1919,  and  Indiana  wa.s 
surpassed  only  by  Michigan  in  this  rei^ect.  (S)  The  third  bidustry  in  value 
of  products  was  the  manufacture  and  repair  of  railroad  cars,  etc.  The  total 
for  1919  was  149  million  dollars  and  Indiana's  rank  about  fifth  state.  Indiana 
ranked  ninth  state  in  the  value  of  the  slaughtering  and  meat  padcing  Industry, 
with  a  value  of  IHl  million  dollars.  Howevrr,  if  ronipuiativo  area  is  con- 
sidered, Indiana  would  surpass  half  of  the  eight  states  which  have  greater 
totals.  Indiana  ranked  as  third  state  in  the  production  of  agricultural  im- 
plements in  1919.  In  the  value  of  products  of  the  canning  industry,  Indiana 
should  take  fourth  place  instead  of  sixth.  Likewise,  though  about  eighth  state 
in  the  value  of  the  products  of  flour  mills  and  grist  mills,  Indiana  is  enough 
smaller  than  the  seven  states  which  raafced  higgler  than  it  to  surpass  all  hut 
the  leading  state,  Minnesota,  in  value  per  square  mile  of  area. 

In  mineral  product.^  also,  Indiana  ranks  high,  second  in  the  production  of 
eement,  fifth  or  sixth  in  coal,  fourth  in  coke  and  fifth  in  brick  and  tile.  In 
the  production  of  limestone  for  building  purposes,  Indiana. stands  far  ahead 
of  all  others. 

To  sum  up,  although  Indiana  is  thirty-seventh  state  in  size,  she  ranks 
second  in  the  production  of  automobiles  and  parts  and  of  cement;  third  in  the 
production  of  steel  and  forgings;  fourth  in  coke;  fifth  in  coal,  brick  and  tile, 
and  in  railroad  cars  and  repairs;  sixth  In  com  acreage,  and  In  value  of  canned 
products;  .seventh  in  value  of  animals  ;-oM  or  .-^lauKhtered,  and  in  oats  pro- 
duction; eighth  in  the  gross  value  of  farm  products,  in  wheat  production  and 
In  the  products  of  flour  and  grist  mills;  ninth  in  the  value  added  by  manu- 
facture, and  in  the  products  of  the  meat  packinp  industiy.  If  allowance  is 
made  for  Indiana's  comparatively  small  size,  she  ranks  notably  higher  in  sev- 
erhl  of  these  categories,  ranking  second  In  automobiles,  cement  and  flour  and 
prist  mill  products;  third  in  steel,  forpinfrs,  etc.,  in  corn  and  wheat  produc- 
tion and  in  animals  sold  or  killed;  fourth  in  the  ^ross  value  of  farm  prod- 
ucts, of  crops,  and  of  livestock,  of  oats,  and  of  coke,  and  in  the  canning  indus- 
try; fifth  in  meat  packing  and  coal  mining;  eighth  In  the  value  added  by  manu- 
fMtarlng,  and  thirteenth  in  forest  products. 
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The  Physiography  of  Indiana 

By  CLYDE  A.  MALOTT. 


ClIAPTKR  I. 

INTRODUCTION. 

DtfinUion  of  Suhieet  Matter, 

Physiography  is  a  stuHy  of  thr  suifarc  features  of  the  lands  of  the 
earth.  Inasmudi  as  physiography  deals  with  the  sizes,  shapes  and  relation- 
fthips  in  poBition  and  distatiee  of  land  forms,  it  includes  topography.  This 
phase  is  largely  descriptive  and  geographic,  since  it  deals  with  dimensions  and 
locations.  Physiography  also  treats  of  the  origin  and  development  of  land 
forms.  It  attempts  to  explain  the  landscape  as  it  exists,  and  calls  attention 
to  the  action  of  certain  natural  processes  which  arc  working  on  the  miltavials 
of  the  earth  under  particular  conditions,  and  is  therefore  explanatory  as  well 
as  descriptive.  Physiography  a5  u  science  treats  in  detail  of  all  those  processes 
which  give  rise  to  land  forms,  calling  attention  to  particular  land  forms  or 
types  which  serve  as  illustration.';  of  the  work  of  the  proresses  involved  on 
earth  materials  under  particular  conditions.  Physiography  as  applied  to  regions 
consist  chiefly  in  the  description  and  explanation  of  the  existing  land  forms. 
Their  development  is  important,  and  the  conditions  under  which  they  have 
been  developed  are  scarcely  lesjs  important.  It  is  regional  physiography  with 
respect  to  Indiana  which  will  be  discussed  in  this  report. 

Scope  of  Treatment. 

A  full  description  of  the  land  forms  of  Indiana,  a  grouping  of  the  related 
forms  into  natural  regional  units,  and  a  comprehensive  treatment  of  physio- 
graphic development,  are  attempted  for  the  entire  state,  for  the  first  time.  Such 
an  undertaking:  must  of  necessity  draw  from  many  sources  of  information, 
and  recognition  of  the  various  sources  of  information  i»  considered  a  part  of 
this  trsatise.  Acknowledgment  is  given  in  the  text  and  in  the  aeeompanying 
footnotes.  Special  acknowledgment  i.^  due  Dr.  K.  K.  Cumings,  head  of  the 
Department  of  Geology,  Indiana  University,  for  his  careful  and  detailed 
criticism  of  the  manaseript  and  his  helpflil  suggestions  at  all  times  during 
the  preparation  of  the  man-jscript.  The  writer,  however,  asSumcs  fall  respon- 
sibility for  much  of  the  matter  as  presented  here. 

Regional  physiography  usually  conllnes  its  treatment  to  natural  units 
wherein  the  land  forms  are  similar  or  have  had  similar  development.  Such 
units  are  not  usually  limited  by  civil  boundaries.  In  the  physiographic  treat- 
ment of  Indiana,  attention  will  first  he  directed  to  the  position  of  the  Indiana 
region  as  it  is  embraced  in  one  or  nu)re  of  the  lari^er'  natural  units  of  the 
United  States.  Drainage  description  will  be  treated  in  a  chapter  by  itself. 
An  appredatimi  of  the  drainage  lines  and  drainage  relationships  is  an  im> 
poftant  introductory  step  in  an  understanding  of  the  physiography  of  a  region. 
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The  general  topographic  condition  of  any  region  is  nsuaUy  dosely  related  to 

draina>re,  but  such  is  not  always  the  case.  A  considerable  portion  of  Indiana 
is  an  exception  to  this  general  rule.  The  topographic  map  accompanying  this 
report  bears  this  out.  Neverthdcn  drainage  ia  an  important  factor,  for  the 
physio^n  aphy  of  Indiana  or  any  region  is  largely  dependent  upon  the  ivork  per- 
formed by  runnini;  water. 

Probably  the  most  important  part  of  this  treatise  is  concerned  with  the 
detailed  presentation  of  the  topofrraphic  condition  of  Indiana  and  the  division 
of  the  state  into  natural  units  on  the  basis  of  altitude,  relief  and  related  type 
of  topographic  forms  present.  This  presentation  must  be  largely  descriptive, 
bat  in  addition  to  the  text,  topographic  and  physiographic  maps  have  been 
prepared.  The  topographic  map  is  designed  to  present  the  altitudes  and  reliefs 
and  their  relationships.  The  physiographic  map  shows  the  natural  units  as 
presented  in  the  text  and  is  as  important  as  the  details  of  the  text  itself. 

No  particular  attempt  is  made  towards  a  rational  classification  of  the 
factors  involved  in  the  development  of  land  forms,  yet  a  brief  consideration 
of  the  factors  and  their  relative  importance  is  offered.  The  sequence  of  evmts 
which  entered  into  the  physiographic  development  of  Indiana  and  related 
regions  is  given  an  important  place,  and  some  of  the  problems  connected  with 
the  larger  pmrtion  of  the  Mississippi  basin  are  tooehed  upon.  Special  atten> 
tion  is  given  to  the  factors  instrumental  in  bringing  about  the  present  topo- 
graphic condition  in  Indiana.  The  clo.se  relationship  of  the  Indiana  region  to 
the  golf  embayment  is  emphasised,  and  the  evsnts  that  are  known  to  have 
taken  place  in  one  region  are  correlated  with  those  of  the  Other  rsgion.  The 
correlations  are,  however,  of  a  tentative  nature. 

The  treatment  here  must  be  more  general  than  complete,  yet  it  is  derirable 
that  a  fair  conception  of  tlif  ptiysiography  of  Indiana  be  presented.  For  this 
reason  an  attempt  is  made  to  show  speciftcally  the  more  important  phases  of 
development  in  the  various  physiographic  units.  Special  attention  is  called 
to  the  factors  which  have  acted  to  produce  the  land  forms ;  and  also  those  fac- 
tors which  have  conditioned  the  physiographic  processes.  Such  a  considera- 
tion leads  naturally  into  form  development  which  is  both  descriptive  and 
explanatory,  and  is  perhaps  the  most  comprehensive  and  important  phase  of 
physiography.  When  all  the  conditioning  and  active  factors  in  form  develop- 
ment have  been  pi*operly  determined  in  any  region,  il  may  be  seen  that  inas- 
much as  this  or  that  condition,  or  this  or  that  active  factor,  has  prevailed  here 
and  there,  the  region  may  be  marked  off  into  divisions  or  subdivisions,  each 
with  its  particular  array  of  topographic  forms.  Thus  Indiana  in  a  broad 
sense  is  divided  at  once  into  two  divisions  on  the  basis  of  glaeiation  alone,  part 
of  it  having  been  subjected  to  that  important  agency  while  a  smaller  portion 
has  never  been  glaciated.  The  unglaciated  portion  has  long  been  subjected 
to  weathering  agtiicies  and  the  destructive  work  of  running  water,  and  tiiese 
active  agencies  have  been  conditioned  to  an  important  degree  by  great  re- 
sistance of  the  rock  strata  in  certain  localities  while  in  other  localities  non- 
resistant  rocks  permitted  rapid  destruction.  These  diverse  conditions  in  the 
present  erosion  cycle  have  largely  controlled  the  forms  present  in  the  diffeient 
localities.  The  glaciated  portion,  on  the  other  hand,  is  largely  a  plain  of 
t^adal  omstmction,  and  the  destructive  agencies  have  only  locally  been  of 
importance  since  its  s^adation. 
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Geographic  and  Physiographic  Location  of  Indiana. 


Indiana  is  located  in  the  middle-eastern  part  of  the  United  States,  approxi- 
mately 600  miles  Arom  cither  the  Gulf  of  Mexico  on  the  south  or  the  Atlantic 
Ocean  on  the  east.  Lonpritudp  8fi°  and  latiturle  40'  cross  near  the  jrropraphic 
center  of  the  state.  The  Great  Lakes  system  is  immediately  north,  but  the 
drainage  is  ehiefljr  to  the  Gulf  of  Meidoo  tiirongh  the  Ohio  and  Misrissippi 
rivers.  A  small  portion  of  the  state  discharges  its  draina^re  into  the  St.  Law- 
rence system.  The  divide  in  the  northeastern  part  of  the  state,  between  the 
St.  Lawrence  and  the  Mississippi  drainage  systems,  is  ahoat  equidistant  trim 
the  sea-level  head  of  the  Gulf  of  St.  Lawrence  and  the  Gulf  of  Mexico.  It  is 
interesting  to  note  that  the  distance  is  but  little  greater  to  the  head  of  the 
Hudson  Bay  on  the  north,  which,  of  course,  is  not  related  in  any  way  to  the 
physiography  of  Indiana. 

Indiana  i.^  located  towards  the  eastern  ed^e  of  the  great  interior  plains  of 
the  United  States,  which  stretch  between  the  Uocky  Mountains  and  the  Appa- 
lachian highlands.  It  is  in  the  area  of  low  plains,  a  great  part  of  which  are 
prlncial  till  plains.  A  considerable  portion  of  the  southern  part  of  the  state 
constitutes  a  part  of  the  well  dissected  low  plateau  area  which  stretches  from 
the  foot  of  the  higher  Appalachian  plateaus  westward  to  tiie  axis  of  the 
Missis.sippi  River.  The  extreme  southwestern  part  of  the  state  approaches 
within  fifty  miles  of  the  Gulf  embayment  area  of  the  Coastal  plain.  It  is 
towards  this  area  that  the  greater  portion  of  the  drainage  oi  the  state  is  dis- 
charged. 

The  accompanjring  map,  Fig.  1,  following  Fenneman's  scheme  of  physio- 
graphic cln.ssification,  shows  the  physiographic  divisions  which  the  area  of  Indi> 
ana  partly  embraces.'  Indiana,  following  Fenneman,  lies  in  two  physiographic 
provinces.  The  portion  of  the  state  belonging  to  the  Interior  Low  FMatcau 
province  is  essentially  a  highly  dissected  portion  of  the  Highland  Kim  uplifted 
peneplain,  but  towards  the  western  side  other  characters  besides  those  inferred 
by  dissection  of  an  uplifted  peneplain  prevail.  This  is  recognized  by  Fenne- 
man, and  is  signified  by  his  "Western  (unnamed)  Section."  Approximatdy 
Hve-sixths  of  the  state  belongs  to  the  great  Central  Lowland  province  where 
local  relief  small  "regardless  of  absolute  altitude,"  and  which  is  divided 
into  several  sections.  The  line  of  demarkation  between  the  Low  Plateau 
province  and  the  Central  Lowland  province  is  the  southern  limit  of  gladation. 

This  is  recognized  as  a  natural  boundaiy  line  of  importance.  Indiana  em- 
braces portions  of  two  sections  of  the  Central  Lowland  province.  The  north- 
em  one-fourth  of  tiie  state  lies  within  the  "Eastern  Lake  Section,"  wliidi  is 
characterized  by  "broad  cuestas  and  corresponding  lowlands  in  which  lie  the 
basins  of  the  great  lakes  and  great  laicustrine  plains.  It  is  characterized  also 
by  numerous  moraine  lakes  in  the  younger  g^adal  drift"  This  latter  descrip- 
tive sentence  in  particular  applies  well  to  the  Indiana  portion  of  the  Eastern 
Lake  section.  The  remainder  of  the  glaciated  portion  of  the  state  lies  in 
the  "Till  Plains  section,**  chiefly  characterised  by  a  covering  of  glacial  till  of 
neariy  level  surface  without  lakes  and  not  well  di.ssected  by  streams.  "This 
section  consists  of  two  subsections  distinguished  as  older  (UUnoian)  and 

*FtaiMnn,  Phjrtfcwraphle  Olvtaiom  of  the  Ustted  Statat:  Aaaab  vt  Aaaoe.  of  Aner. 
GmcTm  VoL  VI.  1»17,  pp.  l$-9B.  PL  L 
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younger  (Wisconsin)."  Thus,  Indiana  lies  in  and  occupies  iwrtiong  of  two 
physio^aphic  provinces  within  the  ^eat  Interior  Plains,  a  major  Physio- 
graphic division  of  the  United  States.  Two  physiographic  sections  of  each 
provinee  are  represented,  and  these  sections  may  be  further  divided  into 
muUer  units,  as  shown  beyond  under  more  detailed  treatment. 

Chapter  II. 

GENERAL  DRAINAGE  AND  CHIEF  DRAINAGE  L1NE& 

The  MitaMppi^t,  LawfWM  Divide. 

Slightly  lo<s  than  nine-tenths  of  the  area  of  Indiana  belongs  to  the 
Mississippi  drainage  ba^iin,  and  a  little  more  than  one-tenth  belongs  to  the 
St  Lawrence  draiiiaRe  basin.  A  part  of  the  divide  betwem  titeae  two  major 
drainage  banins  of  the  North  .■American  continent  passrs  across  the  north- 
eastern and  the  northern  part  of  Indiana.  This  divide  may  in  a  sense  be  con- 
ndered  a  oontinental  divide,  as  the  waters  discharged  from  eaeh  side  go  into 
remote  water  bodies.  The  divide  enters  Indiana  from  Ohio  hi'twoon  the  ' 
Wabash  and  St.  Marys  rivers  some  25  miles  south  of  Ft.  Wayne,  and  bears 
in  an  approximately  north  direction,  passing  just  west  of  Ft.  Wajme  and 
around  the  rather  vajrur  ht  ailwat*  i  <  of  Eel  Kiver  in  eastern  Noble  County, 
)  thence  westward  to  northern  central  Kosciusko  County  north  of  Warsaw,  where 
it  turns  in  a  northwesteriy  direction.  It  passes  just  soutii  and  west  of  Soutii 
Bend  and  crosses  the  Indiana-Michijran  line  to  the  northwest  of  South  Bend. 
It  inunediately  reenters  Indiana  and  passes  southwest  and  west  parallel  to 
Lake  Michigan  and  on  the  average  some  10  miles  distant  from  the  lake.  This 
divide  is  nowhere  high  and  is  not  sharply  defined.  In  places  it  is  so  indefinite 
that  the  water  near  it  at  times  goes  either  way,  as  in  the  old  glacial  water 
routes  near  Ft.  Wayne  and  South  Bend.  During  the  flood  of  March,  1913, 
water  from  the  St.  Marys  River  passed  over  the  broad,  flat  divide  immediately 
west  of  Ft.  Wayne  in  a  stream  several  feet  deep  and  nearly  one-half  mile 
wide.  Under  natural  conditions  extraordinarily  high  waters  of  the  St.  Joseph 
River  would  merge  with  the  headwaters  of  the  Kankakee  River  in  the  broad, 
marshy  divide  in  the  vicinity  of  South  Bend.  A  rise  of  less  than  10  feet  of 
the  waters  of  Lake  Michigan  would  allow  an  overflow  into  the  Mississippi 
basin  at  the  great  col  south  of  Chicago,  through  wMch  <he  glacial  waters  of 
the  late  Pleistocene  di.scharped.  The  divide  is  almost  entirely  developed  on 
glacial  deposits,  and  represents  one  of  the  youngest  major  divides  of  the 
eomtiooit 


The  drainage  area  in  Indiana  belonging  to  the  St.  Lawrence  basiB  is 

divided  into  throe  main  sy  torn-.  Some  1,277  sr|uare  miles"  of  the  Maumee 
system  lie  in  the  northeastern  edge  of  the  state,  and  comprise  portions  of  the 
SI  Marsrs  and  St.  Joseph  rivers  and  a  small  part  of  Manmae  River.  St. 
Joseph  River  comes  into  Indiana  from  Ohio  flowing,'  cuithwest  to  Ft  Wayne, 
where  it  joins  the  St.  Marys  River  which  comes  fiom  the  southeast.  The 

^The  fiiTures  irivcn  for  the  arcns  of  tho  vnrinus  drainaiTG  buiai  in  Indian*  lwv«  bMB 
MMAllUy  worked  out  by  W.  M.  Tucker,  Hnd  these  arc  incorporated  la  tbis  WWk.  Mr.  TodMr** 
nport  PR  tlio.''aydralc«y  of  laObum."  tmwit  PUrt  ni  of  tbb  piiUlcatfcm. 
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junction  of  these  two  streams  forms  the  Maamee  which  flfvws  east  and  north- 
east out  of  t)ie  state  and  acroKs  a  portion  of  Ohio  into  Lake  Eric  at  Toledo. 
The  peculiar  barbed  pattern  which  the  Maumoe  system  presents  will  be  dis- 
cussied  at  some  length  below.  The  second  and  largest  drainage  system  belong- 
ing to  the  St.  Lawrence  basin,  which  is  represented  in  Indiana,  is  the  St. 
Joseph  system.  This  pnrticulai-  St.  .To<<  )ih  IJivor  enters  Lake  Michi^ran  north 
of  the  Indiana  line.  It  draini>  1,068  t^quare  miles  of  territory  in  Indiana  on 
the  northeastern  border.  Th«  St.  Joseph  Kiver  lies  mostly  in  Michigan,  but 
enters  Indiana  flowinp:  southwest  about  midway  between  Lake  Michigan  and 
the  northeastern  corner  of  the  state.  It  turns  abruptly  northweiit  at  South 
Bend  and  flows  oat  of  the  state  smne  12  miles  to  the  northwest  of  Sooth 
Bend.  Its  chief  tributary  in  Indiana  is  Elkhart  River  which  drains  part  Of 
the  inter-lobate  moraine  in  ElUiart  and  Noble  Counties.  The  Calumet  River 
and  minor  Lake  Miehlffan  drdnage  lies  immediatdy  sovtii  of  Lake  Miehigan. 
Calumet  River  makes  up  most  of  the  G65  square  miles  in  thi.'i  system.  It  flows 
parallel  to  the  southern  end  of  Lake  Michigan  and  only  a  few  miles  distant. 
After  entering  Illinois  it  makes  a  torn  and  comes  back  into  Indiana,  hav- 
ing formerly  looped  back  upon  itself  for  more  than  20  miles  before  enter- 
ing the  ]akt  east  of  the  present  site  of  Gary.'  It  now  enters  the  lake  near 
the  Indiana^Illinois  Hne  through  an  artificial  channel.  The  lower  part  now 
flows  in  a  reversed  direction  due  in  part  to  artiflcial  interference  at  Gary  and 
to  the  artificial  outlet  in  the  Calumet  Lake  and  Wolf  Lake  region.  It  is  a 
very  slugfrii^h  stream  on  the  flat  plain  south  of  Lake  Michigan,  and  very  much 
resembles  a  canal. 

It  is  interesting  to  note  the  perched  condition  of  the  upper  St.  Lawrence 
system.  The  Great  Lakes  are  simply  great  expanded  portions  of  the  St. 
Lawrence  ssrstem,  and  are  practically  level.  There  is  very  little  descent  from 
the  -;outh  end  of  Lake  Michigan  (.^81  feet  above  sea  level)  to  the  lower  enfl 
of  Lake  Erie  (573  feet  above  sea  level),  though  the  distance  is  approxi- 
mately 850  milBS.  Bot  tiiis  great  expanded  portion  of  the  St  Lawrence 
system  is  perched  high  above  Lake  Ontario  (246  feet  above  sea  level),  and 
Lake  Ontario  is  in  turn  somewhat  perched  with  respect  to  the  sea-level 
Gulf  of  St  Lawrence.  The  waters  which  descend  from  the  Mississippi-St. 
Lawrence  divide  on  either  -ide  have  about  an  "qual  distance  to  go  before 
reaching  the  sea.  But  the  Great  Lakes  act  as  temporal^  base-levels  toward 
whidi  the  entering  streams  work.  Lake  Michigan  itself  is  but  little  lower 
than  the  divide  near  by,  and  the  streams  have  little  advantage  from  the 
standpoint  of  erosion  in  a  downward  direction.  On  account  of  the  perched 
condition  of  the  lakes,  the  exceedingly  low  fall  in  a  great  distance  seaward  is 
not  advant.ivreous  to  the  streams  on  the  St.  Lawrence  side  of  the  divide. 
The  perched  condition  of  the  upper  St.  Lawrence  system  thus  offsets  the 
extremely  low  fall  seaward.  Were  the  descent  of  the  St.  Lawrence  drainage 
dependent  upon  a  more  gradual  fall  similar  to  the  gradients  of  the  streams 
of  the  Mississippi  system,  it  is  likely  that  the  streams  on  the  two  sides  of 
the  divide  would  have  very  similar  gradients,  due  to  their  equal  distances 
from  the  sea. 


A  broad,  flat  area  consi-tini?  of  3,101  .square  miles  and  fifiO  feet  or 
more  above  sea  level  lying  between  the  Calumet  basin  on  the  north  and  the 

'Aldrn.  The  ChicHxn  Kolict.  No.  81.  U.  S,  (;<<>l.  Surv..  19C2.  p.  1. 
'Lwerett.  U.  8.  Gcol.  Surv.,  Uouegr.  SS.  IBM.  pp.  60S-SM. 
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Tippecanoe  and  Wabaiih  on  the  t>outh,  is  rather  imperfectly  drained  by  the 
Kankakee  River  and  its  tritmtaries.  A  conriderabkt  part  at  HiH  basin  in 
Indiana  was  until  recently  a  crrnt  mmsh,  but  artificial  channels  now  drain 
much  of  the  former  marsh.  The^ Kankakee  Kivcr  crosses  the  State  line  into 
Illinoia  and  enters  the  Dlinois  River  which  empties  into  the  Mississippi.  A 
chief  tributary,  the  Iroquois  River,  lies  to  thr  south  and  joins  the  Kankakee 
after  abruptly  turning  to  the  north  in  Illinois.  The  Kankakee  Hiver  rises 
in  a  broad,  marshy  tract  in  the  vicinity  of  South  Bend,  very  near  the 
abript  northward  turn  of  the  St.  Joseph  River.  It.s  principal  headwater 
tributary  is  Yellow  River  which  drains  a  portion  of  the  higher  moraine  coun- 
try in  Marshall  County.  The  Kankakee  from  its  source  to  where  it  leaves 
the  state  has  a  fall  of  about  100  feet.  The  river  over  this  100-mile  stretch 
in  its  natural  state  meandered  to  such  an  extent  that  the  river  length  was 
not  less  than  300  miles.  Its  average  fall  per  mile  was  then  not  more  than 
4  inches,  very  low,  indeed,  for  a  stream  no  larger  than  the  Kankakee.  The 
river  as  it  now  r-xists  has  a  greater  fall,  as  it  has  been  artificially  straightened, 
and  little  undrained  urea  exists. 


The  chief  trunk  stream  of  Indiana  is  the  Wabash  River.  It  enters 
Indiana  from  Ohio  Just  south  of  the  Maumee  basin.  Its  source  is  not  far 
distant  from  the  state  line  where  it  is  a  rather  small  stream.  After  flowing 
northwest  some  •l.'S  miles  it  tviins  west  and  southwest,  and  on  approaching 
to  witlun  u  few  miles  of  the  west  line  of  the  state,  turns  southward.  A 
short  distance  below  Terre  Haute  it  serves  as  the  western  boundary  of  the 
state  to  its  junction  with  the  Ohio  River  in  the  extreme  southwestern  corner 
of  the  state.  The  stream  distance  as  a  boundary  line  is  approximately  200 
miles  and  the  air-line  distance  is  approximately  110  miles.  This  trunk 
stream  with  its  tributaries  exclusive  of  White  and  Patoka  rivers  consti- 
tutes approximately  one-third  of  the  drainage  area  of  the  state,  and  with 
all  its  tributaries  eonstitutes  approximately  two-thirds  of  the  area  of  the 
state,  .-\ccordin?  to  Ticker's  figures  the  area  of  its  drainage  in  Indiana 
above  the  entrance  of  White  River  is  11,481  square  miles.  The  chief 
tributaries  on  its  westward  sweep  across  the  state  are  the  Salamonie  and 
Mississinewa  Rivers  and  Wildcat  rrork  from  the  south,  and  Eel  and  Tip- 
pecanoe Rivers  on  the  north.  The  Tippecanoe  River  is  the  largest  of  these, 
draining  over  8,000  square  miles.  After  the  Wabash  turns  south  it  receives 
several  small  creeks  from  the  east,  chief  of  which  arc  Coal,  Sugar,  Raccoon 
and  Busseron  Creeks.  White  River  enters  from  the  east  some  90  miles  by 
stream  above  the  junction  of  the  Wabash  witii  the  Ohio  River.  White  River 
drainage  is  divided  into  two  areas  approximately  equal,  and  constitutes 
11,155  square  miles  or  a  little  over  30  per  cent  of  the  total  area  of  the 
state. 

The  two  forks  of  White  River  head  near  the  middle  eastern  side  of  the 
state  in  Randolph  County  where  the  highest  land  in  the  state  is  foi  nd.  This 
elevation  at  its  maximum  is  approximately  l,28.'j  feet  above  sea  level.  The 
Mississinewa  and  Whitewater  Rivers  also  have  their  sources  near  this  high 
area.  "The  West  Fork  flows  in  a  westerly  direction  thioujrh  Muncie  and 
.\nderson,  to  Noblesville,  then  almost  due  .south  to  Indianapolis.  From 
Indianapolis  it  takes  a  direct  southwesterly  course  to  Petersburg.  The  West 
Fork  flows  through  the  Wisconsin  glacial  drift  fro|n  its  source  to  Martins* 
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ville  a  distance  of  126  miles,  and  in  Illinois  giadal  drift  from  Martinsville 
to  tiie  forks,  a  distance  of  180  miles  by  the  river.  The  East  Fork  flows  in 
a  tortuous,  winding  manner,  thus  increasing  its  length  and  decreasing  its 
fan  by  numerous  meanders.  The  East  Fork  flows  throufrh  the  Wisconsin 
l^adal  drift  from  its  source  to  Columblia  about  155  miles;  then  in  the 
nUnoia  drift  from  Columbus  to  Brownstown,  a  distance  of  40  miles.  From 
Brownstown  it  flows  tiirongfa  the  unglaciated  part  of  the  state  for  almit 
<)()  miles,  and  the  last  20  miles  are  again  in  the  Illinois  drift."  The  West 
Fork  is  a  relatively  narrow  barin,  receiving  only  a  few  important  tributaries. 
These  are  Fall  and  Eagle  ereeks  at  Indianapolis,  White  Lick  near  Mar- 
tinsville, Beanblossom  near  Gosport  and  Ed  River  at  Worthin^on.  A 
number  of  tributaries  run  parallel  with  the  East  Foik  for  a  considerable 
distance  before  joining  it  in  the  headwater  area.  Muscatuluck  Kiver  is  the 
largest  tributary  of  the  East  Fork.  Above  the  mouth  of  the  Muscatatuck, 
White  River  is  locally  known  as  Driftwood  River,  and  is  a  rchitivi  ly  swift 
stream.  It  is  more  sluggish  from  the  mouth  of  the  Mu.sculutuck  westward. 
East  Fork  in  its  westward  coarse  receives  Salt  Creek  and  Indian  Creek  on 
the  north  and  Lost  River  on  the  south  as  its  chief  tributaries. 

The  Patoka  River  is  the  largest  Indiunu  tributary  to  the  Wabash  south 
of  the  month 'of  White  River.  Black  Creek  and  Big  Creek,  south  of  the 
Patoka,  drain  a  combined  area  of  about  '■'''<)  sniiaie  ntihs  <iirectly  into  the 
Wabash.  Patoka  Kiver  rises  in  the  rugged  region  of  southeastern  Orungc 
County,  and  in  a  very  tortuous  route  flows  west  to  tiie  Wabadi,  entering 
only  1  mile  below  the  mouth  of  White  River.  The  basin  of  the  Patoka  lies 
immediately  south  of  East  Fork  of  White  Kiver  and  White  River  proper. 
It  is  rather  peculiar  in  that  its  trihotaries  are  very  short,  and  that  the  basin, 
while  reachinR  half  way  across  the  state,  does  not  have  an  average  width 
of  more  than  12  miles.  Throughout  most  of  its  course  it  is  a  sluggish, 
meandering  stream  in  a  flat,  aggraded  vallay.  A  considerable  pa  i  t  of  its 
volume  is  lost  as  undetflow  in  the  tower  part  of  its  course. 

Wkitewaler  Drainage  Btutin 

Sooth  of  the  high  drift-covered  area  in  Randolph  County,  from  which 

radiate  the  headwater  streams  of  the  Mississincwa  and  White  Rivers,  lies 
the  Whitewater  draina^^e  basin.  It  embraces  an  area  of  1,319  square  miles 
in  Indiana.  Only  a  very  small  porttm  of  the  basin  laps  over  the  state  line 
into  Ohio.  Whitewater  River  in  its  headwater  portion  consists  of  two  main 
forks  which  flow  south  and  slightly  west  until  near  the  southern  marfrin 
of  the  basin,  where  the  west  fork  turns  abruptly  eastward.  The  cast 
fork  enters  the  west  fork  near  the  esnter  of  Franklin  County  at  Brookville, 
forming  the  Whitewater  River  proper,  which  flows  southoasf  out  of  Indiana. 
After  crossing  the  Indiana-Ohio  line  it  joins  itie  Miami  River  which 

enters  the  Ohio  River  where  the  Ohio  River  flrst  becomes  the  state  boundary 
line.  The  eastward  extendinjr  portion  of  the  Whitewater  drainage  ba.'sin 
southeast  of  Bi-ookville  is  remarkably  narrow.  A  small  portion  of  the  area 
of  the  state  east  of  the  Whitewater  basin  drains  directly  into  the  Big  Miami 
by  small  streams  heading  on  the  Indiana  .side  of  the  state  Una.  Whitewater 
River  as  a  stream  is  relatively  swift  and  carries  much  sediment,  whidi  on 
being  received  by  the  mmre  slowly-moving  Ohio  is  dropped  in  the  form  of 
samiUban  which  are  so  numerous  bdow  tiie  mouth  of  the  Big  Miami. 

»ll»U>Mriim.  Tie  Hood  oC  ItUt  M.  tJab.  aiiidte  Na  n,  UI4.  p.  m. 
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The  Ohio  River,  a  trunk-streain  tribntary  emdxtg  into  llio  lUtsis.sippi 
ft-om  the  east,  forms  the  entire  boundury  line  between  Indiana  and  Kentucky 
with  a  mileage  of  352  miles.*  This  stream  drains  a  lai^  area  from  the 
east,  but  receives  only  rather  small  streams  from  Indiana  before  the  en- 
trance of  the  Wabash.  With  the  exception  of  Big  Blue  River,  all  of  tlie- 
streams  head  within  .'^o  miles  of  the  Ohio.  At  one  point  a  short  distance 
west  of  Madi.'^on  alon^  un  extended  westward  bend  of  the  Ohio  liiver,  the 
divide  is  within  2  miles  of  the  river.  The  water  draininif  tmn  the  very 
brink  of  the  hiph  bluffs  above  the  Ohio  pnes  into  the  Muscatntuck  River, 
thence  into  White  River  and  the  Wabash  before  reaching  the  Ohio,  travers- 
ing a  distance  of  300  miles,  and  from  flie  erest  of  fhe  divide  deacendins 
approximately  .'00  feet.  The  Ohio  River  flow.s  in  a  generally  southwest 
direction,  but  doe^  so  in  many  great  nearly  right  angled  turns  alternately 
west  and  aonth,  with  tlie  exception  of  two  prominent  turns  and  leveTal  lesaer 
turn.'j  to  the  north  at  the  west  ends  of  a  number  of  the  westward  stretches. 
The  Ohio  River  has  a  descent  of  115  feet  from  the  mouth  of  the  Big  Miami 
to  the  month  of  the  Walnnh  and  a  little  more  than  28  feet  of  this  oeetfrs 
in  the  falls  and  rapids  between  .It  fTn^onville  and  New  Albany. 

Laughery  Creek  in  the  southeastern  part  of  the  state,  after  flowing 
more  than  half  its  length  southward,  turns  abruptly  to  the  east-northeast 
and  joins  the  Ohio  a  short  distance  below  the  mouth  of  Bij^  Miami  River. 
Indian-Kentuck,  Fourteen  Mile,  Silver,  Buck,  and  Indian  creeks.  Big  Blue 
River,  Uttle  Blue  River,  Anderson,  Little  Pigeon  and  Big  Pigeon  ereelu 
enter  the  Ohio  River  in  snoMSsion  a.«  its  chief  tributaries  from  the  Indiana 
aide.  The  combined  drainapre  area  of  these  streams  and  other  less  important 
ones  is  approximately  4,400  .square  miles.  Blue  River,  the  largest  stream 
0(f  the  minor  Ohio  drainaf^e  has  approximately  47.^  square  miles  of  drainage 
area.  The  drainape  area  of  Blue  Kiver  and  Indian  Creek  in  particular  is 
almost  impo.ssible  to  determine,  as  these  streams  drain  a  high  platcuu-lilte 
area  largely  underlain  by  limestone  which  is  especially  diaraeterized  by  under- 
*  pround  drainape.  The'<e  streams  have  few  surface  tributaries  in  their 
lower  courses,  but  many  large  springs  drain  into  them.  With  the  excep- 
tion of  ttM  Plgwm  creeks,  all  of  the  minor  Ohio  tributaries  have  their 
sources  on  hiph  rupk'e<l  land  and  have  rather  steep  gradients  (Silver  Creek 
in  part  may  also  be  considered  an  exception).  While  these  streams  are 
short  and  rise  on  high,  rugged  land  and  deseend  into  the  deeply  intrenched 
Ohio  gorge-like  valley,  none  of  them,  with  the  exception  of  a  few  very  minor 
Streams  in  the  vicinity  of  Madison,  possess  waterfalls  worthy  of  note.  The 
streams  entering  the  Ohio  River  in  the  lower  one-third  of  the  minor  Obio 
draina^^c  atr  all  aggraded  streams  in  their  lower  cottTSOS.  This  Condition  is 
not  particularly  noticeable  in  the  streams  above  Cannelton. 


Approximately  five-sixths  of  Indiana  is  covered  with  glacial  drift  of 
greater  or  Ir  depth.  As  noted  above  all  of  the  drainage  area  belonging 
to  the  St  Lawrence  basin  in  Indiana  is  almost  wholly  consequent  upon 

gladal  material.  Likewise  the  areas  drained  by  the  Tippecanoe  and  Eel 
Rivers  of  the  Wabash  system  arc  larpely  as  they  were  left  by  thf  latest 

*L«verett.  V  .iter  Reaources  of  Imikna  and  Ohio:  U.  S.  Gcol.  Sarv.,  Kightecnth  Ann. 
Bcport.  Part  IV,  1B98.  p.  441, 
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gladal  invasion.    Many  lakes  and  marshes  prevail,  and  drainage  is  very 

imperfect.  The  headwaters  «f  these  streams  north  of  the  Wabash  channel 
are  the  areas  of  greatest  glacial  deposition  and  are  practically  unmodified 
by  running  water.  These  streams  at  no  place  in  thdr  headwater  regions 
come  in  contact  with  bed-rock.  A  s.imilar  condition  prrvail.s  in  the  Kankakee 
basin.  The  Wabash  channel  itself  is  entrenched  for  the  most  part  in  glacial 
drift.  Everywhere,  evKi  to  the  brink  of  the  valley  bluffs,  the  monotony  of 
a  constructed  i^lacial  plain  prevails.  The  main  Wabash  valley  from  the 
vicinity  of  Huntington  is  largely  the  result  of  the  drainage  which  existed 
during  the  run-olf  of  glacial  waters  formed  in  the  retreat  of  the  continental 
glacial  ice.  This  valley  in  numerous  places  eomn  in  contact  with  the  bed-rock. 
The  valley,  however,  is  narrow  and  the  stream  relatively  rapid.  The  valley 
is  almost  wholly  the  result  of  stream  action,  with  little  evidence  of  weather- 
ing and  beveling  which  are  so  characteristic  of  normally  developed  streams. 

All  drainafire  south  of  the  Waba.sh  in  the  northern  two-thirds  of  the 
state,  or  more  definitely  the  drainage  developed  on  the  area  of  Wisconsin 
drift  south  of  the  Wabash  River  (Plate  III),  is  much  better  developed  than 
the  area  north  of  the  Wabash.  No  lakes  exi.st.  The  streams  below  their 
headwaters  are  frequently  entrenched  rather  deeply  in  the  glacial  drift  and 
are  ratimr  swift  Locally  bed-rock  Is  exposed,  tiiough  this  condition  is  some 
what  exceptional.  Throuphout  the  headwater  portions  of  the  tributaries  of 
the  W^abash  from  the  south  and  the  headwater  portions  of  both  forks  of 
White  River  and  their  tributaries  in  their  upper  portions,  there  exista  a 
jrreat  ulacia!  plain  of  con.'st ruction  with  low  relief  and  sluRjrish  drainafje. 
This  great  central  plain  is  excellently  shown  on  the  topographic  map,  PI.  I. 

Wabash  River  bdow  Lafayette  or  southward  from  the  great  bend  fol- 
lows an  old  pre-Klacial  valley.  This  valley  must  have  been  a  larpe  trunk 
stream  before  its  partial  destruction  by  the  several  glacial  invasions  from 
Hie  nortii.  Above  the  great  south  bend  of  the  Wabash  it  was  wholly  ob- 
literated. The  Wabash  drainage  has  partially  cleared  out  the  (glacial  drift 
in  its  southward  course.  The  valley  is  wide  and  has  notable  flood  plain 
extensions,  yet  the  pre-Rlacial  bed-rock  floor  of  the  old  valley  is  (*eeply 
buried  beneath  glacial  material.  Great  terraces  of  valley-train  material 
flank  the  present  valley-flat  as  far  south  as  southei-n  Viffo  County.  Below 
Terre  Haute  the  Wabash  channel  meanders  over  a  wide  flood  plain  which 
is  high  above  the  old  bed-rock  floor.  All  the  streams  in  the  southwestern 
part  of  the  state  are  mere  channels  in  broad  agjrraded  valleys  which  are 
extraordinarily  extensive  for  the  siae  of  the  streams  which  meander  over 
them.  Sinee  the  two  forks  of  White  River  and  certain  of  their  tributaries 
were  the  outlet  channels  rf  glacial  waters  and  their  charge  of  diminuted 
rock  material,  their  valleys  are  aggraded  more  deeply  than  any  of  the 
stnama  which  were  not  so  affected,  and  their  gradients  are  accordingly 
steeper.  All  streams  which  enter  these  valleys  rue  also  aifpraded  accord- 
antly, but  usually  have  a  relatively  lower  gradient  in  their  aggraded  condi- 
tion. 

The  Ohio  River  in  'be  uj)per  two-thirds  of  its  pa.ssapr  alon^  the  southern 
border  of  the  state  nowhere  flows  in  a  deeply  filled  valley.  It  is  apparently 
filled  no  deeper  than  the  stream  is  itself  capable  of  scouring  in  times  of 
liitrh  water.  It  is  porpc-like,  and  it-  flood-plain  is  very  narrow  considering 
the  size  of  the  stream.  Only  very  locally  are  its  blufTs  beveled  in  accord- 
pxnem  with  what  should  be  expected  of  a  stream  of  its  lixe.   High  Uulb 
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and  steep,  rocky  .slopes  are  almost  everywhere  in  dc^t  from  the  channel. 
Yet  in  only  OM  place  docs  the  entire  stream  flow  over  uncovere<l  bed-rock, 
and  this  occurs  at  the  Falb  of  the  Ohio  over  a  stretch  of  a  little 
more  than  2  miles  between  JefTersonville  and  New  Albany.  It  is 
apparent  here  that  a  deeper  buiied  channel  is  present  at  one  side  of  tiie 
bed-rock  course.  The  tributaries  of  the  Ohio  River  above  Cannelton  are 
ileeply  irunched  and  flow  over  rocky  floors  nearly  to  the  river  iUself.  Blue 
River,  the  largest  of  the  minor  tributaries,  is  typical  in  this  respect.  It 
is  flowing  over  bed-rock  in  a  narrow,  deeply  entrenched  valley  within  5 
miles  of  the  Ohio  and  has  a  much  hiKher  gradient  in  it»  lower  portion  than 
is  normally  to  be  expected.  The  lower  one-third  of  the  Ohio  River  in  its 
passape  alonjr  the  southern  border  is  quite  in  contrast  with  the  upper  part. 
Below  Cannelton  the  stream  obviously  flows  over  a  filled  valley  with  a  bed- 
rock  floor  whidi  is  never  scoured  by  stream  action.  The  tributary  streams 
which  enter  the  river  are  apjrraded  accordingly,  and  flow  in  wide  valleys 
as  tiny  channels  and  everywhere  possess  mud  banks.  The  Ohio  valley  is 
miles  in  width  and  the  dopes  from  the  upland  are  gentle  and  deeply  mantled 

with  wcathored  rock  material.  This  filled-valley  condition  of  southwos'ern 
Indiana  is  the  chief  physiographic  characteristic,  and  with  its  gentle  slopes 
and  wide,  flat  valleys  and  duggish  streams  is  in  great  eontratt  to  the 
.sharply  cut  condition  and  swift  streomi  of  the  area  in  middle  southern  and 
southeastern  Indiana. 

The  drainage  of  Indiana  through  the  Wabash  and  the  Ohio  Rivc*-n 
passes  f  rem  the  extreme  southwestern  corner  of  the  state  through  the  Ohi  ^ 
River  into  the  Mississippi  River,  and  thence  into  the  Gulf  of  Mexico.  The 
water  in  the  lower  part  of  the  trunk  streams  flows  rather  slowly,  as  the 
streams  are  fairly  well  graded  and  are  not  being  made  deeper.  The  surface 
of  the  land  is  being  lowered  toward  their  level  rather  than  the  bed  of  the 
streams  being  cut  farther  below  the  upland  surface.  The  water  on  leaving 
the  area  of  Indiana  must  pass  over  a  route,  1,170  miles  in  length  before 
reaching  the  sea,  and  in  that  distance  descends  feet  or  slightly  more 
(low  water  at  the  mouth  of  the  Wabash  being  ^13  feet  above  sea  level.) 
The  drainage  as  a  whole  is  in  a  southwesterly  direction,  and  is  in  keeping 
with  the  jiosition  of  the  highest  land  in  the  state  in  the  middle  of  the 
eastern  edge,  centering  in  Randolph  County,  and  the  lowest  land  of  the 
state  in  the  southwestern  comer,  where  a  great  traet  of  more  than  2,000 
square  miles  are  at  or  below  the  500-foot  contour  line  This  drainage  is  not 
everywhere  in  response  to  the  present  topographic  condition  of  the  surface, 
but  the  drainage  has  developed  most  of  the  surfaee  features  as  fhey  exist 
in  the  .southern  third  of  the  state.  A  diseusslon  of  the  topographic  condi- 
tion of  Indiana  follows. 

Chapter  III. 

TOPOGRAPHIC  CONDITION  AND  PHYSIOGRAPHIC  DIVISIONS  OF 

INDIANA. 
Defimtion  and  Method  of  Presmtntion. 

The  topographic  condition  of  an  am  i.-,  its  state  or  condition  with  respect 
to  relief,  altitude,  and  the  form,  size  and  relationship  of  the  physical  features 
present.  The  simplest  topographic  condition  is  that  of  a  levd  plain.  The 
coastal  plain  is  an  example.  The  topograpihle  condition  of  a  region  becomes 
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more  complex  U8  relief  or  difference  in  elevation  from  place  to  place  is  pro- 
duced by  the  physioKraphie  processes,  chief  of  whieh  is  the  action  of  mnning 
water.  Essentially,  the  topo^rraphic  condition  is  expressed  frmrrally  by  s-tatingr 
the  stage  of  topographic  development  in  terms  of  the  erosion  cycle.  But  to  say 
that  a  Tegion  is  in  topographic  youth,  matnrity,  or  old  aga  is  usually  insoffl- 
cient,  since  most  refrions  with  any  but  the  softest  rocks  have  more  than  one 
cycle  represented.  If  the  i-egion  is  limited  in  area  or  forms  a  very  small 
natural  unit,  its  topographic  condition  may  be  signified  hy  a  statement  of  Its 
particular  stage  in  thc>  erosion  cycle.  But  the  tenns  youth,  maturity  and  old 
age  are  only  very  general  terms  and  must  be  supplanented  when  applied  to 
any  region  of  considerable  areal  extent.  The  detail  of  topographic  condition 
is  atlcciuately  depicted  only  when  altitude,  relief,  iin<\  form,  size  and  relation- 
ship of  the  physical  features  are  expressed  either  in  figruri:  s  or  comparisons. 
Bat  such  expression  is  burdensome  and  the  effort  is  largely  unappreciated. 
The  only  adequate  way  in  which  the  full  presentation  of  topographic  condi- 
tion may  be  placed  before  the  student  is  by  means  of  the  detailed  topographic 
map. 

In  the  absence  of  the  tojw^ri aphic  map,  resort  i^  often  had  to  the  use  of 
physiographic  terms.  In  addition  to  descriptive  detail,  such  as  altitudes,  reliefs, 
sites  of  streams,  proximity  to  major  streams,  presence  and  nature  of  divides, 
site,  shape  and  relationship  of  topographic  forms,  etc,  such  terms  as  base-level, 
grade,  peneplain,  aggraded  valleys,  rejuvenation,  interrupted  cycle  of  erosion, 
etc.,  are  used,  and  the  whole  is  frequently  illumined  to  a  gi'eat  degree  by  a  dis- 
cussion of  the  lithology  and  regional  and  local  rock  structure  in  their  rdation 
to  the  denudational  agencies  nrtively  producing  the  topographic  forms  present. 
,  But  such  a  treatment  is  explanatoi-y  as  well  as  descriptive,  and  may  be  called 
a  physiographic  rather  than  a  topographic  treatment. 

In  the  presentation  of  the  topographic  coiulition  of  In(1iana,  a  plan  is 
followed  which  involves  both  topographic  and  physiographic  treatment.  A 
detailed  topographic  map  is  not  at  present  available,  hut  a  general  one  with 
a  contour  intor\'al  of  100  feet  arcompaiiies  this  report.  Such  a  large  vertical 
interval  results  in  much  generalization  of  the  topographic  forms.  This  map, 
however,  presents  the  regional  topographic  oondition  of  Indiana  witii  a  much 
greater  degree  of  detail  than  any  map  which  has  heretofore  been  prepared' 

'  Thr  tnpiiurHphii-  nwt>  (1*1.  I)  b  a  pnnluct  of  all  Bvnilablc  tiata  IhnI  th<-  writer  ha»  been 
able  to  procure.  The  followinx  tnpoirniphic  nheetM  of  the  U.  S.  G«ol.  Surv.  furnitlwd  the 
baais  for  approximately  3,RM  aqmrt  idHm  within  the  Stata:  TM  CUty,  OwamboTO,  Htn/tmn, 
Hcndcraon,  Mt.  Vrnnon,  Maw  Hatmonjr.  Mt.  CanMl.  Prineetan.  BIrdi.  VliicamMn,  Ptterabors. 
Valpm.  Dcirnnb  Sprinn.  HaubiUdt.  Baoavllle.  St.  Melnrad,  Daavllla.  Oahinwt,  Tolerton.  Clay 
City.  Bkmminaton.  WInehCitar  and  Xoamowialc.    The  tnpoeraphlr  sb 

stale  boundary  line  were  the  basU  for  the  elevation*  nl<mK  the  eastirn  boumlHiy  liin  of  the 
Stnle.  Appifiximiitoly  3.SM0  llxtcil  clival itin-  nf  the  railway  surveys  «s  piilill»h>il  hy  Hiirrii! 
In  the  niitli  Ann.  Ri  port  of  the  State  (Jeol.  Surv.  have  been  maile  u»e  of.  A  number  of  these 
railMray  !.u^vey^  hnvc  elevations  niarkiil  not  only  at   the  sta'ionR  but  at  the  mile  poaU  alao. 

Thus  the  Monon  JUilway.  extendinit  from  Chicago  to  Louiaville.  from  Moomi  to  IndianapoUa, 
from  Bedford  to  Swtts  Oty.  fiaoi  Wallaca  Jvnettm  to  Shiirlcy  HiN  and  fnaa  Oriauia  to 
French  Lick.  HaU  over  6M  nalle  poet  devatiooa  aloas  Uh»  tvatCK  Vartoua  aimml  nvocta  of 
the  SUte  GnL  Surv.  have  Mattered  tapocraphte  daU  in  them  and  these  have  been  made  toe  of. 

The  Coal  Report  of  Aahleir.  1898,  in  partirulnr  rt>ntnin!«  much  lopovruiihic  >liit«  fur  the  wiuth- 
weatern  part  of  the  State.  The  <writer  hns  mwile  miiny  t(iiMPi;t.i|.hir  -iketrhei.  within  thi'  hilly, 
southern  part  of  th^'  Sin'.  ,  nnd  bus  ilurinir  th<  1h>!  frw  v.ni..  niniiu  !hnuH«nilf  of  barometrie 
rfeterminati.ins.  Th<«<  oonlribiile  larKely  to  the  l<ipoi;i nphic  detail  of  the  rougher  imrli.in  of 
Inrliana.  Whi  rr  pucIm  .l.vHlions  are  aeaaty,  the  KeoloKie  horixons  an  shown  on  Ihr  nreal 
xeoloKic  map  and  the  knowledge  of  stream  gradiento  have  been  vacA  ia  givins  doee  approxima- 
tloaa  to  ahltadct. 
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It  shows  at  once  the  areas  of  small  relief  contrasted  with  those  of  greater 
relief.  Regional  slopesj  escarpmenta,  trenched  valleys,  nature  and  character 
of  both  major  and  minor  dividei,  and  the  altitudes  and  reliefs  are  depicted 

within  a  relatively  narrow  maiffin  of  error.  Its  inclusion  here  is  expected 
to  largely  take  the  place  of  what  would  otherwise  be  a  rather  extended,  descrip- 
tion of  topographic  form  and  condition,  such  as  would  probably  prove  burden- 
Mme  to  the  .student  and  much  less  effective  as  a  preamtation  of  the  topo- 
graphic condition  of  the  state.  The  map  will  be  supplemented  by  a  bi  icf  pre- 
sentation of  the  physical  features  present  in  each  of  the  physiographic  divi- 
bions,  which  in  themselves  present  a  unity  of  topographic  foi  m  and  condition. 
Since  topographic  condition  is  the  chief  basis  of  the  physionrajihic  divisions 
as  here  given,  fecial  attention  is  given  to  iU>  presentation,  and  recourse  to 
phyriographie  terma  is  frequoit,  though  description  itself  is  chiefly  em|d«y«d. 


Much  of  Indiana  belongs  to  the  glacial  plainti  region  of  the  Upper  Missis- 
sippi basin,  and  the  surface  forms  over  large  areas  are  those  produced  by  the 

construrtional  phases  of  Klaciation.  Approximately  30,100  s  uare  miles  of 
Indiana  have  been  subjected  to  glaciation,  while  only  about  6,250  square  miles 
have  not  been  touched  by  glacial  ice.  The  unglaeiated  area  in  the  middle- 
western  portion  of  the  soulhcrn  thii  d  of  the  state  is  f re  juently  spoken  of  as 
the  driftless  area  as  opposed  to  the  glaciated  area.  Such  a  division  of  the 
state  is  often  regarded  as  the  most  natural,  and  in  the  treatment  which  fol- 
lows this  distinction  will  frc<iuently  be  made,  thouu'h  the  limit  of  i^acial  drift 
is  not  used  here  as  a  basis  of  division  into  regional  units. 

The  area  north  of  the  Wabash  River  still  largely  retains  the  original 
forms  following  continental  glaciation  in  the  zone  of  iee  wastaj^.  Little  modi- 
fication by  running  water  has  taken  place,  and  such  as  has  taken  place  has 
resulted  in  radaeUon  of  rdief.  Where  obstructed  drainage  following  ghulAtion 
gave  rise  to  lakes,  great  tracts  now  exist  as  flat,  monotonous  lacustrine  pteins, 
such  as  those  adjacent  the  Kankakee  River  and  the  middle  Tippecanoe  basin. 
Local  areas  of  silted-up  basins  occur  commonly  along  ^stream  courses.  Where 
the  moraines  were  piled  high  near  the  headwaters  of  the  streams  in  the  north- 
eastern part  of  the  state,  many  lakes  still  exist,  and  the  topography  is  often 
rugged,  consisting  of  variable  forms  of  glacial  construction  which  are  now 
being  destroyed  and  levelled  through  drainage  devdl^ment. 

The  middle  portion  of  Indiana  is  largely  n  great  till  plain  which  has 
been  modified  to  only  a  slight  degree  by  stream  action.  No  lakes  exist,  though 
marshes  and  swamps  were  formerly  common  throughout  most  of  the  territory 
and  have  since  been  drained  artificially.  This  (jfi  t'at  till  plain  of  central 
Indiana  is  remarkably  level,  and  is  representative  of  a  gieat  fjround  moraine 
witih  only  slight  devdApment  of  terminal  moraine  topography  locally.  Local 
rdief  is  very  slight  even  where  the  best  develojied  terminal  moraines  are 
present,  farther  south  the  gladal  plain  is  older  and  the  streams  larger. 
GonsideraUe  dissection  of  thft-gladal  plain  has  taken  place  along  the  Wabadi 
Hiver   in  the  area  between  Lafayette  and  Teire  Haute. 

The  southern  third  of  the  state  as  a  whole  is  rugged,  though  notable 
emqitions  occur.  The  acme  of  rdief  diversity  is  reached  in  the  unglaeiated 
or  driftless  portion  of  .southern  Indiana.  The  region  bordering  the  Ohio  River, 
though  the  portion  above  JelTersonville  was  once  subjected  to  glaciatiop,  repre^ 
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Mnts  ths  MVerest  relief  of  the  entire  state.  The  severity,  however,  dies  out 
along  the  lower  third  of  the  Ohio,  or  from  near  the  mouth  of  Anderson  Creek, 
below  Cannelton  to  the  mouth  of  tiie  Wabaeh  Kiv^r.  All  of  ^e  drlftlesa  area 
north  of  the  Ohio  River  between  New  Albany  and  Troy  at  the  mouth  of  Ander- 
son Creek  is  very  ni^Ked.  The  relief  diversity  does  not  die  out  at  the  glacial 
drift  margrin,  but  continues  northward  in  Morgan  and  Owen  counties  in  par- 
ticular. The  much  dissected  and  hilly  upland  portion  of  the  state  may  be 
largely  ascribed  to  the  resistant  rocks  present  and  to  the  relative  youth  of 
the  Ohio  River  as  a  trunk  stream. 


The  altitudes  within  the  state  fall  between  the  maximum  of  1,285  feet 
in  southern  Randolph  county  in  the  middle-eastern  part  of  the  state,  adjacent 
to  the  State  of  Ohio,  and  the  minimum  of  81S  feet  at  the  mouth  of  the  Wabash 

in  the  oxtieme  southwrstern  part  of  the  state.  Approximately  1,600  .square 
miles  in  area  have  an  altitude  of  1,000  feet  or  more.  The  largest  area  com- 
prising about  1,400  square  miles  centers  In  southern  Randolph  County  and 
includes  portion.s  of  Randolph,  Jay,  Henry,  Hancock,  Wayne,  Union,  Fayette, 
Rush,  Franklin,  Decatur,  Ripley  and  Dearborn  Counties.  A  second  area  of 
about  190  square  miles  comprises  portions  of  Steuben,  Lagrange,  Noble  and 
Ddtalb  counties  in  the  high  morainul  northeastern  portion  of  the  state.  Small 
areas  and  isolated  hills  reach  1,000  feet  or  slightly  above  in  Floyd,  Clark, 
Washington,  Scott,  Bartholomew,  Brown  and  Monroe  Counties  within  the 
driftless  area  of  the  state,  and  moruinal  material  in  Hendricks  and  Elhart 
counties  also  reach  slightly  above  the  1,000-foot  contour.  The  aggregate  area 
of  these  smaller  heights  of  1,000  feet  or  more  is  approximately  10  square 
miles.  A  maximum  elevation  of  1,000  feet  or  more  is  attained  in  26  counties,  as 
above  named.  Approximately  '2.2.^>o  s  quare  miles  in  area  in  Indiana  lie  below 
the  500-foot  contour  line.  Nearly  all  of  ihii!  area  lies  in  the  southwestern  part 
of  the  state,  though  the  500-foot  contour  line  passes  beyond  the  state  into  Ohio 
up  the  Ohio  River,  and  up  the  Wabash  valley  into  Tippecanoe  County. 
Thirty-three  of  the  ninety-two  counties  are  touched  by  the  500-foot  contour 
line.  Just  as  no  single  county  has  all  of  its  area  above  the  1,000-foot  contour, 
so  no  county  i.s  entirely  below  the  ."jOO-foot  contour.  Thus,  approximately  1.1 'v 
of  the  area  of  Indiana  is  1,000  feet  or  more  in  elevation,  and  approximately 
6.2%  is  below  GOO  feet  in  elevation.  An  area  of  82,600  square  miles  or  89.4% 
of  the  state  lies  between  the  .^)no-fnfit  and  the  1,000-foot  contour  line.^.  The 
average  altitude  of  the  state  as  based  on  the  estimates  of  the  average  alti- 
tudes of  the  counties  as  shown  in  the  accompanying  table  is  760  feet  above 
sea  level. 

The  accompanying  Uble  of  elevations  and  reliefs  reveals  many  interesting 
features  relative  to  tiie  topographic  condition  of  Indiana.    As  noted  above, 

twenty-six  counties  have  a  maximum  elevation  of  1,000  feet  or  more.  Eleven 
counties,  in  the  southwestern  part  of  the  state,  have  maximum  elevation  below 
700  feet.  Only  one  county,  Posey,  has  a  maximum  elevation  below  600  feet. 
Randolph  and  Steuben  counties  have  minimum  elevations  above  900  feet. 
Thirty-three  counties  liave  minimum  altitudes  below  50U  feet,  and  eleven 
counties  have  a  minimum  of  400  feet  or  leas.  Harri.son,  Floyd.  Clark,  Wash- 
ington, Monroe  and  Urown  countie-^  of  the  driftless  area,  and  Dearborn  and 
Jefferson  along  the  Ohio  River  and  Franklin  on  the  deeply  dissected  portion  of 
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the  Whitewater  basin,  have  maximum  reliefs  greater  than  500  feet,  %nd  three 
of  these,  Clark.  Floyd  and  Harrison,  have  inunediate  reliefs  raceeding  500  feet. 
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The  greatest  immediate  relief  in  the  state  found  in  Hurri.son  County  on  the 
Ohio  Kiver  bluff,  just  south  of  the  Floyd  and  Harrison  county  line,  where  a 
hill  (Locust  Point)  near  brow  of  the  MulT,  reaches  an  altitude  of  980  feet, 

and  scarcely  one-half  mile  distant  from  the  cre.^t  nf  the  tiill  low  water  of  the 
Ohio  Kiver  in  370  feet  above  .sea  level,  giving  an  immediate  relief  of  (ilU  feet. 
Nine  counties  have  maximum  local  reliefs  of  400  feet  or  more;  twentjr-one 

counties  have  r?00  feet  or  more,  and  thirty-three  counties  have  200  feet  or  more. 
Tipton  County  has  the  least  local  relief  in  the  state,  though  Newton,  Jasper 
and  Pulaski  eountiee  wi^  their  treat  extent  of  lacustrine  plain  rival  Tipton 

County  in  flatii(s,>,  and  Pula-ki  County  exceed-  it  in  levelnc.s.-.  having  a  maxi- 
mum relief  of  only  UO  feet.  Twenty-two  counties  in  all  have  an  immediate 
relief  of  90  feet  or  less.  Only  three  counties,  Randolph,  with  an  average  alti- 

tndeof  1,110  feet,  Henry  with  1,010  feet  and  Wayne,  with  I.O:?.".  feet,  have  an 
average  altitude  of  1,000  feet  or  more.  Six  counties  consi.sting  of  iCnox,  Gibson, 
Posey,  Vanderhorgh,  Waniek  and  Spencer,  all  bordering  the  Wabash  or  Ohio 
rivers  in  the  southwestern  part  of  the  state,  have  an  average  altitude  less 
than  500  feet.  As  stated  above,  the  average  altitude  of  the  entire  state  is 
estimated  to  be  700  feet  above  sea  level.* 


'  G«rl>y  cmiiiiiiltil  fh<-  n\i'riii.'(  iihitiKlo  ot  IntliHtin  l«  be  800  feel  (Si.Meenih  Ann.  Kept*. 
Ind.  Grol.  Surv.  for  i><i>i.  i'.  jiTi  mi. I  (ijnuictt  ■iwie  Ml  MtiniBte  of  700  ftat  (Thirteenth  Aaii. 
Rennrt.  U.  S.  CcoL  Surv..  1893,  p.  269). 
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Introtluctory 


Dryer  It  phynographic  divmoHH.  Drj'er"  divides  Indiana  into  three  phys- 
ioRraphic  refnons:  1.  Soutkem  Indimui.  2.  The  Centrat  Drift  Plaht.  8. 
Th«  Northf  rii  Moritiyic  mid  Lake  Region.  Southern  Indiana  is  further  di- 
vidcd  from  east  to  west  into  "a  succession  of  lowlands  and  uplands  bounded 
by  rdatiyely  steep  slopes  or  «Mar|mi«nt8  formed  by  the  outcropping;  edges 
of  the  harder  -trata."  These  divisions  of  Drj'er's  from  east  to  west  are: 
Thf  Ka»tem  Lowland,  divided  from  the  Middle  Lowland  by  the  Limenton* 
tsearpmeni  which  is  described  as  extending  from  near  Madison  northward 
about  40  miles.  The  Middh  ['idin  ii  m  cupies  the  middle  of  Southern  Indiana 
and  is  divided  from  the  Middh  I.<nrl(ind  by  the  Kuohstone  ei^carf>nienf  which 
passes  northward  from  the  Ohio  River  near  New  Albany  to  Johnson  County. 
The  Western  Lowland  is  the  westernmost  of  the  divisions  in  Southern  In* 
diana  and  is  sepnrate<]  from  the  Miiidli-  I'l'lmid  "by  a  descent  almost  as 
abrupt  [as  the  Knobstone  escarpment]  but  about  half  as  high,  formed  by 
a  bed  of  sandstone."  Southern  Indiana  is  limited  to  the  area  south  of  the 
Wisconsin  g:lacial  drift  as  represented  by  the  rather  low  ShclbyA'ille  moraine. 
The  Cetitral  Drift  Plain  is  not  divided.  Its  eouthern  boundary  is  given  as 
the  SiidbyviUe  moraine,  and  its  northern  boundary  is  dceiirnated  as  'Hhe 
valleys  of  th<  St,  Jo-c  )ih  and  Wabash  Rivers  from  nnt  thri-n  Allen  County 
to  southern  Warren."  The  Northern  Moraine  and  Luke  Rtyion  constitutes 
tlM  remainder  of  tlie  state  and  is  divided  into  a  number  trf  divisions  on 
the  physiof^raphic  map,  but  no  distinct  limits  are  given  to  the  minor  divisions. 

f'dsis-  iii  present  ph]i.tio{jvnphir  divijtions.  Dryer's  classification  of  the 
natural  or  physiographic  units  of  Indiana  is  not  u.sed  in  this  treatise,  though 
a  number  of  the  units  are  approximately  equivalent.  His  Ea9lem  lowland 
i«  essentially  an  upland,  though  deeply  disserted  by  the  Whitewater  and 
Ohio  liivers  and  tributaries.  Part  of  his  Middle  lowland  is  a  rather  high 
upland  area.  No  sandstone  escarpment  marks  the  westmi  boundary  of  his 
Middle  upland.  The  ma.ssive  Mansfield  sandstone  is  present  there,  but  it 
gradually  dips  beneath  the  softer  Pennsylvanian  shales  which  overlie  it.  It 
may  also  be  mentioned  that  the  division  line  drawn  aersas  sooCheni  Indiana 
at  thi'  [Hacial  drift  marRin  by  Fenneman  in  his  "Physiographic  Divisions 
of  the  United  States'""  is  not  used,  since  the  characteristics  of  the  Low  Interior 
Plateaus,  or  more  properly  the  Htfrhland  Rim  Provinee,  are  still  retained  a 
considerable  distance  north  of  the  phirial  hoi  n<!aty  line.  The  Indiana  por- 
tion of  the  Illinoian  drift-covered  section  only  slightly  modifies  this  northern 
portion  of  the  Hiirhland  Rim  Provinee,  as  most  of  the  characteristic  topo- 
graphic forms  and  reliefs  prevail  as  far  north  as  the  Wi.scon>in  drift  margin, 
where  the  glacial  drift  largely  obscures  the  underlying  bed-rock  features. 
From  the  larger  point  of  view  it  is  probable  that  Fenneman's  division  line 
drawn  at  the  olde>t  drift  margin  is  the  most  natural  position,  but  when 
smaller  areas  and  divisions  are  considered  the  thin  mantle  of  older  drift, 
often  largely  removed  by  erosion,  does  not  stand  out  topographically  from 
the  wholly  driftless  area  adjacent  to  it.  The  scheme  followed  here  is  to 
allow  the  several  separate  divisions  of  the  southern  portion  of  Indiana  to 
extend  as  far  north  as  their  topographic  forms  and  the  relief  condition 

'GMgmplqr  of  IndtaiiHi:  Sappkmcnt  to  Mish  Sohool  0««i«phjr.  Amcr.  Book  Ok,  If  It, 
**FtauMMii,  AaMis  or  Anoe.  of  Aiiwr.  Owcr..  Vol.  VI,  ISU,  pp.  IMS,  pL  I. 
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are  diameteristic  regardless  of  gladatton.    These  several  units,  however, 

may  be  said  to  possess  a  glaciated  section  as  contrasted  to  their  unjrlaciiittvl 
section.  The  regional  units  &s  shown  on  the  physiographic  mup  accompanying 
this  treatise.  (PI.  II)  are  of  equal  ranlc.  thouirh  the  areas  are  far  from 
equal*  espfrially,  when  n-K-urded  as  limitcri  to  Inditina. 

Differences  in  the  topographic  condition  of  different  pavis  of  the  south- 
em  older  portion  of  Indiana  (older  both  from  the  standpoint  of  geologic 
history  and  physiographic  development)  pive  rise  to  a  number  of  rc^i^ional 
units  which  are  more  or  less  tiharply  separated  from  each  other.  These 
regional  units  rather  alternate  from  east  to  west  br  regions  of  great  relief 
diversity  and  regions  of  much  less  relief.  It  may  In  said  here  that  ihe 
unity  of  topographic  forms  characterizing  each  of  the  alternating  unitn  is 
even  more  striking  than  the  unity  of  relief  condition.  The  topographic  con- 
dition of  each  regional  unit  is  largely  the  result  of  the  condltiMiing  effect 
of  the  underlying  rock  in  its  control  over  the  land  features  as  sciUptured 
by  denudational  agents,  and  as  a  result  of  such  lithologic  control  the  re- 
gitmal  units  correspond  rather  closely  with  the  lithologic  and  geologic  divi- 
sions. 

The  names  of  the  physiographic  divisions  of  Indiana  as  here  presented 
are  as  follows:  Dearborn  upland,  Mujtcatntuck  regional  slope,  Scoltshurg 
loii-ltiud,  \nriiiin'  iijihnid,  Mitchi  U  plnih.  C ni  u  fonl  upland,  Wahasli  loirUnid, 
Tipton  till  plain,  and  tlw  Xorllieni  Moruiiir  atul  Lake  region.  The  Northern 
Morahu  and  Lake  reffioH  is  subdivided  into  live  units  which  are  given  geo- 
graphic names  as  follows:  dtluiuet  larn^t  ritw  srctiov,  \'iif[>nniis(>  nioniitie 
section,  Knnkakec  lacustrine  section,  Stiuben  mominnl  lake  sect  on  and 
Maumee  io/euatrine  section. 


EyU  iit  anil  l><  iiiul'i An  area  in  southeastern  Indiana  oxten  i  •* 
southward  from  southern  Wayne  County  to  the  Ohio  liiver  in  a  strip  ulr  -'. 
26  miles  wide  and  75  miles  long  is  marked  by  con.<(iderab1e  relief  diversity. 
The  area  is  an  upland,  the  undissertt'd  si  rfacc  and  surface  remnants  of 
which  vary  from  about  800  feet  in  elevation  to  about  1,100  feet.  Streams 
have  trenched  ttiis  upland  from  200  to  500  feet  below  the  general  upland 
surface,  thou^  much  of  the  upland  surface  is  still  preserved.  Thi.n  regional 
strip  in  Indiana  comprising  about  \,'^2T>  s  uare  miles  is  a  portion  of  a  larger 
area  which  extends  ea-tward  into  Ohio  chiefly  south  of  the  Wisconsin  drift 
limit,  and  also  south  into  Kentucky  where  it  makes  up  a  portion  of  the  Blue 
Grass  Rejrion.  To  this  upland  area  tb<'  name  of  Diinhnni  \ipland  is  uivrn 
from  its  tj'pical  development  in  and  tliroujrhout  Dearborn  County,  Indiana. 
Only  a  part  of  the  boundary  line  of  the  Dearborn  upland  lies  in  Indiana. 
BcKinninjr  on  the  bluffs  of  the  Ohio  Biver  west  of  Indian-Kentuck  Creek  some 
5  or  6  miles  east  of  Madison,  the  western  boundary  in  Indiana  trends  almost 
north,  not  considering  irregularities.  The  line  passes  around  the  West  Fork  . 
of  Tjulian-Kcntuck  Ci  rck  jii>t  hi  yon d  the  .Trffcrson  County  line  and  then  re- 
turns to  within  a  short  distance  of  the  junction  of  the  two  forks  of  Indian- 
Kentuck  Creek,  but  in  the  angle  between  them,  and  thence  northward  around 

the  headwaters  of  thr  r;  t  fork  somewhat  east  of  the  villape  of  Cross  I'lains 
in  southeastern  Uipley  County.    From  here  it  passes  northward  along  the  crest 
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of  a  scarp  just  west  of  Laujfhery  Creek  formed  by  the  rather  resistant  Niagara 
limestone.  This  escarpment  is  not  everywhere  distinct;  but  it  is  distinct 
i-nouf^h  to  trace  mainly  west  of  Indian-Kcntuck  Creek  and  just  west  of  LauRh- 
erj'  Creek,  where  it  is  well  developed,  and  as  far  north  as  southeastern  De- 
catur County.  It  is  here  called  the  Ltuighcrj/  eHctirpmettt  after  its  typical 
development  just  west  of  Lauphery  Creek  through  middle  Ripley  County.  The 
boundary  from  southeastern  Decatur  County  may  be  defined  as  the  divide  be- 
tween Whitewater  and  the  east  fork  of  White  Hiver  drainapc,  as  the  Lau^hei^ 
escarpment  is  mostly  obscured  by  f^lacial  drift.  The  line  passes  from  Decatur 
County  into  southeastern  Rush,  and  thence  slijfhtly  cast  of  north  into  Fayette 
to  the  northwestem  comer  of  the  county.  The  northern  edge  of  the  Dear- 
born upland  merges  into  the  rather  undissected  glacial  plain  to  the  north  in 
southern  Wayne  County.    It  is  rather  arbitrarily  di%wn  from  northwestem 


Flu.  LotiK.  o\-<-n>t<i|>|if<l  ji[>urii  oxteiid  ii<i  i>i'omontorie«  bclwccn  the  narrnw  vatlcya  in  thv 
HinwcU'd  portion  of  the  IKnrl«>rn  upIhikI.  S1<f|i.  unlfnrin  slopei-  abiiunil,  with  rnrcly  ever  n 
bluff  or  cliff.  View  alonK  hisbway  between  Dillubnro  and  Auri>ra.  in  ravini-  lendint:  into  South 
Hotran  Creek. 


Fayette  County  eastward,  bending  around  Richmond  to  the  north  and  passing 
into  Ohio  southeast  of  Richmond. 

Topographic  Condiiion.  The  Dearborn  upland  in  Indiana  is  compo.-jed  of 
the  drainage  basin  of  the  Whitewater  River  and  a  number  of  .smaller  basins 
to  the  .south  which  discharge  directly  into  the  deeply  entrenched  Ohio  River,  in 
Dearborn,  Ohio,  and  eastern  Jcffcr.son  counties.  The  maximum  altitudes  vary 
from  850  feet  to  slightly  over  1,100  feet,  while  the  Ohio  River  has  an  elevation 
of  about  420  feet.  The  Ohio  River  is  the  ba-^e  toward  which  the  stream.s 
draining  the  Dearborn  upland  are  cutting.  Since  most  of  the  streams  are 
short,  the  fall  from  the  upland  headwaters  is  relatively  great.  They  have 
trenched  the  upland  plain  deeply,  and  the  local  relief  is  usually  measured  in 
hundreds  of  feet.  Along  the  main  .=treams  the  slopes  arc  most  frecjuently 
quite  steep,  though  bluffs  are  rare.    Steep  slopes  are  the  rule,  and  long,  evenly 
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elevated  toii^rurs  of  upland  lie  between  the  deeply  trenched  valleys.  Valley 
lands  arc  frrquently  well  develflped,  but  never  of  gretit  width.  Terraces  of 
fflacial  outwsish  flank  the  present  flood  plain  of  the  Whitewater  River.  Areas 
of  upland  near  the  headwaters  of  the  streams  are  notably  flat  and  often  <iuite 
octenrive.  Most  of  the  cUvkks  between  the  streains  rise  to  approximately  the 
same  elevation,  so  that  a  view  from  one  of  them  presents  an  even  sky-line  of 
upland  area.  A  rather  extensive  upland  tract  of  marked  flatness  occurs  in 
western  Dearborn  and  eastern  Ripley  counties  east  of  the  headwater  portion 
of  LauKheiy  rrtok.  Tl>is  tvnct  of  upland  rises  sliphtly  above  the  1,000-foot 
contour,  and  is  excellently  shown  on  the  topographic  map.  It  is  a  portion 
of  the  upland  plain  which  has  not  yet  been  severely  acted  upon  by  streams.  The 
nearfKirn  upland  nt  its  northern  ed^e  merpes  into  the  glacial  plain,  but  in 
southern  Wayne  County  stream  dissection  becomes  rather  severe  and  ton{^eK 
of  upland  begin  to  show  between  the  entrenched  valleys.  The  region  as  a 
whole  presents  a  beautiful  panorama  of  elevated,  prolonged  divides  flanked 
by  smooth,  steep  slopes  and  ending  in  rounded  spurs  overlooking  relatively 
narrow  valby  lands  often  hundreds  of  fast  below.  (See. Fig.  2.)  Distant 
from  the  main  valleys  the  elevated  upland  twigucs  merge  into  rather  flat  up- 
land  tracts  of  considerable  extent. 


Eatent  and  boundarien.  Just  west  of  the  Dearborn  upland  lies  the  most 

notable  rcfrional  sloi>e  in  the  entire  state.  This  frroat  re^rional  slope  botrins  at 
the  crest  of  the  divide  between  the  Whitewater,  Laughery,  and  Indian-Kentuck 
basins  and  east  fork  of  White  River  and  Muscatatuck  basins.  This  line  was 
traced  above  a.s  the  western  boundary  of  the  Deathorn  upland.  It  slopes  u  tst 
and  south  for  twenty-Ave  or  thirty  miles  and  merges  into  a  broad  lowland  which 
lies  east  of  a  great  escarpment.  It  embraces  eastern  Clark,  a  small  portion 
of  .southeastern  Scott,  middle  and  western  Jefferson,  western  Ripley,  all  but 
southwestern  Jennings,  nearly  all  of  Decatur,  northwestern  Bartholomew,  and 
the  southern  two-thirds  of  both  Shelby  and  Rush  cornties,  comprising  about 
1375  square  miles.  Across  the  Ohio  River  in  Kentucky  it  i.s  well  represented, 
and  is  usually  considered  a  portion  of  the  Blue  Grass  Region.  It  is  here 
named  the  Miuicatiituck  regioniU  slope,  from  its  typical  development  as  a  well 
defined  slope  alon^'  the  numerous  tributaries  of  Muscatatuck  River  in  Ripley, 

Jenninps,  anri  .T«tTrrson  counties.  As  a  reprionul  slopi  it  merpes  rather  in- 
distinctly into  the  lowland  area  on  the  wtsL  and  the  glacial  plain  on  the  norlii. 
From  the  Ohio  River  north  its  western  boundary  may  be  given  as  the  divide 
between  Fourteen  Mile  and  Silver  creeks  in  Clark  County,  thence  north  to 
Lexington,  where  it  bends  to  the  east,  but  returns  to  its  northward  alignment 
again  at  the  westernmost  boundary  line  of  Jefferson  County.  It  again  bends 
eastward  to  near  Deputy  and  Paris  Cro.ssinp,  and  then  turns  to  the  north- 
west and  north  past  Weston  to  Hayden.  Here  it  turns  southwest  nearly  to 
the  Jennings  county-line,  which  it  follows  to  the  northern  boundary,  where 
near  Elizabethtown  it  becomes  identified  with  the  Shelb>'\'ille  moraine  which 
it  follows  to  near  Clifford  Station  in  northeastern  Bartholomew  County.  From 
Clifford  Station  it  eontinnes  north  and  slightly  west  to  near  the  middle  of  the 
eastern  line  of  .Johnson  County  where  the  reirii>ii;i!  -loiic  is  pi;;ftically  lost  in 
the  glacial  plain.  The  northern  indistinct  boundary  is  drawn  broadly  from 
the  middle  of  t3ie  east  line  of  Johnson  County  northeast  to  the  noithwestem 


The  Muscatatuck  Rcgicmal  Shqie. 


Hand  Book  of  Indiana  Geology  87 

corner  of  Fayette  County  where  it  joins  the  northern  end  of  the  eastern  boun- 
dary, as  described  above." 


FIk.  3.  View  of  the  Muicatatuck  rvRional  sIoik'  at  North  Madlsion.  Hitc  the  plain  Is  about 
880  ted  in  altitudo  to  the  very  blulf>  of  the  dtt-|ily  Intrrnrhnl  Ohio  River.  View  xhowii  the 
li>\'ctneiiii  of  an  )nterittr«<«m  i>|iaci-.  Thin  |>lain  in  alrurtiiml.  hnvinic  \>evn  <lrvc-l<i|Hxl  nn  the 
Silurian-Devonian  Itinrslone  unit.  No  bevolinic  towardn  the  Ohio  River  orrurs  In  the  virinity 
[tf  MailiiMtn.     View  taken  kxiklnK  towanl  Ohio  River  vxlley.  whieh  i»  distant  about  one  mile. 


Tujnigritfthic  Condition.  The  eastern  cdpc  of  the  Mu.scatatuck  ref^ional 
slope  near  the  Ohio  River  has  an  elevation  of  875  feet,  but  gradually  ri-sea  to 
the  northward  where  its  elevation  is  about  1,100  feet.  The  western  ed(re  of 
the  regional  slope  is  about  500  feet  near  the  Ohio  Uiver  and  about  725  feet 
at  the  north.  At  the  north  it.s  surface  is  composed  of  the  Wisconsin  glacial 
drift  which  is  rather  thin.  It  merges  broadly  into  the  glacial  plain  to  the 
north.  South  of  the  Wi.sconsin  glacial  drift  it  is  much  more  dissected,  and 
across  the  Ohio  River  in  Kentucky  it  is  very  highly  di.ssccted  by  stream  action. 
As  a  regional  slope  it  descends  to  the  southwest  at  the  rate  of  about  15  feet 
to  the  mile,  and  the  streams  heading  at  the  crest  of  the  Laughery  escarp- 
ment follow^  the  slope  rather  precisely  in  many  parallel  rather  shallow  grooves 
with  rather  small  tributaries  which  enter  the  main  stream  in  accordance  with 
the  regional  .slope.  In  Jennings,  Jefferson  and  Clark  counties  the  streams  are 
canyon-like  in  character,  but  arc  never  entrenched  deeper  than  175  feet  below 
the  gently  inclined  plain.  Where  the  greatest  entrenchment  occurs,  the  tribu- 
tary streams  have  di.ssected  the  upland.  Such  dissection  is  typically  and  best 
illu.strated  along  the  Mu.scatatuck  in  central  Jennings  County,  near  Vernon. 
Between  the  streams  the  slope  is  typically  quite  flat,  and  the  gentle  southwest- 
ward  slant  is  not  perceptible  to  the  eye.    The  thin  veneer  of  Illinois  glacial 

"The  M»*ratatHrl;  iittu">iil  ulupt  Is  .t|i|tr<ixiniati'ly  •.niuivnlenl  ti>  the  " A.'itKf4'rn  I'laltau"  a( 
Newaom.  See  A  UeolotrirnI  Section  ArriMK  Soulhorn  Indiana,  from  Hanover  to  Vincenneii:  Jour 
Ueol.,  Vol.  fi,  IHOH,  i>|i.  2-'iO-2ri6.  Newwim  only  by  ini|>liration  ineludeH  the  nnu  hen-  ihniKnnled 
the  Oearborn  upland  in  hia  "KoMtrm  I'latitm"  arvn. 
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drift  obseureB  the  bed-rock  in  the  inler.^tream  areas,  but  its  depth  is  never 
great.  The  streams  passinff  down  the  slope  arc  almost  everywhere  set  in 
limestone  and  have  precipitous  blulls  and  very  narrow  flood  plains  in  the 
middle  portion,  but  in  the  eastern  i»art  ttiey  flow  over  the  surface  with  little 
entrenchment  and  with  a  fall  very  little  Rreater  than  the  westwanl  (iescent  of 
the  regional  slope  itself.  The  Ohio  River  crosses  the  regional  slope  as  a 
master  stream,  and  at  the  eastern  edge  the  exeeedingly  narrow  valley  is 
bordered  by  steep  bluffs  400  to  4r>0  feet  hiffh.''  The  heipht  of  the  bluffs  dimin- 
ishes to  the  west  in  accordance  with  the  descent  of  the  slope  itself,  and  at 
the  west  are  less  than  100  feet  in  height.  The  anomalons  feature  of  the  Ohio 
trough  across  the  slope  is  the  entire  lack  of  beveling  of  the  upland  in  the  vicin- 
ity of  the  trough.  The  upland  is' just  as  highly  elevated  at  the  very  edge  of 
the  blufT  as  it  is  miles  back  from  it.  The  trench  through  the  Dearborn  upland 
to  the  east  is  a  rather  striking  gorge,  but  it  is  not  wholly  without  beveling. 
This  feature  is  one  of  the  Strongest  evidences  of  the  youth  of  the  Ohio  River 
as  a  trunk  stream. 


Extviit  1111(1  hniiiiddi  ii's.  The  western  edpe  of  the  Muscatatuck  regional 
slope  merges  rather  imperceptibly  into  a  lowland  of  slight  relief  characterized 
by  great  expanses  of  valley  land  along  the  streams  and  a  notable  lack  of 

bluffs  or  steep  slopes.  This  lowland  lie.s  between  the  Muscatatuck  regional 
slope  on  the  east  and  a  well  defined  escarpment  on  the  west,  and  extends  from 
southeastern  Johnson  County  southward  into  Kentucky.  The  name  of  SeotU- 
burg  loirUind  is  here  proposed  for  this  regional  lowland.  The  name  is  taken 
from  Scottsburg  in  Scott  County,  Indiana,  where  the  lowland  is  excellently 
developed.  It  comprises  an  area  of  about  950  s(|uarc  miles  in  Indiana.  Its 
western  line  lies  at  the  foot  of  the  K)'<>biitnne  cscnrpnuut,  the  largest  and 
mo.st  prominent  topographic  feature  in  Indiana,  and  is  therefore  well  defined. 
Beginning  at  the  Ohio  River  .southwest  of  New  Albany  the  line  passes  north- 
ward and  slightly  eastward  to  southern  Scott  County  just  west  of  the  village 
of  Undei-wood.  This  line  is  direct  with  the  exception  of  a  few  minor  valley 
irregularities  and  a  considerable  westward  indenture ' where  Muddy  Fork  of 
Silver  Creek  comes  in  from  the  adjacent  upland  area.  From  Underwood  the 
line  passes  northwest  alonp  the  foot  of  the  ragged  and  di.ssected  escarpment 
adjacent  to  the  flood  plain  of  the  Muscatatuck  River.  At  the  junction  of  the 
Muscatatuck  and  White  rivers  the  line  is  drawn  acrras  the  valley  to  the  foot 
of  the  .'!.')0-fo()t  escarpnienl  southwest  of  Medoi  a;  it  pas>cs  just  west  of  Medora, 
and  to  the  northwest  into  southwestern  Bartholomew  County  where  it  curves 
back  to  a  northwest  direction.  The  escarpment  becomes  obscured  by  glacial 
drift  in  .southei-n  Johnson  County  and  the  Scottsburg  lowland  itself  merges 
with  the  glacial  plain  to  the  north  in  the  vicinity  of  Franklin.  The  western 
line  as  described  is  also  the  boundary  line  txitween  the  Illinois  drift  covered 
area  and  the  driftless  area,  except  for  the  regrion  south  of  the  entrance  of 
Muddy  Fork  of  Silver  Creek  in  Clark  County  and  a  SRUUI  portion  of  the  line 
north  of  northwestern  Bariliolomew  County." 

Si*  "The  (M-ology  i>f  JrtTci-Min   C'ounly"  by   fSlenn  CulJ>rr1it<in,   Kith  Ann.  Re|>t.,  Ind. 
Dept.  of  Gvol.  and  Nat.  Ren.  for  1915. 

»Tlw  ScolUburv  ktwhind  la  dcacribcd  by  NewMim  m  the  "EMtern  lowtand.**  Sec  Ncwaom. 
Joar.  Ocol..  Vol.  C.  ISM.  p.  SB2. 


The  Scottsburg  Lowland. 
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Topopriiphic  Couditioiis.  The  Sc-olti-buiK  lowland  is  throutrhout  most  of 
its  extent  a  broad  shallow  concavity  broken  by  two  or  three  outlcU*  to  the 
west  where  the  main  druinajre  lines  pass  out  of  the  rejfion.  The  concavity 
first  becomes  apparent  in  southern  Johnson  County  alonp  Youn^js  Creek,  and 
extends  sliphtly  east  of  south  ulonK  the  line  of  Blue  River  and  White  River 
throuj^h  Bartholomew  County  where  it  b<'comcs  a  prominent  lowland  hundreds 
of  feet  below  the  upland  on  the  west.  White  River  turns  to  the  southwest  at 
the  southern  line  of  Bartholomew  County  and  the  "concavity  follows  the  broad 
valley  in  conjunction  with  that  of  White  Creek.  South  of  V'allonia  in  Jack.^on 
County  the  Muscatatuck  prong  of  the  lowland  merges  with  the  White  River 
portion,  and  the  drainage  discharges  out  of  the  lowland  through  the  gorge-like 
valley  of  White  River  to  the  west.  But  the  main  concavity  continues  in  a 
Foutheasterly  direction  from  northeastern  Jack.son  County,  past  Se>'mour  and 
Crothersville  to  Scottsburg,  cro.ssing  obliquely  the  several  forks  of  the  Musca- 


Flg.  4.  Th^  Brownrtown  hilU  kr  viewed  fir>m  n<«r  Brown«t«wn.  Jarktion  County.  Tho«e 
hilU  repreacmt  an  upland  ma*»  itiolatcd  from  the  Norman  upland  by  rtrrnm  pmsion.  Th<>y 
ovcrlouk  th*  hrmd  vallfy  of  WhlU-  Ri»«*r  on  Ihc  north.  whil«*  lo  the  south  lies  the  valloy  of 
thi'  Muiiratalurk.  Durinn  thf  Illinois  tdarial  ntaue  the  upper  parts  of  thi/si-  hllU  xtiKMl  above 
the  continental  icoaheet  nn  a  nunalak. 


tatuck  to  Silver  Creek.  Silver  Creek  forms  the  axis  of  the  lowland  to  the 
Ohio  River.  Along  the  axis  of  the  lowland  from  southern  Johnson  County  to 
the  Ohio  River,  the  elevation  is  everywhere  below  700  feet,  and  from  southern 
Bartholomew  County  to  the  Ohio  River  it  scarcely  exceeds  600  feet.  At  the 
di\ide  north  of  Silver  Creek  near  the  north  line  of  Clark  County,  the  elevation 
reaches  62.")  feet,  though  here  considerable  roughness  exists,  and  much  greater 
elevations  occur. 

In  the  angle  between  Mu.scatatuck  and  White  rivers  northeast  of  their 
junction  and  west  of  the  main  axis  of  the  lowland,  an  upland  area  of  25  or  30 
.s(|uare  miles  ri.ses  to  a  maximum  height  of  300  feet  above  the  lowland.  This 
upland  mass  is  greatly  dissected  and  is  known  as  the  "Brownstown  Hills." 
On  the  southwest  and  south  the  slopes  of  this  upland  mass  are  cjuitc  .steep, 
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and  from  all  sides  it  is  in  greni  contrast  to  the  low  relief  of  the  lowland.  On 
the  north  and  west  it  is  flanked  by  sand  danes  with  a  hammocky  topography 
of  the  kiwh  and  basin  type,  but  with  small  local  relief.  The  dunes  do  not  ex' 
oeed  a  height  of  more  than  50  feet  above  the  general  lowland.  Morainal  ma- 
terial flanlci  the  northeastern  and  eastern  sides  of  the  isolated  upland  which 
itself  is  compo>>  rl  of  hod-rock,  and  is  essentially  an  outlier  detadwd  by  stream 
action  from  the  main  highland  mass  to  the  west.  This  same  stream  action  is 
responsible  for  preat  V-shaptni  extension  of  the  Scolt.sburff  lowland  on  the 
west  to  the  gorge-like  opening  in  the  highland  area  through  whidi  White  River 
passes  (sec  PI.  II).  RejrinninK  some  three  miles  .south  of  Seymour  a  promi- 
nent morainal  ridge,  one-half  to  one  mile  wide  and  rising  from  50  to  170  feet 
above  the  lowlands  adJacMit,  extends  8  miles  in  a  southerly  direction.  This 
morainal  mass  is  known  as  "Che.stnut  Ridge.'"* 

The  valleys  over  the  Scottsburg  lowland  are  exceedingly  broad  and  flat, 
and  the  upland  slopes  adjacent  the  valleys  are  gentle  .and  usually  without 

dilfs.  Local  relief  in  the  low  upland  area-;  between  the  streams  is  neVUT 
great*  sddom  reaching  75  feet.  Where  the  Ohio  River  crosses  the  Scottsburg 
lowUuid,  the  valley  is  open  and  neveral  miles  in  width,  and  ia  quite  in  eon- 
traat  to  the  narmw  valley  and  high  rocky  bluffs  either  up  or  down  the  river 
from  the  lowland.  Yet  it  is  in  this  broad  portion  of  the  river  valley  acro.ns 
the  lowland  that  the  only  stretch  of  bed-rock  is  to  be  seen  entirely  across  the 
channel,  and  over  which  occurs  the  "Falls  of  the  Ohio"  where  a  descent  of 
about  23  feet  is  made  in  a  little  over  2  miles. 

The  Norman  Upland. 

T!ir  Kiiohstnnr  t;sr(n-j)vir}if.  Immediately  west  of  the  Scott,sburg  lowland 
a  bold  escarpment  towers  hundre<is  of  feet  above  the  lowland.  This  escarp- 
ment is  known  as  the  Knobstone  eftctirjnnent,  and  extends  from  southern 
John.son  County  southward  across  the  Ohio  Kiver  into  Kentucky.  It  is  called 
the  Knobstone  escarpment  from  the  old  formation  name  given  to  the  rocks 
in  which  it  is  formed.   The  name  has  been  long  used  for  the  escarpment  and 

will  likely  stand.  The  Knobstone  esraipnunf  in  Indiana  extends  from  the 
Ohio  Itiver  in  southeastern  Harrison  County  chiefly  northward  for  about  150 
miles  including  the  western  notch  through  which  flows  White  River.  Begin- 
nini?  at  the  Ohio  TJivcr  opposite  the  mouth  of  Salt  Creek  in  Kentucky,  the  es- 
carpment extends  parallel  to  the  river  to  near  New  Albany,  and  then  con- 
tinues northward  and  slightly  eastward  to  southern  Scott  County.  There  is 
only  one  prominent  indenture  in  the  wall-like  escarpment  in  this  stretch  of 
alMWt  4S  miles,  and  this  is  where  Muddy  Fork  of  Silver  Creek  comes  from 
the  west  in  a  broad  valley.  It  is  in  this  stretch  that  the  escarpment  reaches 
its  greatest  perfection,  as  farther  north  it  is  somewhat  ragged  in  appearance, 
due  to  the  many  small  streams  descending:  fioni  the  upland  hack  of  the  crest. 
It  is  barely  broken  in  Hanison  and  Floyd  counties,  and  its  crest  rises  400  to 
600  feet  above  the  valleys  and  the  Scottsburg  lowland  to  the  east  The  greats 
est  local  relief  in  Indiana  is  the  descent  from  a  prominence  on  the  crest  of  the 
escarpment  down  into  the  Ohio  Kiver  channel,  where  in  a  horizontal  distance 
of  barely  one-half  mile  in  southeastern  Harrison  County  a  descent  of  610  feet 

**  Lmerctt.  Ohofal  FtomitiiMit  of  Erie  and  OUo  BmIiu:   V.  8.  Gcol.  Burr.,  Uamogr.  41, 
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occurs."  Prominences  on  the  crest  in  Floyd,  Clark,  Washington,  and  Scott 
counties  reach  an  altitude  of  over  1,000  feet.  From  southwestern  Scott  County 
northwest  and  west,  to  the  notch  throuj^h  which  White  River  pa.'s.ses  out  of 
the  Scottsburg  lowland,  the  Knobstcne  escarpment  i.*;  much  dissected,  and 
broad,  flat  valleys  open  up  between  the  prominent  spurs  which  represent  the 
escarpment.  Northward  from  the  White  River  opening  the  crest  of  the  es- 
carpment is  not  .so  high  above  the  lowland  to  the  east.  Just  west  of  Medora 
it  is  360  feet  above,  and  west  of  Columbus  it  is  250  to  350  feet  above  the 
lowland.  Taylor  Hill,  6  miles  west  and  2  miles  south  of  Columbus  is  1,003  feet 
in  elevation  and  is  375  above  the  level  of  the  railway  station  at  Columbus. 
In  southern  Johnson  County  the  Wi.sconsin  glacial  drift  ob.scures  the  escarp- 
ment, largely  on  account  of  the  till  having  deeply  filled  the  adjacent  lowland. 


Vift-  5.  Near  view  of  a  siiur  of  the  Knobatone  iKcarpment.  iibiiul  five  milt's  mirth  of  Nevr 
Albany.  Thv  «««»ri>in«"nl  hiTc  riw*  nitproximatoly  .100  fpct  Hbovt*  the  Srutlnburu  lowUnil  »t 
its  ffiot. 


The  Knobstone  escarpment  is  the  greatest  relief  feature  and  the  most 
prominent  topographic  form  in  Indiana."  Everywhere  it  is  a  steep  slope,  but 
rarely  if  ever  an  unscalable  bluff.  As  seen  at  a  distance  from  the  Scottsburg 
lowland  at  the  south  it  appears  wall-like  and  unbroken,  and  farther  north 
where  its  face  is  much  more  broken  by  stream  dis.se<;tion,  the  prominent  spurs 
appear  as  great  knobs,  and  the  outliers  appear  :is  conical  hills  and  are  spoken 
of  as  "The  Knobs."  The  "Brownstown  Hills"  in  the  angle  formed  by  White 
and  Muscatatuck  rivers  is  merely  a  more  or  less  dissecte<l  outlier  of  the  upland 
area  to  the  west,  and  is  a  veritable  monadnock-mass  rising  high  above  the 

uSco  Koamosdale  Uundninicli-  ( Kenlurliy-Iniliiiiia) .  V.  S.  Ceol.  Siirv,.  ]!•(-.>.  Tht-  l<M-«lity 
ia  near  the  smnll  vilUiKi*  <>f  Ixm-unI  Point. 

"Bennett.  Note*  on  the  Enittern  Esrurpment  of  the  Knobstone  F'ormation  in  Indiana: 
Proc.  Ind.  Acad.  Sei.  fur  1898,  t>P-  .iH3.267.  Malott.  .Sotiic  .SfM^cial  Feature*  of  the  Knobatone 
Cucsta  Region  of  Southern  Indiana:     I'roc.  Ind.  Acad.  Sci.  for  1919,  pp.  361-383. 
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much  reduced  Scottsburg  lowland  in  which  it  lies.  The  Knobstone  escarpment 
is  present  in  Kentucky,  but  it  is  hiphly  dissected  and  many  detached  masses 
exist,  due  to  the  stream  work  of  Salt  Creek  and  its  tributaries. 

Extent  and  l>outid(triei*  of  the  Normun  I'lihnid.  The  knobstone  escarp- 
ment ns  describeti  above  is  the  eastern  edjte  of  a  notable  upland  area  compris- 
inpr  some  2,U75  square  miles,  and  which  is  here  named  the  Xihiikui  I'pinnd 
from  it.s  typical  development  in  the  vicinity  of  Norman  in  western  Jack.son 
County,  Indiana.  The  Noiman  upland  embraces  most  of  Floyd,  eastern  and 
northern  Washington,  western  Clark,  western  Jackson,  eastern  I^'iwTence, 
eastern  Monroe,  all  of  Brown,  western  Bartholomew,  and  southern  Morgan 
counties,  and  in  the  very  small  portion  of  Johnson  and  northwestern  Bartholo- 
mew counties  has  been  glaciated,  and  possesses  a  thin  covering  of  Illinois  drift. 
The  northern  line  is  drawn  at  the  Shclbyville  moraine  of  the  Wisconsin  glacial 
drift,  since  north  of  this  line  the  glacial  material  has  deeply  buried  much  of 


Fin.  6.  View  fin  Wtiilimtch  Hill,  »<iuth  i>f  NMxhvillf.  Bn.wn  County.  W<H"ili>nt«h  Hill  l« 
not  a  hill  in  the  ordinao'  «i'nM<.  but  Ik  a  lather  t-xtenaivv  i>latrau-lik«.*  eminence,  rt-achlnK  an 
altltuili'  iif  apnrnxi'natcly  1.050  fcit.  It  ix  r(<|>t-o<<«'iiti«tivt'  (>r  the  Hiirhlaml  Rim  iieneplain  in 
southern  Indiana,  mnkinit  ui>  one  of  the  larxent  remnantn  of  this  «W  anil  ni*rly  i)e»trnyeU 
uplifted  peneplain. 


the  bed-rock  and  the  characteristics  of  the  Norman  upland  arc  almo.st  wholly 
obscured. 

The  western  boundary  line  of  the  Norman  upland  is  very  difficult  to  de- 
scribe because  of  the  general  merging  of  the  upland  with  the  general  lime- 
stone plain  on  the  west.  The  divides  compo.sed  of  limestone  carry  the  charac- 
teristics of  the  adjacent  plain  far  into  the  Norman  upland  area  while  the 
valleys  possess  the  characteri.stics  of  the  valleys  of  the  Norman  upland,  though 
they  are  well  within  the  general  area  of  the  adjacent  limestone  plain.  The 
western  limit  of  the  Norman  upland  may  be  said  to  extend  along  the  line 
where  the  characteri.stics  pass  from  the  deeply  dis.sccted  clastic  rocks  to  that 
of  a  rolling  limestone  plain  which  possesi>es  sinkholes  as  a  distinct  feature. 
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The  boundary  line  as  shown  on  the  physiographic  map  and  as  here  described 
is  ba.sed  on  these  characteristics  chiefly.  The  western  boundary  line  in  Harri- 
son County  is  the  crest  of  the  Knobstone  escarpment,  and  the  Norman  upland 
there  is  very  narrow.  The  line  continues  north  to  the  tunnel  on  the  South- 
em  Railway  uome  1  miles  west  of  New  Albany.  The  upland  here  widens  to 
the  westward  along  Indian  Creek  and  it.s  tributaries,  the  boundary  line  passing: 
west  to  the  vicinity  of  Georgetown,  and  thence  northward  across  Indian  Creek, 
and  alons  the  divide  west  of  Richland  Fork  of  Indian  Creek  to  Greenville, 
thence  to  a  point  a  short  distance  cast  of  the  junction  of  Floyd,  Clark  and 
Washington  counties,  where  it  turns  northwest  to  Blue  River  below  Pekin,  and 
thence  generally  north  with  much  irregularity  to  middle  northern  Washington 
County,  It  here  turns  to  a  westerly  direction  around  the  headwaters  of  Rush, 
Twin,  and  Clifty  creek.s,  and  along  the  bluffs  of  White  River,  passing  near 
Rivervale  and  crossing  White  River  at  the  mouth  of  Guthrie  Creek.  From  the 
moutli  of  (Juthrio  Creek  it  passes  in  a  bend  to  the  east  and  north  and  back  west 
to  the  north  of  Hedford,  cros.sing  Salt  Creek  near  Oolitic;  thence  north  on 
the  west  bluff  of  Salt  Creek  to  Harrodsburir*  and  then  up  Uttle  Clear  Creek 
to  nrar  Smithville,  v.liere  it  turns  to  the  northeast  and  north  to  Unionville 
northeast  of  Bloomington.  From  Unionville  the  boundary  line  passes  west  and 
northwest  along  the  upland  west  of  Beanblossom  to  White  River  at  CSoeport 

From  Gosport  the  line  passes  northeast  to  near  the  northeastern  coi'ner-  of 
Owen  County,  where  it  turns  abruptly  northwest  into  the  southeastern  corner 
of  Putnam  County.  Here  it  strilces  the  Shelbyville  moraine  which  wdl  serves  as 
the  northern  bound"ty  of  thr  I'o.man  ui)land.  The  Shelbyvnlle  moraine  from 
southeastern  Putnam  County  passes  east  and  slightly  north  to  near  Moores- 
vilte  where  it  turns  abruptly  south  and  east  to  near  the  southeastern  eomer 
of  Morijrar.  County;  thence  east  a  short  distance  noith  of  the  Johnson  County 
line  to  the  northwestern  comer  of  Bartholomew  and  to  the  west  line  of  the 
Scottsbnrg  lowland. 

Topogniphir  rntnlit in)/ .  The  Knobstone  escarpment  has  already  been  de- 
scribed, and  the  eastern  margin  of  the  Noiman  upland  was  there  contrasted 
with  the  Seottsburg  lowland  to  the  east  Brown  County,  Indiana,  is  known 
throughout  the  state  for  its  ruined  picturesqueness,  and  is  much  visited  by 
artists  and  others  who  appreciate  the  wild  wholesomeness  of  its  rugged  hills. 
The  Norman  upland  reaches  its  greatest  width  through  southern  Brown  and 
adjMent  parts  of  Monroe  and  I!ai  tholomevv  counties,  where  it  is  approximately 
40  miles  across  the  i-ugged,  much  dissected  area.  In  Brown  County  also  it 
reaches  its  greatest  elevation,  a  tract  of  several  square  miles  attaining  an  alti- 
tude of  over  1,000  feet  and  reaching  a  climax  in  Weetlpatch  Hill  southeast 
of  Nashville  where  an  elevation  of  1,050  feet"  is  attained.  BearwaUow  Hill 
north  of  Nashville  attains  a  height  of  1,020  feet,  and  affords  one  of  the  most 
picturesque  panoramic  views  in  the  entire  region. 

Aside  from  great  local  relief  in  the  Norman  upland  the  chief  character- 
istic whidi  gives  unity  to  the  entire  area  is  the  nnUonnity  of  its  topographic 
condition.    Everywhere  it  is  maturely  dissected  by  stream  action.  The  long 

Wenlpatch  Hill  is  n  plHtmu-likc  rxpHnm.-  nf  u|>liinil.  nnd  is  not  un  isolated  hill  in  the 
onliiMiry  iienae.  Qireful  aneroid  mraHurcfnentH  by  the  writer  sihow  that  the  elevation  of  the 
kWiMt  portion  of  Weed  patch  Hill  Is  approximately  1.051)  feet  above  mm  level,  and  not  1,147 
tmet  mm  fbnm  In  a  anmber  of  rcporU  of  the  IndiMiB  State  Survey.  CoUctt  (Gcolagy  of  Blown 
Comtiri  eta  Ann.  Rept..  lad.  Gcol.  8nr„  1S74.  p.  lOS)  nwkca  It  dear  that  the  ilsurt  1.147 
«M  determined  ky  a  aincle  aneroid  «arv«y  and  not  by  preeleo  ieveltns. 
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sharp  ridges  are  the  reverse  of  the  deep  stream  troidiee.  The  dissection  has 

reache<l  that  decree  where  thf  ;imount  of  the  material  left  in  the  dhridrs  nnd 
ridges  is  about  equivalent  to  the  amount  that  has  been  carried  away  by  erohion 
in  the  caryinfr  oat  of  ^e  valleys  between  the  ridges.  Evenrwhere  steep  slopes 
exist  with  rarely  :i  hlufT.  The  VSlleys  have  the  same  urnrral  shape  and  the 
same  depth  where  they  ure  of  equal  size.  The  only  diversity  of  relief  forms  is 
found  in  sise;  the  shapes  are  monotonously  alike.  The  valleys  descend  sharply 
and  deeply  to  near  their  local  base-level  and  then  become  flat-bottomed  areas 
flanked  by  steep  ascents,  but  never  by  bluffs.  The  valleys  are  always  V-shaped 
where  they  have  not  reached  their  local  baso'levels.  No  waterfalls  ai  any 
consequence  exist.  The  rather  uniform  hdght  of  the  uplands  between  the 
deeply  set  streams  gives  an  even  sky-line  view  when  one  looks  across  the  area 
from  any  ridtre  in  the  upland.  South  of  the  Muscatatuck  River  in- the  head- 
watw  area  of  the  forks  of  Blue  River  the  depth  of  dissection  is  somewhat 
lessened,  and  the  anv:ularity  so  oh.u  actoristic  of  the  Drown  Countj'  portion  of 
the  upland  is  considerably  subdued.  The  topography  between  the  streams  is 
somewhat  gently  rolUng,  especially  where  the  eappinfr  of  Sanrodrimre  lime- 
stone is  still  present  or  has  only  lately  been  removed.  The  Norman  upland 
area  is  especially  known  for  the  perfection  and  symmetry  of  its  drainage 
lines.   The  perfection  of  development  is  largely  due  to  the  mature  stage  of  the 

enWIOn  cycle  in  an  aira  of  considerable  relief,  anri  the  symmetry  results  from 
stream  development  in  roclis  of  uniform  structure  and  lithology. 


Bxttnt  and  boHudui  iis.  A  noluble  westward  .sloping  limestone  plain  with 
a  well  developed  karst  topography  extends  in  a  southeasterly  direction  from 
near  Greencastle  in  Putnam  County  to  the  Ohio  River,  and  thence  south- 
ward and  westward  into  Kentucky  where  its  greatest  development  is  reached. 
This  sinkhole  plain  is  locally  well  developed  north  of  east  fork  of  White  River, 
but  is  very  irregular  and  rather  narrow  in  its  extension  throu>,'h  .southern 
Putnam,  eastern  Owen,  northwestern  and  middle  Monroe,  and  middle  northern 
Lawroiee  counties.  In  southern  Lawrence,  northeastern  Orange,  western 
Washington  and  middle  and  eastern  Harrison  toiirties  it  is  widely  developed, 
and  forms  a  regional  unit  of  considerable  importance.  It  has  been  named 
the  MiUhtU  plain  by  Beede  from  its  exeeUmt  development  in  the  vicinity  of 
Mitchell  in  southern  Lawrence  County,  Indiana.'*  In  Kentuck>'  it  reaches  its 
maximum  development,  extending  over  an  area  of  about  2,500  square  miles. 
The  area  of  the  Mitchell  plain  in  Indiana  is  approximately  1,125  .square  miles. 

The  boundary  on  the  east  has  already  been  described  in  connection  with 
the  boundary  of  the  Norman  upland  which  lies  to  the  east  of  the  Mitchell 
plain.  The  western  boundary  is  even  more  irregular  than  that  on  the  east 
and  may  be  defined  much  more  easily  than  traced.  It  may  be  said  to  lie  in 
the  lone  of  passage  from  the  limestone  sinkh.>lc  plain  to  the  upland  on  the 
west,  which  is  usually  much  dissected  and  composed  largely  of  clastic  rocks 
eicoept  in  the  narrowed  and  deep-set  valleys  on  the  east,  partially  exoivated  in 
the  limestone.  This  zone  of  passajje  aside  from  being  marked  by  a  decided 
change  in  topographic  forms  is  characterized  by  considerable  increase  in  alti- 
t«de  and  by  a  great  diversity  of  relief,  the  amount  of  which  is  usually  meas- 

•Bwdc,  Pruc.  Ind.  Ar«d.  Sci.  for  U»lu.  p.  193. 
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ured  in  hundreds  of  feet.  Inasmuch  8»~;  the  upland  on  the  west  bejrins  in  a 
ver>'  much  dissected  and  broken  scarp,  there  are  K>tut  numbers  of  rather 
prominent  outliers  of  clastic  rock  material  surrounded  entirely  by  portions  of 
the  limestone  sinkhole  plain.  These  isolated  outliers  belong  to  the  Mitchell 
plain.  But  in  so  far  as  irregular  upland  spurs  extend  out  from  the  adjacent 
upland  into  the  lower  sinkhole  plain  but  are  not  cnclo.^'cd  by  it,  these  .spurs 
may  be  said  to  belonp  to  the  adjacent  upland.  The  irrej?ularity  is  .so  jfreat 
that  the  line  drawn  on  the  physioKraphic  map  is  only  an  attempt  to  show 
the  average  position  of  the  actual  boundary'  within  the  zone  de.scribed  above. 

The  western  boundary  line  of  the  Mitchell  plain  in  general  pas.ses  from 
the  Ohio  River  near  Mauckport  north we^t  to  Indian  Creek  some  2  miles  below 
Corj'don,  and  thence  in  a  rather  irregular  line  westward  to  within  a  short  dis- 
tance of  Blue  River  near  White  Cloud  along  the  southern  margin  of  a  .stream- 
less  valley.    The  line  returns  on  the  noithern  side  of  the  sinkhole  plain  of 


Fig.  7.  View  of  sinkhole  topography  on  the  Mitchell  plain  7  miles  southwest  of  Blooinins- 
(on  (M«  Houth  half  of  See.  21.  T.  B  N..  R.  2  W..  Bliiomlmrinn  Quadrmniile). 

the  streamles.s  valley  of  irregular  width  to  .some  5  miles  ea.'^t  of  White  Cloud 
and  turns  northward  to  near  Ram.sey,  where  it  again  pa.sses  to  Blue  River 
around  the  westward  extending  streamless  Brushy  Valley.  The  line  then 
passes  northward  and  westward,  crossing  Blue  River  in  the  northwestern  part 
of  Harrison  County,  and  trends  northward  a  short  distance  east  of  the  western 
boundary  of  Washington  County,  passing  by  Hardjn.sburg  to  near  Livonia. 
From  near  Livonia  the  line  passes  about  the  headwaters  of  Stampers  Creek 
and  other  swallow-hole  streams,  in  a  northwesterly  direction  to  Orangeville 
where  occurs  the  "Rise  of  Lost  River."  From  Orangeville  the  line  is  gen- 
erally northeast  to  a  point  a  short  di.stancc  southwest  of  Mitchell,  where  it 
turns  westward  along  the  southern  margin  of  Beaver  Valley  nearly  to  Huron. 
The  line  returns  to  the  cast  on  the  north  side  of  Beaver  Valley  to  a  short 
di.stance  west  of  Mitchell,  where  it  passes  north  and  west  along  the  foothills 
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on  the  south  .side  of  White  River  to  near  Williams.  From  William.s  the  line 
i.s  irrcffularly  north  to  some  2  miles  west  of  Harrodsburp  in  Monroe  County, 
where  it  continues  north  and  slightly  westward  to  southeastern  Owen  County, 
and  thence  to  Spencer  on  the  we.st  fork  of  White  River.  From  Spencer,  the 
line  passes  somewhat  east  of  north  to  near  Cataract,  where  it  turns  west  and 
north  to  the  Shelby\'ille  moraine,  marking  the  southern  limits  of  the  Wis- 
consin Klaciation,  a  short  distance  west  of  Greencastle.  The  Shelbyville 
moraine  marks  the  northern  boundary  line  of  the  Mitchell  plain,  because  the 
sinkhole  topopraphy  becomes  buried  beneath  ];lacial  drift  north  of  that  line. 

The  Mitchell  plain  as  a  distinct  plain  is  not  co-terminous  with  the  areal 
outcrop  of  the  so-called  Mitchell  lime.stone,  but  is  best  developed  near  the  top 
of  the  St.  Louis  lime.stone  some  100  to  140  feet  below  the  top  of  the  Mitchell 


FiK.  H,  View  of  pluKKrd  sinkhole  lake  on  the  Mitrhcll  plain  near  l^eonard  School,  Ti  milm 
Routhwent  of  Blnominirton.  Ijiken  of  thU  Hort  are  very  numorouM  nittr  the  wexU-rn  ntarKin  of 
Ihe  Mitchell  itlain.  The  mistern  mnrjrin  of  the  Crawford  upland  shovrs  in  the  lHieki;ri>un<l. 
The  Crawford  upland  in  thin  locality  riiuK  L'tO  fe<>l  above  the  itinkhole  plain  iihown  in  the 
forejTTound.     lSe<«  RIonmlnKton  Quadniniilr,  Sec.  23.  T.  8  N..  R.  2  W.) 


limestone  (i^roup.  In  so  far  as  the  clastic  rocks  have  been  stripped  fi-om  the 
Mitchell  limestone,  sinkholes  exist  on  the  western  edpe  of  the  plain,  but  the 
plain  is  not  distinct  as  a  sinkhole  plain  until  the  upper  portion  of  the  Mitchell 
limestone  itself  has  been  taken  away.  The  eastern  edpe  includes  portions  of 
the  areal  outcrop  of  the  limestones  below  the  Mitchell,  including  the  rolling 
limestone  lands  which  have  .some  developmt'iit  of  sinkholes  and  a  slight  relief, 
except  where  the  major  streams  have  trenched  the  general  plain. 

Topographic  condition.  The  topographic  unity  of  the  Mitchell  plain  is 
expressed  in  the  peculiar  forms  of  a  karst  upland  plain  with  its  great  array 
of  minor  irregularities  composed  of  sinkhole  depressions  and  knob-to-ridge-like 
divides.  The  smaller  sinkholes  are  funnel-shaped,  and  the  larger  ones  are 
more  irregular  and  usually  serve  as  the  opening  into  which  the  surface  water 
drains.    In  the  latter  case  the  openings  themselves  are  frctjuently  referred  to 
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as  "swaJlow-holes."  The  more  extensive  bai<ins  of  irrcfjular  outline,  such  as 
those  near  the  western  border  of  the  Mitchell  plain,  frequently  occupy  as  much 
as  a  square  mile  or  more  in  area,  and  contain  numerous  small  individual  sinks 
with  low  rounded  divides  between.  (See  Fig.  7.)  It  is  quite  usual  for  the 
sinks  to  become  choked,  f;ivin(;  rise  to  numerou.s  small  lakes  or  ponds  com- 
monly round  in  outline  and  partly  filling-  the  depression.  (See  Fip.  8.)  The 
amount  of  local  relief  is  not  prcat,  only  infrcc|uently  being  measured  in  more 
than  a  few  tens  of  feet,  but  is  minutely  roujjh  where  the  typical  development 
of  sinks  occurs.  The  rounded  irrepfularitics,  knobs,  and  sag-like  divides  be- 
tween the  sinks  are  approximately  of  the  same  elevation  in  local  areas.  Where 
the  sinkholes  are  incipiently  developed,  or  little  developed,  notable  flat  areas 
exist,  as  in  southern  Lawrence  and  northeastern  Orange  counties  in  the  imme- 
diate vicinity  of  Mitchell  and  immediately  south  of  I^ipsic,  Saltillo,  and  Camp- 
bellsburpr,  along  the  headwaters  of  Lo-st  Kiver.  Only  a  few  streams  which  have 
their  headwaters  on  the  Mitchell  plain  cross  it  as  .surface  streams.  All  streams 
crossing  the  Mitchell  plain  as  surface  streams  (streams  arising  ea.st  of  the 
Mitchell  plain  and  flowing  southwest  across  it)  are  entrenched  below  the  sur- 
face of  the  sinkhole  plain  from  80  to  175  feet,  and  the  sinkholes  are  the  larg- 
est and  best  developed  near  these  incised  streams.  Distant  from  the  incised 
surface  streams,  the  sinkholes  are  small  and  in  an  early  stage  of  develop- 
ment.   Such  areas  arc  exceptionally  flat,  as  noted  above. 


FlK.  9,  View  tookiiiK  «<>uth  fmm  tho  nurracc  of  the  MlUrhcll  pUIn  kbove  Shirley  Sprinsr 
Mcroea  the  intrfnehrcl  vull<-y  hitiilifl  by  Shiric)-  and  LeonnH  BDrinirB,  &  miles  southwest  of 
Bloominffton.  The  even  aurfaro  of  Ihe  Mitchell  plHin  Hhows  dUtinclly  suuth  of  the  valley.  The 
x-alley  la  cntronchetl  here  loo  ft  \'i'>  feet  Im-Ihw  Ihe  sinkhole  plain  «l»ove.  and  has  Int-n  dammed 
rateh  the  water  of  Shirley  and  Leonanl  HprinRa.  whirh  furninh  moiit  »f  the  water  lupply 
for  the  city  of  Bloomintrton.  Thrwe  siprinKx  durinit  the  winter  and  iiprlnir  seasons  Wow  over 
a  half  million  Ki^luns  per  day.    tSee  Uloominiiton  quadrantde.  Sees.  23  and  21,  T.  8  N..  R.  2  W.) 

The  Mitchell  plain  is  es.sentially  a  regional  slope  inclining  westw^ard  and 
.slightly  south  at  the  rate  of  approximately  twenty  feet  to  the  mile,  and  as  a 
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plain  it  varies  in  hoii^ht  from  lr,>>  than  BOO  to  more  than  900  feet.  South 
of  east  fork  of  White  Kiver  the  higher  elevations  are  at  the  eastern  mar^n 
and  the  lower  ones  on  tiM  western  margin.  North  of  east  foric  of  White 
Rivor  the  plain  is  larffely  destroyed  by  surface  stream  dissoetion.  Rah  ("n-ok 
in  Lawrence  County  and  Clear  Creek  and  the  tributaries  of  Beanblossom 
Credc  and  the  west  fork  of  White  River  in  Monroe  County,  have  removed 
much  of  the  plain,  and  relatively  narrow  remnants  only  remain,  mostly  to 
the  west  of  these  streams.  In  Owen  County  the  Mitchell  plain  is  very  ef- 
fectually elFaeed  by  stream  erosion  and  (i^aeiation,  though  its  characteristics 
are  locally  prominent.'*  In  Monroe  County  west  of  Bloomington  on  tlie  outh 
side  of  the  divide  between  the  two  White  Rivers  the  plain  is  well  developed 
at  an  elevation  of  800  to  900  feet."  (See  Fig.  36.)  Farther  south  and  west 
of  Salt  Creek  it  is  650  to  750  feet  in  elevation,  and  a  sinkhole  plain  largely 
destroyed  by  surface  dissection.  (See  Fip.  9.)  The  Mitchell  plain  is  best 
developed  and  has  its  widest  extension  in  the  area  between  Salem  and  Orange- 
vllle  in  Washington  and  Orange  counties.  Lost  River  is  within  this  area.  The 
upper  part  of  I>ost  River  flows  over  the  inclined  plain  with  little  entiTnchment, 
and  is  perched  rather  high  above  its  potential  local  base-level.  In  the  vicinity 
southeast  of  Orleans  the  present  stream  disappears  downward  through  the 
limestone  at  an  elevation  of  fi2r»  feet  and  comes  out  as  a  much  cnlai  KC<l  stream 
some  8  miles  distant  to  the  west,  near  Orangeville,  at  an  elevation  of  490  feet. 

Tlie  eastern  edge  of  the  Mitchell  plain  interlaces  with  tiie  Norman  upland; 
tcmgUCB  of  sinkhole  upland  rising  higher  and  higher  to  the  east,  flanked  on 
either  side  by  deeply  dissected  surface  streams  which  have  all  the  character- 
istics of  the  Norman  upland.  The  western  portion  of  the  Mitchell  plain  fre- 
quently extends  as  streamless,  sinkhole  valleys  far  to  the  west  of  the  gen- 
eral edge,  and  in  between  these  \vo<t\vard  extensions  occur  spurs  of  upland 
rising  high  above  the  rather  low-lying  sinkhole  plain.  Outliers  are  character- 
istic of  the  wotem  half  of  the  Mitchell  plain,  especially  the  portion  south  of 
Lost  River.  Some  of  those  hill^  with  their  cappiner  of  clastic  rock  rise  InO  to 
200  feet  above  the  sinkhole  plain  upon  which  they  stand  as  monadnock-like 
masses  of  unreduced  upland. 

The  Crawford  Upland. 

Extent  and  boundaries.  The  maximum  of  relief  diversity  and  variability 
of  topographic  form  in  Indiana  is  found  in  the  Crawford  vpltmd;  the  name 
applied  to  the  exceedingly  rupRed  hichlanr!  west  of  tho  Mitchell  plain.  The 
Crawford  upland  reocivea  its  name  from  Crawford  County,  Indiana,  which  is 
one  of  the  roughest  counties  In  the  state.  The  Crawford  upland  is  the  second 
largest  of  the  .southern  Indiana  regional  units,  comprising  an  area  of  approxi- 
mately 2,yoo  s<iuare  miles.  It  is  relatively  narrow  at  the  north.  Its  northern 
line  is  drawn  at  the  limit  of  Wisconsin  ^clncial  drift  in  southea.stem  Parke  and 
southwestern  Putnam  counties.  It  occupies  southeastern  Parke,  southwestern 
Putnam,  a  small  portion  of  eastern  Clay,  a  larjre  poi  timi  of  Owen,  the  ea.stern 
half  of  Greene,  southwestern  Monroe,  western  Lawrence,  practically  all  of 
Msrtin,  all  Imt  northeastern  one-fourth  of  Orange,  the  eastern  half  of  Dubois, 
•U  of  Perty  and  Crawford,  and  western  Harrison  counties  in  Indiana.  It 

"MHlott.  Th.'  Flatwooda  Rmian  of  Owen  and  Monroe  Coantica,  ladfauia:  Prar.  Ind.  Acad. 
Sci.  for  1014,  pp.  41S-41B. 

"See  Blooalaglmi  QawbwiBlci.  U.  S.  Geol.  avrv..  ISts. 
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continnei  southward  in  Kentudcy  ^ere  it  occupies  an  area  of  several  thousand 
square  miles. 

The  eastern  boundary  lire  has  already  boen  described  in  connection  with 
the  western  boundary  of  the  Mitchell  plain.  The  western  boundary  line  is 
.<«omcwhat  arbitrarily  drawn  on  the  physiographic  map.  The  topographic  map 
(PI.  I)  shows  that  the  relief  becomes  preatly  le.s.sened  at  it.s  western  border. 
The  decrea.se  in  relief  i»  rather  gradual  over  a  few  miles,  and  near  this  belt 
another  characteristic  becomes  quite  prominent.  The  valleys  become  rcther 
wide  and  hnvc  nl!  the  iippparances  of  bein>r  deeply  filled  with  alluvium  above 
their  bed-rock  Hoors.  Wide,  deeply  aggraded  valleys  constitute  the  most  char- 
acteristic feature  of  the  adjacent  region  of  rather  low  relief  on  the  west  This 
condition  is  not  wfaoUy  lackinjr  i"  the  Crawford  upland,  but  is  not  character- 
istic, and  is  a  real  feature  only  in  the  western  part.  The  line  may  be  defined 
as  paiising  along  this  belt  of  greatly  decreasing  relief  associated  with  the 
beginning  of  aggraded  valleys.  From  the  Ohio  River  thi.s  line  passes  up 
Anderson  Creek  from  its  mouth  at  Troy  to  St.  Meinrad,"  and  thence  up  Black- 
hawk  Creek  and  over  a  low  divide  to  Ferdinand  and  Hunley  Creek  and  down 
Hunley  Creek  northward  to  Patoka  River.  From  the  mouth  of  Hunley  Creek 
the  line  is  drawn  up  Patoka  Tiivcr  to  about  3  miles  northeast  of  .Tasper,  where 
a  turn  is  made  to  the  north  anci  slightly  we.st  over  a  low  flat  divide  to  Mill 
Cntk,  and  down  Mill  Creek  to  White  River  west  of  Hajrsville.  After  cross* 
ing  the  east  fork  of  White  Rivpr  tho  linp  passes  up  Slate  Creek  in  south- 
eastern Daviess  County  to  the  limit  of  the  Illinois  glacial  till.  It  follows  the 
drift  limit  which  passes  north  slightly  east  of  the  county-line  between  Daviess 
and  Martin  counties  to  the  northwestern  corner  of  Martin  County.  From  here 
the  western  boundary  of  the  Crawford  upland  passes  north  to  Scotland,  and 
thence  down  Doans  and  Bogard  creeks  to  White  River;  thence  up  White  River 
to  the  mouth  of  Eel  River  at  Worthington ;  thence  up  Eel  River  to  the  mouth 
of  Lick  Creek.  The  line  passes  up  Lick  Creek  to  Denmark,"  and  is  then  drawn 
arbitrarily  across  country  for  5  miles  to  Eel  River  at  the  mouth  of  Six  Mile 
Creek,  and  thence  up  Eel  River  to  the  mouth  of  Croys  Creek  in  the  .south- 
western comer  of  Putnam  County;  thence  up  Croyi?  Creek  to  the  village  of 
liCna,  and  thence  over  a  flat  divide  and  down  Little  Rocky  Fork  and  Rocky 
Fork  creeks  to  Big  Raccoon  Creek  at  Mansfield.  From  Mansfield  the  line  is 
drawn  arbitrarily  northwest  toward.s  Rockvillc  to  the  Shclbyville  moraine  just 
south  of  itockville.  As  noted  above,  the  Shelbyville  moraine  well  sei-ves  as  the 
northern  boundary  of  the  Crawford  n|dand,  beeanae  tiie  giadal  drift  largely 
obscure.<!  the  bed-rock  relief  to  thr-  north.  Considerable  relief  occurs  along 
.Sugar  Creek  and  its  near  tributaries  in  northern  Parke  and  southwestern 
Montgomery  oounties.  These  features,  however,  are  rather  occeptional  in  the 
generally  level  facial  plain. 

Topoffraphic  condition.  Throughout  the  whole  extent  of  the  Crawford 
upland  the  variety  of  topographic  form  and  diversity  of  relief  is  bewildering. 
High  hills,  low  hilKs;  great  ridges,  .some  sharp,  some  rounded*  and  others  flat* 
topped,  but  none  of  even  altitude  foi  any  great  distance;  trench-like  valleys, 
flat-bottomed  valley.s  with  wall-like  bluffs,  especially  at  the  western  margin; 
rock  benches  and  structural  plains  of  greater  or  less  extent;  remnants  of  an 
uplifted  peneplain  of  rolling  character  left  here  and  there  amidst  the  extrenM 


°S«e  St,  Melnrnd  Ciimilransd"'.  V.  S.  i;«>l.  Svrv. 
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of  differential  dissection  of  the  present  erosion  cycle;  sinkholes,  and  swallow- 
holes,  some  of  which  are  deeply  sunk  in  loose  sandstones,  and  due  to  underlying 
limestone  high  above  the  local  water  table;  monadnocks,  outliers,  local  cuestas, 
escarpments,  waterfalls,  canyon-like  ^orRes,  natural  brides,  caves,  etc.,  all 
contribute  their  quota  to  the  makeup  of  Indiana's  most  inaccessible  area.  The 
beautiful  Marengo  and  the  magnificent  Wyandotte  caves  of  eastern  Crawford 
County;  the  precipitous  blulTs  of  the  exceedingly  narrow  valley  of  the  Ohio 
River  at  the  .southern  maigin  of  Crawford  and  Perr>'  counties;  extremely  deep- 
set  and  meandering  valleys,  such  as  lower  Ix)st  Rivci',  the  Blue  Rivers,  east 
fork  of  White  River,  and  Indian  Creek,  along  all  of  which  occur  mineral 
springs  .some  of  which  are  widely  known;  "Jug  Rock,"^  an  unu.sual  ei-osional 
remnant,  and  the  "Pinnacle,"  u  narrow  upright  spur  ri.sing  almost  directly 


Fig.  10.  View  ot  the  inouth  of  Bi>orn.''»  C«ve.  aouthiiislvm  Owen  Oiunty.  nhowinn  the 
rccf«»inn  of  the  open  nurfBcc  valley  at  thir  expense  of  the  lower  end  of  thi<  Hubtcrrancnn  Ktrinm. 
IjtrKe  cavra  developed  in  the  upper  MiU'hell  limenUme  «re  rommon  In  the  «inlern  pari  of  the 
Crawford  upland  area. 


180  feet  above  White  River  at  Shoals  in  Martin  County;  the  "American  Bot- 
toms'"* of  eastern  Greene  County,  a  lacustrine  plain  deeply  set  among  rocky 
hills  and  which  pos.sesses  a  very  unique  subterranean  drainage  system;  these 
constitute  a  few  of  the  features  of  the  Crawford  upland  which  render  it 
attractive  from  a  scenic  point  of  view.  This  maze  of  variety  of  land  forms 
and  the  diversity  of  relief  are  due  to  topographic  maturity  in  a  region  of  con- 
siderable relief  with  respect  to  the  major  streams  (minimum  altitude  of  348 
feet  at  Troy  on  the  Ohio  River;  maximum  altitude  of  980  feet  on  the  divide 
between  the  White  rivers  in  western  Monroe  County ),''  and  to  a  great  series 
of  alternating  non-resistant  shales  and  resi.stant  .sandstones  with  many  intcr- 

*>(aix,  l!nd  Ann.  Rept.  of  Ind.  G«ol.  Surv.,  1870.  p.  83;  Ashley,  23nl  Ann.  Kept..  Ind. 
Geoi.  Surv..  1H9S.  pp.  9t7-!MH  :  Shannon,  IVoc.  Ind.  Acnd.  Sci.  for  I90fi,  pp.  53-7t). 
"  Mulott,  The  AmcrirHn  Bottoms  Ret;ion :    Ind.  Univ.  Stiiilic»  No.  40,  I'JI'J. 
"  See  Tell  City  and  Bloominiclun  QuBdrani;le!<,  II.  S.  Ceol.  Surv. 
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calnted  beds  of  limestone.  At  the  eastern  margin  these  beds  of  rock,  none  of 
which  attain  a  great  thicknesii,  overlie  the  great  thickness  of  Mitchell  lime- 
stone the  upper  surface  of  which  is  high  above  the  deeply-set  stvoams,  and 
here  occur  deep  caverns  and  many  artesian  springs  of  enormous  size,  and 
locally  at  this  margin  occur  sti-eamless  valleys  sui  rounded  by  high  ridges,  such 
as  "Possum  Valley"  east  of  Indian  Creek,  northeast  of  Silverville  in  western 
Lawrence  County.  This  valley  along  with  many  others  is  a  small  circum- 
scribed sinkhole  plain  of  the  Mitchell  plain  type  set  within  the  eastern  margin 
of  the  Crawford  upland.  At  the  western  margin  occurs  the  thick  and  resistant 
Mansfield  sandstone  which  frequently  caps  hills  almost  to  the  eastern  margin 
of  the  upland,  especially  in  Lawrence,  Monroe,  and  Putnam  counties,  where 


Vig.  11.  View  of  wnll-like  cliff  formed  by  Uic  Hit-ch  Crifk  limr«lonp  and  the  CyprcM 
!i«ntUu>np.  Eaxk'  Ranch  Farm,  itouthoaiit  of  French  Lick.  Oninirc  County,  l^uch  clitTs  nrc  com- 
miin  In  the  are*  of  thf  i>utcr<>|i  of  thf  Cht'»ter  m-Hih  in  the  Crawford  upland,  where  nnKulnrlly 
of  (npoKraiihic  form*  in  iierisistcnt.  Frwiui-ntly  «urh  wnll-liki-  cliffs  occur  far  up  the  iilopi-ji 
alonir  the  strcums.  and  are  Pftmmon  at  the  head  of  irulchoit.  where  larxe  spHnjr*  come  from 
the  Beech  Creek  limestone. 

the  alternating  Chester  elastics  and  limestones  are  thin ;  and  is  responsible  for 
the  retention  of  high  elevations  in  the  early  post-mature  stage  of  the  erosion 
cycle.** 

Perry  County  has  the  distinction  of  being  the  roughest  county  in  Indiana. 
Its  condition  is  due  both  to  its  diversity  of  rocks,  the  most  massive  of  which 
.serve  as  ineflFective  cap  rocks,  but  make  excellent  bluff  formers;  and  to  its  near- 
ness to  the  deep  gorge  of  the  Ohio  River,  which  with  the  .-iimilarly  deep-set 
Anderson  Creek  on  the  west  nearly  surrounds  the  county,  making  the  area  a 
huge  south-extending  spur  of  upland  in  a  highly  dissected  state.  The  only 
level  land  is  found  in  the  valleys.    Crawford  County  is  very  similar  and  barely 

"The  influence  of  the  outcropptnir  rocks  upon  the  topoirraphy  is  trcntci]  iipcfinrally  In  a 
lookl  »re«  of  the  Crawford  upland  by  the  writer,  in  "The  American  Rutlom.i  Re«ion,"  Ind. 
Univ.  Studies  No.  40.  March.  1B19.  pp.  1-64. 
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escapes  beini?  as  rough  and  ansrular  as  Perry  County  by  having  wider  undulat- 
iuK  divides,  especially  in  the  area  between  the  deeply  entrenched  Blue  rivers. 
Brown  County  of  the  Norman  upland  with  its  tfreat  fairly  uniformly  steep 
slopes  and  unusually  perfected  drainage,  probably  ranks  third  as  a  whole 
county  in  roughness,  though  it  is  exceeded  by  none  in  hillside  area. 


Extent  (irid  boundarien.  Wabaah  lou-hind  is  the  name  applied  to  a  great 
lowland  tract  extending  widely  on  both  sides  of  the  Wabash  Uiver  south  of  the 
outermost  Wisconsin  or  Shelbyville  moraine.  Its  eastern  lx)rder  has  been  de- 
scribed as  the  western  limit  of  the  Crawford  upland.    It  occupies  a  large  area 


Vtic.  li.  KlIKii  VBllr>»  ■>>'•'  i-verywhrrp  present  in  the  VVab«ah  lowland  area  of  iinuOiwPKtPrn 
Indiann.  Vifw  fn>m  nvnr  Iho  moulh  "f  Sl>lunK«*  Crtn-k  ndiactiit  E<-l  Riv»T.  Wf»t  nf  Cl»y  City. 
Clay  County.  Many  square  miles  here  urc  nt"ar  or  sliKhlly  bt-low  the  levH  of  E<'l  River  valley. 
The  valley  of  SplunKi'  Creek  w«»  formerly  the  site  of  a  larife  rcnervoir  for  the  old  canal  ayKlcm. 
but  the  region  in  now  hvintt  ditched  for  axHcultural  pur(UMeii. 

in  Kentucky  and  Illinois,  and  In  the  latter  state  is  most  typically  developed  as 
a  lowland  of  wide  extent.  The  Indiana  portion  occupies  an  area  of  approxi- 
mately 4,900  square  miles,  and  is  the  large.'^t  of  the  series  of  north  and  south 
extending  physiographic  units  in  southern  Indiana."  The  larger  part  of  it  in 
both  Indiana  and  Illinois  has  been  glaciated  by  the  great  lobe  of  ice  which 
reached  the  farthest  south  of  any  of  the  glacial  lobes.  Much  of  the  levelness 
of  this  extensive  lowland  plain  is  undoubtedly  due,  directly  and  indirectly,  to 
glaciation,  though  other  agencies  and  conditions  enter  largely  into  the  devel- 
opment of  the  physiographic  unit.  The  area  as  a  whole  is  characterized  by 
wide  extent  of  alluvial  lands  some  of  which  arc  actually  lacustrine  in  origin. 

"The  Waltank  Lotrland  in  approximately  eiiuivalont  li>  the  "Wmtiin  l.unlnnH"  of  Newnom 
and  Uryer. 


The  Wabash  Lowland. 
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This  condition  is  characteristic  of  both  the  glaciated  and  unglaciated  portion 
of  th«  Wabash  lowland. 

TopoffrapMo  eondSthn.   The  unity  of  the  Wabash  lowland  as  a  physio- 

praphic  division  lies  chiefly  in  its  to^)o^;raphic  condition,  which  is  the  result  of 
its  physicgraphic  development.  The  Wabash  lowland  area  ar  a  whole  is  com- 
posed of  surface  rocks  whidi  are  non-resistant  to  denudational  agencies,  and 
this  in  connection  with  its  position  alon^  the  axis  of  a  trunk  atVMin,  goes 
far  townrd  explainin>r  the  generally  low  altitude  of  the  area  as  compared  with 
the  Crawford  uplatid  on  the  east.  Associated  with  the  low  altitude,  almost 
wholly  below  700  feet  and  on  an  average  in  Indiana  about  500  feet,  is  the  great 
extent  of  a^prnded  valley  area."^  Every  -tream  which  has  reached  any  size 
runs  in  a  flat,  wide  valley  far  too  large  for  it,  and  very  frequently  the  upland 
rises  rather  abruptly  in  rather  steep  slopes  from  the  flat  flood  plain  area. 
Many  of  the  appraded  vallf  ys  arc  associated  with  the  stream  obstruction  at- 
tending the  Illinois  glaciation,  as  along  Patoka  River  and  the  headwaters  of 
Pigeon  Creek:  but  much  of  the  aggraded  valley  condition  cannot  be  directly 
associated  with  this  cause.  The  treatment  of  this  problem  will  be  taken  up 
lielow  under  physiographic  development.  The  thing  to  be  cmphasixed  here  is 
the  prevalence  over  the  entire  Wabash  lowland  of  the  aggraded  valley  con- 
dition, which  chiefly  gives  unity  to  the  entire  division.  The  general  levelnees 
of  the  placiated  area  in  Illinois  and  Indiana  is  very  striking,  but  this  levelness 
or  flatness  is  not  at  once  noticeable  at  placinl  boundary  limits.  It  must  be 
«-ni(*,  however,  that  as  a  whole  the  driftlcss  upland  ai  eu  is  much  more  minutely 
dis'ccted  and  is  considerably  rougher  th  ir  the  ir'aciaterl  This  more  general 
roughness  of  the  driftless  section  of  the  Wabash  lowland  is  not  altogether 
due  to  lack  of  glaciation.  A  considerable  part  of  this  may  be  ascribed  to 
the  differences  of  the  i"ocks  present  in  the  two  sections.  Southeastern  Daviess 
County  has  been  glaciated,  yet  where  the  altitude  and  rocks  are  similar  it  is 
nearly  as  rough  as  the  driftless  area.  Knox  and  Sullivan  comities  as  a  whole 
are  the  levelest  of  the  Indiana  counties  in  the  \Vabash  lowland,  hut  their  pen- 
eral  bed-rock  surface  is  somewhat  lower  than  the  rougher  counties,  and  non- 
Tesistant  shales  are  more  predominant.  These  counties  would  probably  pofl> 
sess  lower  relief  and  would  be  characterized  by  more  gentle  topography  than 
the  present  somewhat  rougher  driftless  counties  regardless  of  glaciation. 

One  of  the  peculiarities  associated  with  the  agpraded  valley  condition  of 
the  Wabash  lowland  is  the  common  occurrence  of  isolated  bcd-Tock  hills  stand- 
ing island-like  in  the  midst  of  allu\'ium  or  the  silt  of  a  lacustrine  jilain  These 
range  in  size  and  shape  from  mere  conical  knolls  a  few  feet  in  height  to  great 
detached  uplands  100  or  more  feet  in  height  and  which  may  cover  an  area  of 
a  square  mile  or  several  square  miles.  Illustrations  of  the.se  upland  areas  in 
the  midst  of  extensive  valley  lands  occur  in  the  Mumford  Hills,""  which  reach 
up  140  feet  above  the  lowlands,  and  Foot  Pond  Hills  near  the  line  of  Posey  and 
Gibson  counties.  Gordon  Hills  and  Claj^pool  Hills  nrar  the  mouth  of  White 
River  are  other  examples.  Such  outstanding,  half-buried  uplands  are  promi- 
nent in  Kentucky  along  Pond  and  Green  rivers^  and  Shaw  has  suggested  that 
these  hills  be  called  uiaiM^MUs  after  the  half-buried  upland  in  the  midst  of 

*TIm  Mkmimg  tepovrspliie  slmto  «f  Uw  U.  S.  Geol.  Surv.  ahow  the  topocimphk  condi- 
tion of  moeh  of  the  WkImiI)  lowlMid :  Owi>ii«boi«.  NewbvrK,  Hemferaon.  MU  Vorarni.  New  Hav«n. 
New  Harnvmy.  Mt.  ('Hrmr'l.  riinc.  .,m.  Hir.K.  VlncMiaM,  PMONburH,  Vol|MB.  Oegonia  Spitesi, 
HoabaUdt,  Boonviltc.  St.  Mi-inrntl  and  Clay  City. 

*8ce  VlMciuits  sad  Now  Bumaair  toposrapUe  ahMta,  U.  S.  0«oL  Snrvesr. 
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un  «xten.<^ve  valley  flat  on  which  the  town  of  Island,  Kentucky,  is  situated." 
The  upland^  commonly  rise  iriO  feet  above  the  flat,  wide  valleys,  but  most 
rommonly  impir<iii<te  relief  is  not  much  over  100  feet.  The  uplnnds  south 
of  White  Kivpi-  in  both  the  gluciuted  and  unglaciated  Kection>s  arc  well  dis- 
Mcted  and  rather  roufiii.  Sharp  ravines  descend  rapidly  and  widen  oat  as 
extensive  valley  flats  on  appmachinp  the  stream  into,  which  they  discharf^e. 
Thiii  roughness  is  prefient  in  southern  and  eastern  Daness  County  to  as  great 
a  degree  as  in  any  of  the  driftless  sections.  Perhap^  a  distinction  shonld  be 
made  between  tlie  more  ru^rifed  uplands  which  narh  TiOd  fci  t  or  more  in  alti- 
tude south  of  White  Kiver  and  the  more  gently  rolling  uplands  which  rardy 
are  higher  than  560  feet*  More  than  one-fiottrth  of  the  area  of  Knox  Connty 
is  valley  land.  This  county  is  bounded  by  rivers  except  on  the  north,  and 
possesses  more  river  boundary  than  any  other  county  in  the  state.  Practically 
all  of  the  upland  area  of  Knox  County  is  undulating  and  rolling.  Very  little 
.  flat  land  occurs  although  the  relief  is  small.  Sullivan  and  western  Greene 
counties  are  relatively  flat,  with  lf>cal  relief  of  rarely  more  than  T.")  feet.  The 
valleys  arc  broad  and  much  marsh  land  exists.  The  divides  between  the 
stream.H  are  low  and  generally  rather  flat  The  maximmn  local  relief  of  the 
Wabash  lowland  in  Indiana  occurs  at  Merom  where  a  precipitous  MufT  com- 
posed mostly  of  massive  sandstone  rises  170  feet  above  the  Wabash  Kiver. 
The  slope  of  this  eminence  away  from  the  river  is  rdatively  trentle.  In  the 
vicinity  of  the  Wabash  the  juljacent  uplands  are  fre  iucntly  composed  of  or 
covered  by  sand  dunes,  which  have  probably  been  formed  mostly  of  sand  blown 
from  the  valley  immediately  following  glaciation.  The  action  is  not  notice- 
able at  the  present  time.  These  dunes  are  rather  characteristic  north  and 
cast  of  Merom  in  Sullivan  County  and  are  present  in  a  number  of  places  east 
of  the  Wabash  on  the  uplands  adjaeent  to  the  valley." 


Ky<t  'i'  i'ikI  houiidtu  it  s.  Wo  pass  now  to  that  greater  portion  of  the  state 
where  the  features  of  continental  trlaciation  predominate,  and  instead  of  fea- 
tures produced  mainly  by  running  water  upon  various  beds  of  i-ock,  features 
of  an  entirely  different  origin  characterize  the  laiid.scape.  Topographic  forms 
resulting  from  destructive  denudation  here  merely  modify  the  surface  of  the 
great  till  plain,  and  over  much  of  it  are  insignificant.  A  great  area  lying 
south  of  the  Wabash  valley  from  Fort  Wayne  to  Logansport  and  west  past 
Kentland,  and  north  of  the  series  of  regional  physiographic  unit.s  of  the  south- 
em  part  of  the  state,  is  characterized  by  a  deep  covering  of  glacial  material, 
the  surface  of  which  is  mainly  flat  or  very  gently  rolling.  This  glacial  plain 
extends  eastward  into  Ohio  when-  it  covers  a  larvre  area  in  the  western  middle 
portion  of  the  state.  It  also  extends  westward  into  Illinois  bearing  the  same 
characteristics  as  in  its  most  typical  representation  in  Indiana.  It  is  a  vast 
till  plain  of  little  relief  and  meager  modiflcation  by  dissecting  streams.  The 
name  of  Tipton  lUl  plain  is  proposed  for  it  from  its  excellent  representation 
in  Tipton  County,  Indiana.  Tipton  County  lies  in  the  midst  irf  the  greatest 
expanse  of  its  most  featureless  portion.  The  Tipton  till  plain  in  Indiana  eom* 

>"Shnw,  N.  w  Sjrttcm  or  Qmtonmry  Lslcca  in  the  MiHiMinpi  Baalnt  Joyr.  GcoL.  Vol.  19, 
1911.  pp.  481-491. 

*>  PUIkr,  Dttncgr  Folio  No.  H.  U.  8.  Gcol.  Surr..  MttS.  nose  1,  rnider  hcMUnr  'Topoetmpiir.'' 
**  Simmon.  The  Bond  Areas  of  Indiannt   Pros.  Ind.  Ami.  Sel.  for  18U,  ppw  186-18S. 
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prises  approximately  ll/JOO  square  miles,  and  is  the  largest  phydographie 
division  in  the  state,  oceupjfmg  nearly  one-third  of  the  entire  area  of  the 
state." 

The  northern  boundary  line  in  Indiana  from  east  to  west  passes  along 
the  Bonthem  edge  of  the  lacnstiine  plain  of  the  former  glacial  lake  Haamee, 

and  is  marked  by  a  distinct  beach  lino  callt  1  the  Van  Wort  boach  line  tn  Frtrt 
Wayne,  at  the  western  end  of  the  old  glacial  lake.  From  Fort  Wayne  the 
boundary  line  passes  southwest  down  a  broad,  Hat-bottomed  valley,  occupied 
partly  by  the  insignificant  Abdite  Creek,  to  Huntington  where  the  Wabash 
River  enters  the  broad  valley  from  the  southeast;  thence  down  the  Wabash 
Valley  to  near  the  Cass-Carroll  County  line  some  10  miles  below  Logansport, 
and  thence  west  to  Monticello  in  White  County,  this  latter  portion  of  the 
boundary  being  arbitrarily  drawn.  Westward  from  Monticello  the  boundary 
passes  along  the  edge  of  the  till  plain  at  its  juctiun  with  a  flat  lacustrine  plain 
into  IlUnoia.  A  considerable  portion  of  this  line  is  marke<i  by  a  distinct  beach 
line  which  runs  on  an  east  and  west  line  just  north  of  Kentland." 

The  boundary  line  on  the  south  of  the  Tipton  till  plain  has  already  been 
ddimited  in  connection  with  the  northern  boundaries  of  the  divisions  present  in 
the  southern  part  of  the  state.  The  Shelbyville  terminal  moraine  of  the  Wis- 
consin glaciation  serves  as  the  boundary  for  slightly  more  than  half  of  the 
distance  across  the  state,  but  from  Nineveh  in  southern  Johnson  County  the 
line  passes  northward  to  near  Franklin  and  thence  northeast  to  Richmond 
and  the  statc-Iinc  in  southern  Wayne  County.  \o  natural  boundary  exists  in 
the  eastern  part  of  the  state  at  the  south  of  the  Tipton  till  plain.  The  Scotts- 
biirg  lowland,  the  Muscatatnck  reinonal  slope,  and  the  Dearborn  upland  pre- 
serve their  characteristics  as  rcRional  units,  though  they  are  trrmon<!nusly 
modified  at  the  north  on  account  of  the  increasing  thickness  of  drift.  The 
Tipton  tin  plain  and  these  regional  units  have  no  distinct  line  of  separation. 
Since  the  southern  divisions  wore  once  present  much  farther  noi  th  than  now, 
it  was  deemed  best  to  trace  them  as  far  as  possible.  Certainly  the  concavity 
of  the  Soottsburg  lowland  persists  beyond  the  limits  of  the  Shelbjrville  moraine. 
The  Muscatatuck  reK'innal  slope  persists  as  a  slope  well  within  the  Wisconsin 
glacial  drift,  though  the  drift  deeply  covers  the  bed-rock.  South  of  Kichmond 
the  Whitewater  drainage  system  has  largely  destroyed  the  till  plain  surface 
and  bed-rock  is  commonly  exposed,  causing  the  features  of  the  Dearborn  up- 
land to  prevail.  But  the  southern  units  are  gradually  overwhelmed  by  the 
increasing  thickness  of  glacial  material  northward  of  a  line  from  Nineveh  to 
Uushville  and  running  thence  to  the  southern  boundary  of  Wayne  County. 
The  zone  between  these  linos  may  be  considered  as  belonging  to  either  the 
southern  units  or  the  till  plain. 

Topographie  eondition.  The  Tipton  till  plain  is  characteristically  a 
slightly  modified  ground  moraine  plain,  and  over  wide  areas  is  monotonously 
flat  Poorly  developed  terminal  moraine,  tupo^rraphy  detracts  little  from  its 
general  lefdnen  over  wide  areas,  especially  through  several  thousand  square 
miles  in  its  central  and  northeastern  portion  in  Indiana.  Dryer  calls  it  the 

Th«  Tiplem  MB  jMn  it  nearly  cqulvslciit  to  the  CralrsI  OHift  Fta/t»  of  Diyvr. 
**Tlw  narthern  boqadanr  of  the  Tlptoa  till  pbin  ■eroH  ImlliuHi  Is  Meattnil  with  Pciine> 
nwB'B  VMiMtery  betwcm  the  "Eut«m  hike  netton'*  Mid  "Till  Plain  aeethm"  of  the  "Central 
lowland  i>r<>viiuc."  an  shown  on  PI.  I.  PhyatosrapUe  DIvialolu  of  the  United  Stntce:  Annnb 
Amoc.  Amer.  GruKr.,  Vol.  VI.  pp.  l»-y8. 
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"Central  Drift  nain'"*  and  tMyn  of  it:   "  .   .   .   the  topo^rraphy  is  timt  of 

an  almoit  featnrdees  drift  plain.  It  is  traversed  by  numerous  niorainic  ridges, 
but  thiay  are  kfw  and  inconspicuous.  The  traveler  may  ride  upon  the  railway 
train  for  hours  without  seeing;  a  Krreater  deration  than  a  haystacli  or  a  pile 
of  sawdust.  The  divides  are  flat  and  .sometimes  swampy,  the  .streams  muddy 
and  sluggish.  The  valleys  begin  on  the  uplands  as  scarcely  perceptible  grooves 
in  the  compact  boulder  clay,  widen  much  more  rapidly  than  they  become  deep, 
and  seldom  reach  down  to  the  rock  floor.*^  Leverett  !■  describing  the  most 
typical  pDilion  of  the  Tipton  till  plain  .says:  '*In  north-central  Indiana  a  trad 
of  about  4,UUU  square  miles,  extending  from  the  Bloomington  morainic  system 
northeastward  to  the  Hiisissinewa  morainic  system  and  northward  to  Wabash 
River,  is  without  strong  or  well  defined  moraines,  thoui^h  it  has  small  tract:; 
where  the  surface  is  undulatory  and  a  few^  places  where  boulders  are  numerou.'. 
In  general  its  surface  is  plane  and  its  drift  is  much  thinner  than  on  the  belt 

south  of  it.  This  tract  shows  a  westward  rlesccnt  of  £00  to  250  fret  in  1' 
miles,  dropping  from  1,100  feet  at  the  Ohio-Indiana  state  line  to  85U  to  S>UO 
feet  on  the  meridian  at  Anderson.  For  20  miles  west  from  the  Anderson 
riilian,  in  Madison,  Hamilton,  and  Tipton  counties,  the  altitude  is  remark- 
ably uniform.  The  southern  part  of  the  tract  rises  westward  into  the  ^rivat 
drift  belt  in  western  Hamilton  and  southwestern  Tipton  counties,  ascending  (>0 
to  100  feet  in  8  or  10  miles.  Farther  north  the^tract  very  gradually  <Ie.  rt  n 
to  the  northeast  toward  the  Wabash  Valley,  its  altitude  at  the  border  of  that 
valley  being  about  70U  feet.  From  the  great  drift  belt  in  eastern  Indiana 
northward  about  to  White  Riwr  the  descent  is  abrupt,  beingr  120  feet  in  10 
miles-  from  Bloomingsport  [near  the  highest  point  in  Tmliana]  to  Winchcsto  , 
150  feet  in  9  miles  from  ridges  near  Luray  [northern  Henry  County]  to 
Munde^  and  140  feet  in  14  miles  from  Warrington  [northeastern  Hancoc!i 
County]  to  Anderson."" 

In  dealing  with  the  topographic  condition  of  a  glacial  plain  there  arc  two 
types  of  forms  to  be  considered:  first,  those  inherent  on  a  glacial  plain  of  con- 
struction, and  second,  those  which  have  come  into  existence  since  the  plain  wa:: 
formed,  or  features  of  .sub.sequent  development.  Topographic  forms  inherent 
on  the  Klucial  plain  are  any  forms  made  during  the  construction  of  the  plain 
by  glacial  agencies.  These  are  utoaUy  features  ii^ich  give  differences  in  re- 
lief, or  which  detract  from  planeness.  Such  forms  arc  the  knolls,  basin  -  and 
ridges  of  terminal  moraines,  drumlins  peculiar  to  certain  gound  moraines, 
and  eskers,  Icames,  and  other  fluvio-glacial  features  always  direetly  asso* 
ciatcd  with  ^rlaciation.  The  .second  type  of  forms  consists  of  the  furni-  i)ro- 
duced  by  running  water,  etc.,  subsequent  to  the  formation  of  the  glacial  plain. 
8u^  may  only  slightly  modify  the  plain  or  they  may  compktdy  destroy  it» 
dqiending  upon  time  and  condition.  Both  of  these  t3rpes  will  be  taken  up  with 
respect  to  the  Tipton  till  plain. 

The  chief  inherent  irregularities  of  the  Tipton  till  plain  are  the  terminal 
moraines  and  their  associated  features.  No  drumlins  exist  in  Indiana.  A 
Social  map  chiefly  following  Leverett  accompanies  this  r^rt,  and  this  shows 
the  position,  extent,  and  rdationdiip  of  the  terminal  moraines.   (PL  III.) 

**Dt)rcr,  Gcaaraithy  of  Indhma.  Supplement  ta  Hlsh  Sehool  Ceiwraphy:  Amcr.  Book  Co., 
191S. 

'*I>ry«r.  Studies  in  Indiitm  Geography:  Inland  Pub.  Co.,  Tcrri'  IlHuto,  Imi.,  ItiUH.  p.  19. 
"  L^varctt,  The  Pirfataeme  of  Ipdiaaa  and  lliablgan:   U.  8.  Geol.  Surv..  HonoKr.  M,  IMS. 

p.  107. 
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These  features  are  not  revealed  on  the  topopraphic  map,  and  no  conception 
may  b«  formed  from  it  of  the  unevenness  of  the  terminal  moraines.  Only 
where  they  are  massively  piled  up  do  they  eontrol  the  KNKfoot  contoors.  Thus 
in  Randolph,  Jay  and  Benton  countie*  in  particular,  and  in  Henry,  Adams, 
and  Wayne  counties  to  a  less  degree,  the  outlines  of  the  higher  morainic  mate- 
rial are  indicated  hy  the  position  of  the  contours.  The  individoal  topography 
of  the  moraines,  however,  is  not  shown,  the  contours  showing  rathn  the  gen- 
eral altitude  of  the  morainic  masses. 

The  Shelbyville  morainic  system**  along  the  southern  boundary  of  the 
Tipton  till  plain  is  traeualtle  over  a  considerable  portion  of  its  extent  by  the 
change  in  soil  condition  rather  than  by  morainic  topography.  In  Vermillion 
and  Parke  counties  it  is  quite  distinct,  thougch  only  a  slight  increase  in  alti- 
tude occurs  at  its  outer  murfrin.  The  knoUs  and  sags  have  a  variable  rdief 
though  the  amount  is  small,  rarely  beinp  more  than  ^0  feet.  A  similar  con- 
dition occurs  in  Morgan  County  between  Monrovia  and  Moore.sville.  East  of 
Martinsville  and  southeast  into  southern  Johnson  County,  the  knob  and  basin 
type  of  moraine  is  quite  distinct,  some  of  the  knolls  roachinf^  r>0  or  fiO  feet 
above  the  marginal  area.  This  moraine  at  the  eastern  margin  of  the  Scotts- 
burg  lowland,  east  of  Columbus,  and  aeroes  the  Museatatuck  regional  slope 
from  Elizabethtown  east  and  northeast  past  Grecnsburp  to  Connersville,  pre- 
sents hummocky  topography  of  low  relief  over  a  width  of  from  1  to  4  miles. 
The  knolls  seldom  rise  more  than  HO  or  30  feet  above  the  sag-like  basins  be- 
tween them. 

In  Fountain,  Montgomery,  Warren,  Tippecanoe,  and  Benton  counties  lies 
a  tangled  mass  of  moraines  whidi  belong  to  two  or  possibly  three  morainie 
systems.  Those  of  the  Champaign  system*  in  Fountain  and  Montgomery  coun- 
ties stand  above  the  flat  inter-morainic  tracts  usually  25  or  'M  feet,  with  occa- 
sional knolls  rising  50  or  60  feet  above  their  surroundings.  Northward  in 
Warren,  Benton  and  Tippecanoe  counties  the  Bloomington'°  morainic  system 
presents  a  complex  series  of  moraines  which  are  difficult  to  correlate.  "Clusters 
of  sharp  knolls  covering  a  square  mile  or  more,  surrounded  by  gently  un- 
dulating or  nearly  plane  tracts,  can  be  linked  into  two  parallel  chains  leading 
eastward  and  then  southeastward  into  Montgomery  County.  Some  of  the 
knolls  in  these  clusters  reach  a  height  of  50  or  60  feet  and  many  reach  30 
feet  or  more.  Shawnee  Mound,  in  southwestern  Tippecanoe  Coun^,  rises  90 
feet  above  the  surrounding  country  and  80  feet  above  the  marsh  on  its  north- 
west border.  About  5  miles  southeast  is  Cemetery  Hill,  also  60  feet  high. 
In  Tippecanoe  County  a  gently  undulating  surface,  extending  entirely  across 
the  southern  townships,  is  about  100  feet  higher  than  the  next  range  of  town- 
ships to  the  north.  In  places  the  descent  to  this  northern  plain  is  abrupt,  but 
as  a  rule  it  extends  over  a  distance  of  2  miles  or  more."" 

In  the  southern  ninldle  iMsition  of  the  Tipton  till  plain,  in  Hendricks, 
Boone,  Hamilton,  Marion,  .lohnsnn,  Hancock,  and  Shelby  counties,  the  moraines 
are  occasionally  well  developed  and  stand  in  knoll  and  basin  form  with  occa- 

**  I.<'vi  T(  tt.  Illinois  CIhcihI  I.4ib>':  U.  S.  Ci-n\.  Sirrv..  .Monnvir.  3H.  IS'.i'J,  |.|..  ISy.'.MH;  The 
Pki»tc>ciMii'  <if   Iiicliuna   iiiiil    Mi<  hiirMti  :     U.   S.  Cleol.   .Surv..   Mi>nov;r.   .M.    I'.lir).  T7-Sti. 

*•  Li'viTftt.  The  Illinois  (ilaciHl  i»bi':  U.  S.  tJcol.  Surv..  Monugr.  3K.  I8!H1.  pp.  ^:!3-2IO: 
Thr  Plt>i!.t<>o<>n<-  of  Imliana  and  Mlchitran :    U.  B.  Gcol.  Stirv.  Monosr..  63,  1»I5.  pp.  87-M. 

«*Leverctt.  U.  S.  Geol.  Surv..  Monogr.  38.  IS99.  pp.  S40-SM;  U.  S.  GmL  Sarv..  MonitKr. 
n.  ISIS,  ppw  S8-1SS. 

**LmKtt,  IT.  8.  Gcol.  Surv..  Manner.  M,  ItlK.  pp.  N-SC 
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sional  ridirc-like  pi-ominences  above  the  general  plain.  As  a  rule,  the  knolls 
are  no  mor«  than  30  feet  above  the  gently  undulating  to  flat  intermorainic 
tracts,  thmifjh  exceptions  locaUy  ooeur,  heights  of  60  or  00  feet  bein?  attained. 
The  Champaign  system  from  Waverly  southeast  in  Johnson  County  to  the 
south  and  east  of  Franklin  presents  a  number  of  rather  conspicuous  knobs 
on  its  rather  broad  tract  Knolls  of  40  feet  or  more  rise  above  the  adjacent 
plain.  Doty  Mound  northwest  of  Barpeisville  rises  shai  pely  75  feet  above  its 
surroundinfrs,  and  Donnel  Mound  east  of  Franklin  rises  90  feet  above  the  plain. 
The  Bloomiii>ftoii  morainic  system  in  Marion  and  northern  Johnson  counties 
fdves  rise  to  considerable  local  relief.  Crown  Hill'*  in  Indianapolis  rises  126 
feet  abovf  White  Hivcr  valley-train  plain,  and  a  sharp  ridpe  south  of  Indian- 
apolis near  the  Murion-Johnson  line  rises  75  to  125  feet  above  the  plain.  The 
Caiampaign  and  Bloominfrton  morainic  belts  in  Shdby,  Rush,  Hancock  and 
southern  Henry  counties  are  rutht-r  low  and  are  nowhere  prominent. 

In  northeastern  Henry,  southeastern  Delaware,  Randolpli,  and  northern 
Wayne  counties,  the  Champaign  and  Bloomington  morainic  systems  are  quite 
prominent,  and  a  preat  mass  of  morainic  atcuniulation  here  pives  rise  to  the 
highest  area  in  the  state.  Over  considerable  of  this  great  morainic  pile  the 
loral  rdief  ia  not  great;  the  knolls  rise  as  gentle  eminences  and  the  slopes  to 
the  streams  are  not  abrupt*  The  highest  area  in  eouthcm  Randolph  County 
is  rather  a  morainic  plateau  of  uneven  surface.  In  northern  Henry  County 
in  the  vicinity  of  MU  Summit  a  system  of  ridges  and  knolls  rises  rather 
abruptly  75  or  100  feet  above  the  bordering  marshy  plain  of  the  headwaters  of 
Blue  River.  The  morainic  mass  is  thickly  strewn  with  boulders.  Leverett" 
.says  of  this  morainic  m:uss:  "In  southern  Randolph  and  northern  Wayne 
counties,  Ind.,  the  moraine  covers  an  uneven  surface  of  uplands  and  kywlands, 
the  lowlands  beinp  occupictl  by  the  headwater  branches  of  Whitewater  River. 
.  .  .  The  knolls  of  this  region  arc  closely  aggregated  and  thickly  strewn 
with  boulders,  but  few  of  them  reach  a  height  exceeding  30  feet** 

In  the  rorth(  astern  part  of  the  Tipton  till  plain  a  .series  of  similarly  cui-v- 
ing  terminal  moraines  occurs.  These  moraines  in  connection  with  their 
correlatives  north  of  the  Erie-Wabash  glacial  waterway,  furnish  an  excellent 
illustration  of  recessional  moraines  formed  during  the  retreat  of  a  great  glacial 
ice-lobe."  The  Union  City  moraine  (see  PI.  Ill)  is  the  outermost  in  the  series, 
but  is  poorly  developed  and  only  locally  pos.ses,ses  the  typical  characteristics 
of  a  terminal  moraine.  The  Mi-ssissinewa  moraine  is  the  .'<econd  in  the  series 
and  is  well  developed.  It  extends  from  the  Waba.sh  River  just  east  of  Wabash, 
southeast  in  a  curve  to  Hartford  City,  Redkey,  and  eastward  into  Ohio.  It  is 
several  miles  broad  and  composed  of  a  mass  of  morainic  material  which  rises 
above  the  plain  rather  gently,  but  consists  of  numerous  knolls  and  basin.s. 
None  of  the  knolls  rise  high,  though  the  entire  mass  is  20  to  100  feet  above 
the  flat  ground  moraine  on  which  the  hummoeky  terminal  moraine  appears 
to  lie.  The  hipher  figure  is  toward  the  Indiana-Ohio  line  whore  the  altitude 
reaches  over  1,100  feet.  The  Missi&sinewa  River  flanks  the  moraine  on  the 
outside  curve,  and  the  moraine  rises  rather  abruptly  above  it  Tiie  aecond  of 

^Oryer.  Tlw  Phjraloffniphjp  of  IndtaMpolto:  Proe.  Ind.  Acad.  ScL  fw  1917.  pp.  S8-67. 
**  See  Winchpstcr  topoxraphie  aheet.  U.  S.  GmI.  Surv.,  1918. 

«•  I>?vcrftt,  The  PleUlweiu'  of  Ind(«nii  and  MichiRRn :  V.  S.  Ocol.  Surv..  Monotrr,  5n,  ltM5, 
p.  98. 

*»  Dryer,  The  Drift  of  the  Waba»h-Cric  Itfgion :  EiKhttcriih  Ann.  RepU.  Ind.  Ocol.  Surv.. 
18N.  pp.  99-99, 


Digitized  by  Google 


Hand  Book  of  Indiana  Gbolooy 


109 


the  series  is  the  Salamonie  moraine  extending  east  from  Portland  in  Jay 
County  in  one  dii-ection  and  northwest  in  the  other  direction.  It  lies  immedi- 
ately adjacent  to  the  Salamonie  River,  utul  rises  rather  abruptly  above  it.  It 
is  a  vei-y  narrow  moraine  of  the  knob  and  basin  type,  the  knolls  risinp:  20  or  'Mi 
feet  above  the  flat  plain  to  the  cast.  The  third  of  the  series  of  rece.ssional 
moraines  lies  alongside  the  Wabash  River,  and  is  a  fairly  well-developed 
moraine  with  its  hijjher  knolls  risinfr  MO  to  M  foot  above  the  intermorainic  flat 
plain.  The  fourth  of  the  series  south  of  the  Eric-Waba^h  waterway  is  a  broad 
moraine  adjacent  to  th«  St  Mary's  River,  with  its  higher  portion  rising  40 
to  60  feet  above  the  flat  intermorainal  plain. 

The  Tipton  till  plain  as  a  constructional  feature  in  the  zone  of  ice  wastage 
is  a  plain  without  Talleys;  but  as  the  ice  melted  from  the  region  the  older  and 
first  exposed  portion  of  it  was  subject  to  overflow  by  the  waters  comin^:r  from 
the  ice  of  the  poi  tion  still  under  construction.  Consequently  there  are  numer- 
ous broad  valleys  leading  southward  and  southwestward  across  the  plain. 
Most  of  these  glacial  waten^'ays  are  now  occupied  by  streams,  though  in  many 
cases  the  streams  are  very  small  and  feeble  as  compared  to  their  Pleistocene 
ancestors,  which  during  the  melting  seasons  occupied  the  whole  valley  and 
car\'ed  out  the  valley  practically  as  it  exists  today.  The  master  valley  of  the 
whole  state  is  the  great  valley  of  the  Wabash.  The  valley  betrin^  at  the  west 
end  of  the  Maumee  lacustrine  plain  (described  below),  but  is  not  occupied  by 
the  Wabash  River  between  Ft.  Wayne  and  Huntington,  as  the  present  river 
enters  this  Pleistocene  valley  at  Huntington.  But  most  of  the  Pleistocene 
waterways  were  of  a  different  type  than  the  Pleistocene  Wabash  Valley.  The 
Wabarit  Valley  carried  rdativdy  clear  water  from  glacial  Lake  Maumee,  a 
vast  ice-dammed  lake  stretching  eastw^ard  from  Fort  Waj-ne."  Most  of  the 
io^fed  streams  were  more  temporary  in  character,  and  must  have  carried  great 
ijuantities  of  glacial  material,  so  that  aggradation  was  an  important  process 
in  their  descent  towards  the  .sea.  The  clear  waters  coming  from  Lake  Maumee 
wars  capable  of  cutting  downward,  and  thu.s  gave  rise  to  a  trench  cut  below 
the  general  plain.  The  most  notable  valley  of  this  sort  is  the  Illinois  Valley 
extending  from  Lake  Michigan  at  Chicago  southwestward  to  the  Mississippi. 
This  valley  is  broad  and  is  deeply  entrenched  beneath  the  level  till  plain  through 
which  it  flows.  The  Illinois  Valley  was  maintained  a  very  long  time  and  w^as  re- 
duced to  a  very  low  gradient.  The  Waba.sh  Valley  from  Ft.  Wayne  was  of  thi* 
type,  though  it  lasted  as  the  outlet  of  lake  waters  only  a  relatively  short  time. 

The  chief  waterways  across  the  Tipton  till  plain  flowed  either  south  or 
souttiwast  A  number  of  these  headed  near  the  high  morainic  mass  in  south- 
em  Randolph  County,  artd  flowed  southward  down  the  present  route  of  the 
Whitewater  Kiver.  This  stream  was  especially  favorable  for  receiving  the  dis- 
charge of  the  ice-fed  watera,  because  it  was  located  between  two  rather  promi- 
nent ice  lobes,  as  evidenced  by  the  positions  of  the  njoraines.  IMah  nck  Valley, 
heading  in  northeastern  Rush  County,  Blue  River  Valley  heading  north  of  New- 
castle, Sugar  Creek  Valley  south  of  Acton,  west  fork  of  White  River  Valley 
south  of  Noblesville,  Eel  River  Valley  from  near  Lebanon,  are  valleys  which 
owe  their  existence  largely  to  the  work  done  by  glacial  waters.  The  streams 
which  now  occupy  these  valleys  have  modified  them  very  little  stnoe  the  dose 
nf  the  ^beial  period.  The  present  streams  are  hut  feeble  representatives  of 

*•  Dryer.  The  Maaaaeo^Wsladi  Water-w^rs   Aimeb  AMoe.  Aoiir.  Gwfr.,  Vot  IX.  IMO, 

pp. 
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thc'i  mighty  proirenitors.  Another  rather  remarkable  valley  which  mast  have 
been  a  route  of  the  prlacial  waters  Ite^^ns  near  Marion  and  extends  southward. 
It  Crosfies  Pipe  Creek  at  Alcxuiuh  ia,  White  Jliver  at  Anderson,  Fall  Cieck  at 
Pendleton,  and  Sugar  Creek  in  northern  Hancock  County,  beyond  which  it  is 
followed  hy  Brandywine  Creek  to  its  Junction  with  Blue  River  west  of  Shelby- 
ville.  This  rather  remarkable  placial  valley  is  approximately  70  miles  in 
length,  and  varies  from  one-eighth  to  one  mile  in  width.  It  is  nowhere  con- 
qiieuoos.  but  is  easily  traceable  throughout  its  lenjtth.  In  a  broad  stretch  from 
Anderson  southward  it  is  occupied  by  ono  of  the  best  defined  and  longest  eskers 
in  the  entire  state."  The  presence  of  the  csker  throws  some  light  on  the 
origin  of  this  rather  remarkable  glacial  waterway.  It  may  be  said  here  that 
other  eskers  in  Indiana  are  also  definitely  associated  with  placial  waterways, 
though  usually  with  the  shorter  and  more  inconspicuous  routes  which  on  ac- 
count of  their  topofcraphic  position  are  not  now  occupied  by  any  considerable 
stream.  The  more  conspicuouf^  eskers,  and  these  are  usually  broad  shallow 
deposits  of  water-laid  sand  and  Ki'&vel,  occur  near  Muncie  in  Delaware  County, 
near  Bumey  in  Decatur  County,  near  Franklin  in  John.son,  near  Malta  in 
Putnam  County,  near  Greensboro  in  Henry  County,  and  near  South  Raub 
in  Tippecanoe.'"  The  esker  at  Sottth  Baub  is  perhaps  tiie  most  prominent  and 
best  defined  esker  in  Indiana." 

Post-glacial  stream  development  is  rather  feeble  over  the  greater  part 
of  the  Tipton  till  plain.  The  drainage  lines  over  extensive  areas  of  the  plain 
are  mere  channels  without  noticeable  valley  formation.  The  tributary  streams 
on  their  approach  to  the  great  valleys  developed  by  the  Pleistocene  waters 
are  entrenched  somewhat  in  accordance  with  the  main  valley.  Such  entrench- 
ment is  best  developed  by  the  streams  which  enter  the  Wabash  valley.  The 
Wabash  valley  as  «feveloped  by  the  gtadal  waters  from  idacial  Lalce  Maumee 
and  other  ice-discharpe<l  waters  which  came  into  it,  extending  from  Ft. 
Wayne  west  and  southwest  to  near  Delphi,  is  cut  from  50  to  125  feet  below 
the  bordering  plain,  and  is  one-fourth  to  one  mile  in  width.  Over  much  of 
this  course  it  is  cut  through  the  glacial  drift,  and  occa.sional  bed-rock  bluffs 
rise  sharply  from  the  valley  floor.  From  the  vicinity  of  Delphi  the  Wabash 
Valley  follows  a  broad  pre-glacial  valley  from  which  the  glacial  material  has 
been  partly  removed.  It  is  apparent  that  glaciation  completely  filled  this  pre- 
^lacial  valley,  and  through  Tippecanoe,  Warren-Fonntain,  Vermillion-Fountain, 
and  Vermillion-Parke  counties  to  the  Shelbyville  moraine  the  glacial  material 
has  been  re-excavated  to  a  depth  of  approximately  200  feet  below  the  plain. 
The  valley  is  much  wider  in  this  portion  than  in  the  portion  above  Delphi. 
This  portion  of  the  valley  is  flanked  by  two  sets  of  terraces,  the  higher  one  of 
which  is  approximatdy  160  feet  above  the  river.  Prominent  remnants  of  this 
older  placial  valley  floor  occur  as  broad,  level  jrravcl  plain  ,  such  as  the  one 
on  which  Purdue  University  at  West  Lafayette  stands,  and  the  Wea  Plains 
southwest  of  Lafayette  on  the  south  side  td  the  valley.** 

"  Leverett.  U.  S.  Gcol.  8urv.,  Momvr.  ftS,  ISU,  pp.  IflS-lll.  Itcewa,  The  Aadenoa  Biker: 
Amer.  iottr.  8eL,  Vol.  (0,  ISMt  pp.  tMt. 

•Lwentt.  U  &  G«oL  Snrv.,  Mooogr.  S8.  ISIS.  pp.  8S.  »S  and  m*llt. 

^MeBeth,  An  Biker  In  TIppenBM  Gmmty.  Indiam:    Prac.  I;id.  Acad.  Sd.  for  1904. 

pp.  4S-46. 

^"  Thi'  iii  tiul-<  of  thr  toiMiuriiphic  ronilitinn  <•(  ihr  Wnbayh  Valley  ■•td  Ito  Burial  hi.-tory, 
nnd  in  itmlinilHr  with  rrspocl  t<i  it.n  trrrart-*.  mny  In-  fimnil  in  the  fotlowind  rffiTcnci-s) : 
MeBrth,  The  Physirwl  ni-<i»rii|ihy  nf  thr  Rt-jrion  ct  the  Great  Bend  of  the  Walmsh :  Troc.  Ind. 
Acad.  Sci.  for  1(199,  pp.  16«-Ul ;  Th«  Oevetopmmt  of  th«  Woteab  Orainace  Syatcm  and  the 
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The  entrenchment  ci  the  tributary  ?;!rcr.ms  cf  the  Wabash  Uiver  above 
Delphi  is  ineonapieuous  a  short  distance  from  the  river.  The  streams  are  swift 
and  flow  in  rather  sballo-.v  valley;  .  The  Wahash  River  above  where  it  enters 
the  old  glacial  waterway  at  Huntington  is  in  a  rather  shallow  valley  and 
nowhere  has  cot  through  the  boulder  clay  of  which  ^e  plain  is  made.  The 
lower  part  of  Wildcat  Creek  in  Tippecanoe  and  western  Carroll  counties  is 
in  a  considerable  valley,  fcr  the  moal  part  a  re-excavated  pre-glacial  valley. 
Nortb  and  west  of  th»  Waliaeh  River  below  Delphi  the  streams  on  approaching 
the  river  become  deeply  trenched  in  the  till  plain.  The  lower  part  of  the 
Tippecanoe  River  is  very  crooked  and  entrenched  approximately  100  feet." 
Ju.st  back  of  the  bluffs  the  plain  is  excellently  preserved  as  a  typical  till 
plain.  In  Warren  and  Vermillion  counties  adjacent  to  the  Wabash  Valley  the 
plain  is  quite  rupj^ed  and  much  di-ssccted  by  minor  .streams.  The  valley  trench 
of  Pine  Creek  in  Warren  County  is  ccuapicuous.  Vermillion  Uiver  in  middle 
Vermillion  County  is  also  deeply  entrenched,  the  till  slopes  being  rdativdy  steep 

and  descending  1.50  feet  cr  more  below  the  general  level  of  the  plain  "  In 
Fountain,  Montgomery,  and  Parke  counties  considerable  relief  exists  where  the 
main  streams  have  dissected  the  plain,  though  between  the  main  streams  the 
till  plain  is  wfll  ptcserved  and  is  fairly  representative.  Coal,  Su^ar,  and 
Raccoon  creeks  were  probably  partly  excavated  by  outgoing  glacial  waters, 
but  their  deep-set  tributaries  near  the  main  trenches  are  chiefly  the  work  of 
postglacial  run-off.  Sutrar  Creek  in  southwestern  Montgomery  and  northern 
Pftrhe  counties  is  deeply  entrenched  in  and  below  the  massive,  resistant  Mans- 
field sandstone,  and  sheer  cliffs  of  100  feet  or  more  are  present.  In  the 
"Shades  of  Death"  park '  and  the  Turkey  Ron  State  Park,  Sugar  Creek  and 
its  tributarie.s  exhibit  wild  and  ruj^^jed  scenery.  A  maximum  entrenchment 
below  the  plain  of  over  2C0  feet  occurs  here.  In  general  the  western  part  of 
the  Tipton  till  plain  in  Indiana  has  lost  its  chief  characteristics,  general  flat- 
ness and  small  local  relief  due  to  the  enti-enchmcnt  of  the  Wabash  Valley  and 
the  resulting  dissection  of  the  plain  in  its  vicinity,  yet  notable  portions  of  the 
typical  tin  plain  are  preserved  between  the  main  streams,  even  doae  to  tlie 
Wabash  Valley  itself.  This  condition  ia  very  well  shown  on  the  topognqphie 
map,  PI.  1. 

The  headwater  streams  of  Whitewater  River  are  in  broad,  basin-like 
valleys  considerably  below  the  higher  parts  of  the  high  moraine  but  they  are 
not  sharply  trenrherl  until  they  approach  the  .southern  part  of  Wayne  County 
where  they  pass  into  the  Dearborn  upland  area.  The  puiallel  streams  which 
cimstitute  the'  headwaters  of  east  fork  of  White  River  head  on  the  westward 

RcMiaiMi  of  the  IM  SHeH  in  litdfauui!  Pm.  Ind.  AauL  8d.  fur  IMW.  pv.  IM-ltS;  Waliuli 
Temccs  in  Tippcranne  County,  Indiaim :  Proc.  Ind.  Acad.  Sei.  for  IMI,  pp.  2S7-243 :  History 
of  Wea  Crrt-y  in  Tippwiinne  County.  Indiana:  Proe.  Ind.  Acad.  Sci.  for  1901.  pp.  244>247  : 

Voluini  .,f  thf  Ancient  Wabanh  River:  Vroc.  Ind.  Acad.  Sci.  for  I9i:>.  |)|>.  189-190.  SoortU. 
Tt-rrHci-s  <if  thi-  Lower  WaiMxh :  PriK-.  Inii.  AchiI.  S«-i.  for  IH1IH,  pp.  27'l-277.  Dryer,  A 
Physlojfraiihir  .Surviy  of  the  'Itrrc  Ilautt'  Ar<-ii:   I'mc,  Ind.  Acad.  Sci.  for  191(1.  pp.  HS-lMs 

WalMili  Studica:  Pruc.  Ind.  Acad.  Sci.  for  iltl2.  pp.  ;  Tlic  Mauinee.WalMwii  Waterwair: 

Anmtia  Aam.  Amer.  Gcocr..  Vol.  IX,  1920.  pp.  4141.  (ContAlna  dataiicd  map*  ot  tkm  Wahuii 
unmtm  fnm  Fort  Wayne  u>  Um  month  of  tlie  Wnbuli.) 

•>Brc«se.  Thp  Valley  of  tlie  Lower  Tippemnoe  River:  Ptoe^  Ind.  Aend.  Set.  flir  IMl. 
pp.  CI5-Ji«;:  S'lmr  Topoirraplile  PVntHrea  tn  the  Lower  Tippecnnoe  Vallcyi  Proe.  Ind.  Acad. 
Sci.  for  ino:!.  in>.  r.m.20o. 

^- I>Hnvilli>  I  lllin<>i.<-tndl»na)  Quadrangle.  IT.  H.  f>e<il.  Surv.,  I(M)2. 

"Uarrett.  The  Beautiful  Sliadca:  list  Ann.  Rcpt;  Ind.  Ceoi.  Surv.  for  ItlS.  pp.  SMK. 
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slope  of  the  till  plain  (which  is  here  continuous  with  the  northern  part  of  fhe 
Muscatatuck  rcKional  slope)  and  are  little  below  the  Reneral  level  of  the  till 
plain.  The  valleys  of  those  ^^t trams  are  Teiitable  valley-trains  and  are  little 
modified  by  po.st-glacial  slieam  action. 

The  west  fork  of  White  River  oecupie&  a  broad  valley  but  slightly  below 
the  tin  plain  surface  beyond  eastern  Hamilton  County.  In  the  vicinity  of 
Noblesville  the  valley  is  somewhat  below  the  plain  and  till  bluffs  become  com- 
mon. Southward  from  Noblesville  the  valley  was  clearly  the  passageway  of 
lar^e  volumes  of  water  iluiini,'  the  retreat  of  the  trlacial  ice.  Tt  is  bmad,  and 
in  southern  Marion  and  Morgan  counties  is  175  feet  below  the  till  plain. 

Northern  Moraine  and  Lake  Region. 

ChMnU  Charaeter,  Name  and  Subdirvtions.  North  of  the  Tipton  till  plain 
lies  a  prreat  r^on  of  variable  relief  character,  the  surface  of  which  is  com- 
posed of  the  younger  drift  of  the  Wiscon.sin  glacial  epoch.  Fenneman"  has 
called  this  rejfion  east  of  the  Wisconsin  driftless  section  the  Eastern  Lake  sec- 
tion of  the  Central  Ivowland  piovincc.  Dryer"  has  called  the  portion  which 
lies  in  Indiana  the  Northern  Moraine  and  Lalie  Region.  It  is  certainly  occu- 
pied by  nwnerons  lakes  wfaieh  constitute  one  of  its  chief  features.  Most  of 
the  lakes  arc  relatively  small  and  are  nearly,  if  not  quite,  restricted  to  the 
terminal  morainei^.  The  Great  Lakes  themselves  belong  in  part  to  this  region, 
and  represent  lake  basins  of  a  different  character  from  the  smaller  morainie 
lakes.  Lacustrine  plains  of  pi  eat  extent  occur,  and  these  are  marked  by  broad 
marshes,  or  areas  which  were  formerly  marshes,  broken  by  low  sand  ridges 
or  knolls.  .The  Indiana  portion  of  the  region  is  typically  a  compound  of 
mas.sive  rugged  moraine.s  occupied  by  lakes  and  broad  lacustrine  plains.  Only 
locally  occur  small  areas  of  level  till  ^lain,  but  it  isOikely  that  much  of  the 
lacustrine  plains  consists  ti  areas  of  level  till  plain  covered  with  a  veneer 
of  lacustrine  deposit.  Nowhere  north  of  the  Waba.sh  Valley  is  bed-i-ock  ex- 
posed at  the  .surface,  except  in  .southca.stern  Jasper,  southwestern  Pula.ski  and 
northwe.stern  White  counlie.s  where  the  coatinK  of  till  and  lacustrine  deposit 
is  thin,  and  local  outcrops  occur.  Practically  everywhere  else  in  the  region 
the  thickness  of  the  jjlacial  drift  is  nieasuied  in  hundreds  of  feet. 

No  geographic  name  applicable  to  the  region  as  a  whole  is  available,  and 
Dryer's  name  Northern  Moraine  and  Lake  Region  is  used  here.  It  win  be 
noticed  ttiat  the  lakes  of  the  region  arc  limited  to  the  rupped  moraines,  and 
(iiBt  moat  of  the  level  areas  are  lacustrine  plains.  Massive,  rugged  moraines 
ahd  broad  lacustrine  )>lain8  chiefly  characterize  the  region.  These  featprea 
are  used  as  the  basis  nf  uhdivi-ion  of  the  rcRion.  Three  areas  of  the  Indian* 
portion  are  chietiy  characterized  by  predominance  of  laicustrine  plains,  and  two 
areas  are  principally  uneven  morainie  masses  of  considerable  altitude  as  com- 
pared with  the  lacustrine  plains.  The  morainie  masses  are  occupied  by 
morainie  lakes.  Geograpliic  names  are  applied  to  these  subdivisions,  as  fol- 
lows: i.  Calumet  Laeuetrine  aeetion,  S.  Vo^oroiM  Moraine  section.  S.  ' 
Kankakee  Lacustrine  section.  4.  Stexiben  Marainat  Lake  eeetion.  5.  Maumee, 
Lacuatririr  sfrtiou.  AH  of  these  subdivisions  or  sections  extend  beyond  the 
limits  of  the  state.  Their  combined  area  in  Indiana  compri.ses  iipproxiniatcly 
8,700  square  miles. 

"  Kt'iinoman.  AnniiN  Amhoc   AnuT.  (Iiturr..  VdI.  VI.   I'.OT.  pp.  19-98. 
Dryer,  Indinna  Suppl«tn«nt.  N«lunil  One-Book  Geiiicraphy:    Amer.  Book  COb,  19tl. 
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The  Calumet  Lacmitritte  Section.  The  Calumet  lacustrine  section  is 
mainly  the  area  soufh  of  the  head  of  Lake  M idiigan  which  was  onee  covered 

by  lake  waters.  It  extends  northeastward  a  few  miles  along  the  lake  shore 
into  Michigan  to  near  the  mouth  of  Gilien  Kiver,  and  westward  into  Illinois 
to  a  point  a  few  miles  north  and  west  of  Chicago.  Dnrinir  this  expansion  of 
the  lake  it  had  its  outlet  throush  the  Illinois  River  to  the  Mississippi.  Its 
present  outlet  was  covered  by  glacial  ice.  The  southern  boundary  of  the 
lacastrine  plain  is  marked  by  an  old  beach  line  known  as  the  Glenwood  beadi.** 
This  old  l>cach  line  ha.s  an  altitude  of  about  640  feet,  and  is  about  60  feet 
above  Lake  Michigan.  It  extends  from  Dyer  eastward  to  near  Wheeler  in 
Porter  County,  and  thence  north  and  northeast  to  within  2  or  3  miles  of  the 
lake  diore,  and  parallel  with  it  into  Michifcan.  The  lake  plain  passes  a  few 
miles  up  Salt  Creek  and  up  the  Calumet  River  to  near  the  east  line  of  Porter 
County.  The  name  is  taken  from  the  Calumet  River  which  traverses  the 
lacustrine  plain  in  itn  best  developed  portion."  The  area  covered  by  the  Cal- 
umet lacustrine  section  in  Indiana  is  approximaftly  27.''i  square  miles.  The 
entire  section  around  the  head  of  Lake  Michigan  has  an  area  of  60U  square 
miles  or  more. 

The  Calumet  lacu.'itrine  section  is  by  no  means  a  featureless  lake  plain. 
It  is  marked  by  a  number  of  low  sand  ridges  which  extend  parallel  to  Lake 
Mtchigan.  These  low  sandy  ridges  are  <dd  beach  lines  marking  the  successive 
stages  in  the  withdrawal  of  the  old  lakf  from  the  area.  The  outer  margin  of 
the  plain  is  somewhat  trenched  by  Deep  River  and  its  small  tributaries  in  the 
vidnity  of  Hobart*  East  and  northeast  of  Gary  and  adjacent  to  the  lake 
occurs  a  remarkable  belt  of  dunes.""  This  dune  belt  has  in  it  .some  of  the 
largest  sand  dunes  in  the  United  States.  ML  Tom,  north  of  Chesterton  in 
Porter  County,  rises  190  feet  above  the  surface  of  Lake  Michigan,  and  several 
other  massive  dunes  in  that  vicinity  nearly  etiual  it  in  hciffht.  But  except  for 
the  low  ridges  of  the  old  beach  lines,  the  belt  of  dunes  between  Gary  and  Michi- 
gan  City,  and  the  stream  trenching  at  the  onter  and  higher  part  of  tin 
lacustrine  plain,  the  region  is  fairly  featureless.  The  Calumet  River  flows 
sluggishly  over  the  flat  plain  in  a  shallow  channd  which  resembles  a  canal. 
The  altitude  of  the  general  plain  is  hdow  640  feat.  Lake  Michigan  has  an 
altitude  of  681  feet. 

rfc^  V((//K/rrii.so  Mnraitu-  Siction.  The  Valparaiso  Moraine*  is  a  massive 
moraine  curving  about  the  head  of  Lake  Michigan.    It  receives  its  name  from 

••In  the  followinic  rvtcrcncm  tlx'  full  details  of  the  Calumet  lacuKlrine  rcinon  are  taken  up: 
Levtrett,  PleiitiH-ene  Keaturcs  of  the  t'hienjco  Aren:  Bull.  Geol.  an<l  Nat.  History,  Chic.  Aoad. 
SekBMi,  Nob  2,  1897,  pp.  MS:  Th«  PleUtooene  of  Indiana  and  MiclitKant  U.  8.  Geol.  8«rv., 
HoMSr.  CS,  191S,  pp.  SB«46T.  AUn,  The  Chiraco  Fbllo  M«.  81.  U.  8.  Geol.  Snrv..  ISM,  pp.  1 
nd  7-U.  Blatehlry.  GeoloKy  of  LaIm  and  Forter  GoimtiM.  Indlaiw;  ttnd  Aan.  .ItepL.  lad. 
Ceol,  Surv.  for  1897.  |ir>.  25-104.  . 

■' Thv  CnlunH't  iHcustiine  Nc-cti<.n  is  exactly  vquimlCBt  to  tlw  "CUoaCO  Plain"  Of  Aldan. 
See  ChioM^.  Folio  No.  SI.  U.  S.  (ieol.  Surv.,  I9«2. 

**  See.  TolcMon  topoKraphic  iih«-et.  U.  S.  Geol.  Surv..  litOO. 

"  UlatehU  y,  Geoioicy  of  Lake  and  Porter  Counties.  Indiana:  22nd  Ann.  Rept.,  Ind.  <jcol. 
Snrv.  tor  1897.  pp.  29-41.  .-tMrn.  Chicaao  Van  TSo.  81,  U.  8.  OcoL  Snrv.,  1918,  p.  tS. 
fibrrrtt.  The  Ounea  at  Nortiiwntern  ladiaaa:  41ak  Ann.  Ikpt.,  Ind.  GcoL  Snrv.  far  1918, 
pp.'  11^.  •    >'  ■ 

*£>everrU,  Plrixtorrne  Features  nf  th<-  Chicaeo  Area:  Bull.  Gcol.  nsd  Nnt.  HiKtory.  Chie^ 
Acad.  Science.  No.  2.  IR!)T  :  The  Plei^tiHi  ne  uf  Indiana  and  MiChlBan:  U.  S.  Geol.  Surv.. 
Monoifr.       nn^.  |.|>.  niairU.y.  c.-olotry  of  I^teand  Porter  CMntica.  Indinnnt  88nd 

Ann.  RepU,  Ind.  Gcol.  Surv.  for  IS'Jl,  pp.  43(-SS. 
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Valparaiso  in  Porter  County,  in  the  vicinity  of  which  its  knoll  and  sag  type 
of  topography  is  well  represented.  The  Valparaiso  moraine  is  the  divide  be- 
tween the  St.  Lawrence  and  Mississippi  basins  in  the  northwestern  part  of 
the  state.  Its  inner  margin  at  the  Illinois-Indiana  line  is  about  15  miles  from 
Lake  Midiigan  and  at  the  Indiana-Michigan  line  it  is  only  2  miles  distant  It 
covers  an  area  of  approximately  TiOO  square  miles  in  Indiana.  It  is  much 
broader  and  lower  westward  from  Valparaiso.  The  westward  portion  is  from 
12  to  15  miles  broad  and  its  highefrt  Imolls  in  Lake  County  attain  an  altitude 
of  about  750  feet.  This  portion  is  composoH  of  three  morainic.  riHprs  which 
nearly  run  together,  leaving  little  or  no  level  till  plain  between  tbem.  Few  of 
the  knolls  rise  more  than  20  or  80  feet  above  the  nearby  sags.  Northeast  from 
Valparaiso  the  moraine  has  an  average  width  of  8  miles  and  its  hi^^hest  knoll, 
which  is  in  Laporte  County,  reaches  an  altitude  of  885  feet.  Its  outer  or 
southern  margin  is  but  little  above  the  massive  ontwash  plain  which  flanks 
it  on  the  south.  But  on  the  inner  margfin  it  rises  abruptly  above  the  Calumet 
lacustrine  plain,  and  within  2  miles  has  risen  150  feet  Its  highest  knolls  are 
approximately  300  feet  above  the  isurface  of  Lake  Michigan  and  approxi* 
mately  10  miles  distant.  Its  basins  contain  a  number  of  small  lakes.  Hudson 
Lake  in  northeastern  Laporte  County  and  Cedar  Lake  in  middle  I.,iike  County 
cover  more  than  a  s.iuare  mile  each,  and  are  the  largest  lakes  on  the  Indiana 
portion  of  the  moraine.  Both  of  these  lakes  are  very  shallow. 

The  Kankaket  Lacu^ttrinc  Sectioyi.  The  name  Kankakee  lacustrine  section 
is  applied  to  *  great  system  of  sandy  lacustrine  plains,  outwash  plains,  valley 
tntins»  and  local  endosed  till  plains  associated  with  a  great  line  of  glacial 
drainage  and  ponding  along  the  St.  Joseph,  Kankakee,  Tippecanoe,  and 
Iroquois  rivers,  embracing  portions  of  southwestern  Michigan,  northwestern 
Indiana  and  a  smaller  portion  of  northeastern  Illinois.  The  .action  is  bounded 
on  the  west  and  north  by  the  Valparaiso  moraine  in  Indiana.  The  southern 
boundary  in  southern  Newton,  southern  Jasper,  and  middle  White  counties  has 
been  already  described  in  connection  with  the  northern  boundary  of  the  Tipton 
till  plain.  The  eastern  boundary  extends  northward  from  the  Wabash  River 
in  western  Cass  County  along  the  morainal  country  to  near  South  Bend;  thence 
eastward  south  of  the  St.  Joiseph  River  to  northeastern  Elkhart  County.  The 
gravel  plains  continue  up  the  Pigeon  and  Elldiart  rivers  and  may  be  consid- 
ered either  as  extensions  of  the  Kankakee  section  or  a.';  local  plain  areas  in 
the  generally  morainic  country  into  which  they  extend.  In  Fulton  County  the 
Tippecanoe  River  and  its  tributary  Mud  Cieek  are  bordered  by  wide  marshy 
tracts  which  arc  apparently  lacustrine  in  origin,  and  are  therefore  included  in 
the  Kankakee  lacustrine  section. 

The  section  may  be  further  divided  into  smaller  units.  The  largest  and 
most  characteristic  portion  is  the  area  adjacent  the  Kankakee  River  extending 
from  near  South  Bend  southwestward  into  Illinois,  with  a  width  of  15  or  20 
miles.  It  comprises  the  Kankakee  marsh"  and  adjacent  sund  and  gravel 
plains.  The  second  most  prominent  division  occurs  along  the  Tippecanoe  River 
from  near  Rochci^ter  in  Fulton  County  to  near  Ora  in  southeastern  Starke 
County,  and  thence  southward  as  a  great  imperceptible  sag  to  Monticello,  and 
west  through  northwestern  White,  southern  Jasper,  and  southern  Newton 
counties,  comprising  the  areas  drained  by  Honon  Credt  and  Iroquois  River. 

»  Blatrhley.  n<H.)l<>^'y  of  Lskc  and  PofUT  CouAtiM,  lultam:   ttni  Aim.  Kept,,  lad.  GmL 

8urv.  for  1887.  pp.  66-6£. 
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This  Tippecanoe-Iroquois  plain  merges  with  that  of  the  Kankakee  near  th« 
line  between  Starke  and  Puiu^ki  counties.  These  two  divisions  are  separated 
in  Jasper  and  Newton  counties  by  u  third  division  which  is  in  no  way  chur- 
ncteriHtic  of  the  rpcrion  n<  a  whole.  The  M.irspilles  moraine  pasi^e-s  from  Illi- 
nois through  middle  Newton  and  Jasper  counties,  just  to  the  north  of  Rens- 
Mlaer  and  thenee  northwest  to  northwestern  Pulasld  County  where  it  dies  out 
in  the  mid.st  of  the  lacustrine  sand  plain..  This  narrow  moraine  with  its 
hummocky  topography  is  quite  in  contrast  with  the  Kankakee  and  Iroquois 
plains  to  the  north  and  soutii  respectively.  The  fourth  division  of  the  Kanka- 
kee lacustrine  .section  is  only  partly  rcpro.scntrd  in  Indiana.  It  is  tho  prrat 
gfravel  plain  of  the  St.  Joseph,  Kalamazoo,  and  Dowagiac  rivers  which  com- 
prises a  large  area  in  southwestern  Michigan  and  laps  over  somewhat  into 
Indiana.  It  stretches  ea.stward  from  South  Bend  along  the  St.  Joseph  and 
Pigeon  rivers.  This  great  gravel  plain  was  the  course  of  glacial  drainage 
which  passed  near  the  present  site  of  South  Bend  and  into  the  ponded  drain- 
age of  the  Kankakee  area.  •  It  sloj)es  toward  the  great  sag^  between  the  prsik 
ent  head  of  the  Kankakee  River  and  the  St.  Joseph  at  South  Bend,  and  is  con- 
tinuous with  the  Kankakee  plain,  though  its  slope  is  somewhat  greater. 

The  greater  part  of  the  Kankakee  lacustrine  seetitni  is  characterized  by 
a  thin  deposit  of  somewhat  ridded  sand.  Dunes  are  common.  This  .<5and  was 
probably  deposited  in  ponded  or  laked  waters,  and  takes  the  place  of  the  more 
oonunonly  deposited  ^  so  diaraeteristic  of  lake  plains.  It  was  probably 
derived  from  the  i^lacial  drainapc  over  areas  assoriatod  with  the  OUtwash 
plains  and  valley  trains,  chief  of  which  must  have  been  the  drainage  leading 
down  the  glacial  St  Joseph  Valley.  The  general  altitude  of  the  sand  plains  of 
the  Kankakee  lacustrine  section  is  very  well  shown  on  the  topographic  map. 
The  gravel  plains  of  the  St.  Joseph  River  area;  the  outwash  gravel  plain 
stretddng  southeast  in  St.  Joseph  County  from  the  outer  margin  of  the  Val- 
paraiso moraine;  the  Marseilles  moraine  and  a  broad  area  lyinff  between  the 
Kankakee  and  Tippecanoe  rivers  and  a  broad  strip  flanking  the  morainal  coun- 
try at  the  eastern  margin  of  the  section,  rise  above  the  TOO-foot  contour  line. 
The  great  area  of  the  Kankakee  marsh,  the  great  .-^ag  occupied  by  the  Tippe- 
canoe River,  and  the  large  area  drained  by  Monon  Creek  and  Irot.uois  River, 
lie  at  an  altitude  mainly  between  650  feet  and  700  feet  above  sea  level.  In 
general  the  slope  is  to  the  southwest,  except  for  the  sag  along  the  Tippeeanoe 
River  north  of  Montioello. 

"The  greater  part  of  the  sand-covered  area  has  a  nearly  plane  surface. 
The  Kankakee  marsh,  with  an  area  d  neariy  1,000  sqiuare  miles,  is  very  ilat, 
while  the  portinn  north  of  the  marsh  has  scarcely  any  ridges  worthy  of  note. 
In  southeastern  Pulaski  and  northern  White  counties,  Indiana,  the  surface  is 
mainly  levd  and  level  tracts  are  quite  extensive  in  sontiiem  Jasper  County. 
In  Illinois  the  surface  is  mainly  plane,  except  on  the  outer  face  of  the  Iroquois 
[Marseilles]  moraine  and  in  a  belt  a  few  miles  wide  which  follows  the  south 
border  of  the  Kankakee  River,  in  both  of  which  places  there  are  ridges  and 
dunes  of  .some  prominence. 

"The  ridged  portions  of  the  sand  in  Indiana  occupy  southeastern  Starke, 
much  of  Pulaski,  and  the  central  portions  of  Jasper  and  Kewton  counties, 
all  of  which  lie  southeast  of  the  Kankakee  marsh,  as  well  as  a  narrow  strip 
on  the  east  and  south  bonl^ers  of  the  sand  area  in  Fulton,  Cass,  White,  and 

"MoatsMMnr.  The  Xanlwkee  VsUcy:  Prac  Ind.  Ami,  Set.  tor  USB.  pp.  S7T-tS2. 
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Jasper  counties.  There  are  also  scattering  ridges  in  the  midst  of  the  level 
portions  of  the  sand  area  in  that  state. 

"Thf  most  prominent  ridRos  aro  '!•">  or  40  feet  in  height,  but  the  majority 
are  less  than  20  feet,  and  many  are  only  5  or  10  feet.  The  individual  ridges 
vary  in  breadth  frmn  50  fert  or  less  up  to  nearly  one-«ighfh  roile»  but  uc 
usually  about  200  to  300  feet  Among  the  ridges  even  where  moet  promi- 
nent, there  are  narrow  strips  with  nearly  plane  surfaces. 

"The  prevailing  trend  of  the  ridges  is  usually  easy  to  determine,  though 
in  places  the  ridges  wind  about  and  interlock,  forming  an  intricate  network. 
Those  on  the  east  twrder,  in  Pulaski  County,  Indiana,  show  a  tondrncy  to  a 
north-south  trend,  while  those  on  the  south  border  in  Cass,  White,  and  Jasper 
counties,  trend  nearly  east  to  west  Those  on  the  south  border  of  the  Kanka- 
kee trend  about  with  the  course  of  the  stream,  south  of  west  in  the  Indiana 
portion  and  north  of  west  in  the  Illinois  portion.  Between  the  ridges  border- 
iniT  th«  Kankakee  in  Indiana,  and  thoee  on  the  south  and  east  borders  of  the 
sand  area,  the  tu  nd  is  not  so  easily  systematized.  The  ridpes  there  arc  ar- 
ranged in  groups  or  strips,  among  which  there  are  extensive  plane  tracts,  often 
boulder  strewn,  and  having  cmly  a  thin  sand  coattng."** 

Flankinp:  the  outer  margin  of  the  Valparaiso  moraine  in  tniddle  eastern 
Porter  County,  and  extending  northwest  through  Laporte  County  into  Michi- 
fran,  is  a  great  outwash  apron  whieh  has  an  altitude  of  776  to  800  feet  at  the 
margin  of  the  moraine.  It  slopes  southeast  for  8  or  10  miles  to  the  ed^e  of 
the  Kankakee  marsh  where  it  has  an  elevation  of  about  700  feet.  This  out- 
wash  apron  constitutes  an  extensive  gravel  plain  made  by  the  drainage  from 
the  ice  during  the  dcpo.sition  of  the  Kalamazoo  moraine.  In  places  it  is  pitted. 
The  drainaRe  from  the  Valparaiso  moraine  passed  throiiph  the  broa(i  valleys  of 
Crooked  and  Mill  creeks  chiefly.  These  valleys  are  somewhat  trenched  below 
the  gravel  plain. 

The  Marseilles"  moraine  in  Indiana  has  a  "lonjr  frradual  slope  on  its 
north  or  iceward  side,  and  a  rather  abrupt  descent  on  its  south  or  landward 
side.  The  rise  from  the  plain  to  the  crest  of  the  moraine  on  the  north  amounts 
to  20  to  40  feet  in  about  2  miles  antl  on  the  south  to  30  to  nO  feet  in  less 
than  1  mile."  The  moraine  dies  out  in  the  midst  of  the  sandy  plain  in  north- 
western Pulaski  County.  It  is  highest  and  best  devdoped  north  of  Rensselaer 
where  its  hitrhost  knolls  attain  an  altitude  of  80  or  100  feet  above  the  sand 
plain.  But  much  of  the  moraine  lies  between  700  and  725  leet  above  sea  level. 
The  surface  of  the  ridge  carries  low  knolls  and  ridges  among  whidi  doughs 
and  .shallow  basins  are  enclosed." 

Thf  Steitbt  n  Muraitutl  Lake  Section.  The  Steuben  morainal  lake  section 
receives  its  name  as  a  section  from  Steuben  County,  Indiana,  where  the 
moraines  of  both  the  Sapnnaw  and  Ki  i<  ice-lobes  are  well  represented,  and 
among  which  numerous  lakes  alwund.  The  section  includes  the  moraines  made 
by  the  dilTerentiated  Saginaw  ice-lobe  and  those  made  by  the  north  limb  of  the 
differentiated  Erie  ice-k>be  north  of  the  Wabash  River.  These  ioe-lobes  were 
somewhat  crowded  together  in  an  area  extending  from  near  Lopansport  on 
the  Wabash  Rivei  .  northeast  into  Michigan  near  the  northeast  corner  of  the 

"Lcvcrett,  U.  S,  (;<-..|.  Suiv..  Miinosr.  3*.  1899,  pP-  For  further  iiitircxlinji  details 

i>f  the  riKiim  s<<-  l.<r,,,i<,   V.  S.  ficxl.  SlUTV.,  Monoirr.  5n.   191.';,  pp.  12S-lSn :  McHrtk.  The 
Tippecanoe,  An  Infantile  Drainajce  System:    Proc  Ind.  Acad.  ScJ.  for  1909.  pp.  341-S4S; 
Barrett,  Dunct  of  MorthwMUrn  Indtenat  41tt  Ann.  Rvpt.  ImL  GeoL  Snrv.  for         pp.  lUVT. 
U.  8.  OeoL  Surv.,  MoBocr.  H.  1916,  pp.  It6.128. 
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state.  This  crowdinp  of  the  icc-lobos  resultrd  in  p:rrat  massinj?  of  moral Tial 
material  on  this  area,  and  particular  in  Kosciuisko,  Whitley,  Nobl6t  Dekalb, 
La^nge,  and  Steuben  coantlcs.  ChamberHn*  has  defined  sudi  a  morainal 
accumulation  an  interlobntv  niontinf,  a  deaiKnation  very  appropriate  for  the 
crowded  assemblage  of  moraines  between  the  positions  of  the  two  ice-lobes. 
He  regards  the  eaatun  linnb  of  the  outer  Saginaw  morainie  loop  and  the  north- 
em  limb  of  the  Manmee  or  Erie  moraine  "as  a  joint  intermediate  [interlobate] 
moraine."  Dryer**  definitely  calls  the  moiainir  mass  the  Satrinaw-Erie  inter- 
lobaUt  moraine.  "This  interlobate  moraine,"  says  Dryer,"  "is  the  joint  product 
of  the  glacial  ice  which  passed  from  Saginaw  Bay  southweetward  aeroM  Miehi- 
pan  and  northern  Indiana,  and  another  lobe  which  entered  Indiana  from  Lake 
Erie  and  covered  nearly  the  whole  state  south  of  the  Wabash  Kiver."  This 
morainie  mass  is  hero  i^yen  the  name  Paekerton  moraine,  from  the  viUage  of 
Packerton  in  southern  Kosciusko  County.  Aside  from  this  dominating  inter- 
lobate morainal  mass  extending  from  near  Logansport  northeast  through  the 
state,  several  distinct  moraines  of  both  the  Erie  and  Saginaw  iee>lobes  are 
prominent.  The  Maxinkuckec  moraine  extending  northward  from  the  Wabash 
River  some  10  miles  west  of  Logansport  to  the  state  line  north  of  South  Bend, 
marks  the  western  limit  of  the  Steuben  morainal  lake  section.  Several  small 
moraines  extend  nearly  at  right  angles  between  the  broad  Maxinkuclcee  moraine 
and  the  interlobate  morainal  ma.sa.  These  smaller  moraines  mark  the  stands  of 
the  Saginaw  ice-lobes  in  its  retreat  northward.  Following  the  names  sug- 
gested by  Leverett,*  the  Bremen,  New  Paris,  Middlsbvry,  Lagrange,  and 
Sturpfis  moraines  are  the  most  prominent.  Other  moraines  belonginfr  to  the 
same  series,  but  not  distinguished  as  such  by  I.ieverett,  are  the  Rochester, 
Bnrket,  and  Topeka  moraines.   These  are  shown  in  position  on  the  gladal 

map,  PL  III.  The  moraines  of  the  Krie  ire-lobe  north  of  the  Wabash  are  the 
Miasissinewa,  Salamonie,  Wabash  and  Ft.  Wayne  moraines  named  in  order 
from  tiie  outer  moraine  inward,  as  represented  in  Indiana.  The  southern 
boundan'  of  the  Steuben  morainal  lake  section  in  Indiana  extends  along  the 
Wabash  Kiver  to  Huntington,  and  thence  up  the  Wabash-Erie  valley  to  Ft. 
Wayne,  and  thence  northeast  at  the  inner  margin  of  the  north  lirab  of  tiie 
Ft  Wayne  moraine  which  is  marked  by  an  old  lake  beach  line. 

Genetically  the  topof^raphic  condition  of  the  Steuben  morainal  lake  sec- 
tion is  the  result  of  the  Say^inaw  and  Erie  ice-lobe.s  and  the  associated  glacio- 
fluviatile  features.  This  condition  can  be  described  more  understandingly  by 
takinp  the  moraines  produced  by  each  of  the  ice-lobes  in  order  of  their  age. 
Accordingly  the  moraines  of  the  Saginaw  ice-lobe  will  be  discussed  first,  be- 
i^nning  vrttk  tlie  cmter  moraine. 

From  the  standpoint  of  the  topofrraphic  features  of  the  surface,  the  ice- 
lobes  of  the  Wisconsin  glacier  grave  rise  to  a  scries  of  curving  terminal 
moraines  concentric  with  the  margin  of  the  ice  where  the  successive  series  of 
halts  were  made  during'  the  wanin>:  j)eriod  of  the  last  glacial  stape.  The 
Sagfinaw  ice-lobe  as  differentiated  from  the  Erie  on  the  east  and  the  Lake 

oChmnibcfliB.  PrcHmiMrr  Pmpct  on  the  TemliwI  Mormlne  of  tlie  Second  Glacial  Kpoch: 
U.  8.  Ocol.  Sttrv..  Third  Ana.  Kept..  ISBS-M,  pp.  SOl-t  ami  3S0. 

**  Dryer.  GealoB7  of  WhlUcjr  Cmmtj,  Indiana:  Ind.  Dept.  of  Ccol.  and  Mnt.  RoHmmc  fat 

1891.  p.  16S. 

*'  Dryi  r.  (ii-oN.K'V  of  Noble  County:  Ind.  Dept.  of  Geol.  »n<)  NiiU  RcaOUTCM  for  litt,  PflC*  18. 

oLercrett,  The  Pleiatoeenc  of  Indinnn  and  Miehignn:  U.  8.  GeoL  8arv«  Monosr.  M,  ISU. 
pp.  ISMTt. 
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Michigan  on  the  west  first  became  marked  when  the  ice  had  receded  to  the 
vicinity  west  of  Logansport  in  western  Cass  County.  From  this  vicinity  north- 
ward extends  the  Maxinkuckee  moraine.  The  moraine  is  rather  weak  through 
western  Ciiss  and  western  Fulton  counties.  For  the  most  part  the  boulder 
till  seems  to  be  of  ground  moraine  origin  with  only  a  slightly  undulating 
topOKraphy.  but  a  weak  terminal  moraine  some  2  miles  wide  with  Icnolls  seldom 
more  than  2r>  feet  in  height  and  an  iil^itude  ranging  from  ?()()  to  Son  fi  ot  has 
been  defined  south  of  the  Tippecanoe  liivcr.  North  of  the  Tippicanoe  River 
to  the  vidnity  of  South  Bend  occurs  a  belt  of  niieveii>surfaoecl  drift  5  to  15 
miles  wide,  and  attaining  in  its  high.  sf  knolls  an  altitude  of  nearly  900  feet. 
This  is  the  Maxinkuckee  moraine.  The  moraine  at  it.s  outer  margin  adjacent 
to  the  Kankakee  plain  is  prominent,  but  its  inner  border  ia  rather  indistinguish- 
able from  the  gently  undulating  drift  that  -tmds  nearly  as  high  a.-^  the 
moraine  itself.  For  some  distance  south  of  ;South  Bend  the  knolls  arc  promi- 
nent, rising  abruptly  50  or  60  feet  above  their  bases.  Slou^s  and  enclosed 
basins  are  numerous,  and  lakes  are  plentiful.  Lake  Maxinkuckee  in  south- 
western Marshall  County  is  the  largest  lake,  having  an  area  of  approximately 
8  square  miles  and  a  maximum  depth  of  89  feet.  The  outwash  at  the  outer 
border  is  cmspieuovs  in  places  and  extends  up  the  Ydlow  and  Tippecanoe 
rivers. 

Northea.st  from  the  apex  ol  the  diircrentiatcd  Saginaw  outer  moraine  in 
western  Cass  County  extends  a  great  morainic  mass  which  was  referred  to 
above  as  an  interlobate  moraiiial  mass  between  the  Saginaw  and  Eric  lobes. 
It  is  likely  that  much  if  not  most  of  this  moraine  was  made  by  the  Saginaw 
lobe,  but  it  may  subsequently  have  been  partly  moved  or  over-ridden  by  the 
Erie  ice-lobe  which  very  probably  ptr-^i>tcd  longer  than  the  Saginaw  ice-lohr. 
Leverett*  regards  this  moraine  us  largely  the  result  of  the  Eric  ice-lobe. 
Dryer**  regarded  it  as  the  product  of  the  Saginaw  ice-lobe.  The  writer  is 
inclined  to  favor  the  view  of  Dryer.  The  moraine,  ht  -.  o  designated  the  Pack- 
erton  moraine,  may  be  logically  regarded  as  the  east  limb  of  the  Maxinkuckee 
moraine.  It  is  no  more  massive  than  should  be  expef^ted,  considering  the 
crowding  of  this  ice-lube  the  north  limb  of  the  Erie  ice-lobe.  Further  it 
is  not  likely  that  tht  western  margin  of  the  Saginaw  ice-lobe  would  give  ri.se 
to  a  moraine  as  prominent  as  the  Maxinkuckee  moraine  and  have  no  similar 
correlative  on  its  eastern  limb,  a  feature  not  ftllly  considered  by  Leverett. 
Northeastward  from  near  .Mbion  in  Noble  County,  the  Mississinewa  moraine 
of  the  Erie  ice-lobe  laps  upon  and  over  this  moraine,  giving  rise  to  altitudes  of 
nearly  1,200  feet  in  Steuben  County,  on  the  highest  knolls  of  the  moraine.  It 
is  likely  that  the  Snginnw  outer  m<niiire  north  of  .Mbion  was  feeble,  in  keeping 
with  it:;  condition  north  of  South  Bend  on  itii  western  limb. 

Leverett**  in  discussing  the  topography  of  this  morainic  mass  calls  atten- 
tion to  the  altitudes  as  "l)eIow  700  feet  near  Delphi,  but  reach  77.")  feet  north 
Logansport,  800  feet  in  northeastern  Cass  County,  i)00  feet  in  southeastern 
Fulton  County,  1,000  feet  in  eastern  Noble  County,  and  1,100  to  1,150  feet  on 
the  highest  points  in  northern  Steuben  County. 

"From  data  furnished  by  deep  borings  it  appears  that  the  altitude  of 
the  bed-rock  surface  does  not  rise  to  the  northeast,  but  is  remarkably  uniform 

**LevcT«tt.  The  Pleiatoeene  of  Indtann  aiMl  Miebismn:  U.  S.  Gcol.  Surv.,  Monoirr.  SS.  191B. 
pp.  1S8-I60. 

I*  Dryer,  The  Gvahnar  of  Noble  County:  IikI.  l>ii>i.  «(  (Uh'I.  aii<l  Nut.  Kc-^..  1803.  pp.  22-28. 
**  Leverett.  V.  S.  Gcol.  Snrv..  Moawcr.  SS.  1S16.  pp.  IsmiSO. 
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at  about  60U  feet  above  sea  level  all  along  the  morainic  belt  in  northeastern 
Indiana.   A  few  miles  north  of  the  state  line,  however,  in  Hillsdale  County, 

?.T'ch.,  brd-irrk  rites  very  rapidly  ari'l  attains  an  altitude  of  over  1,100  feet. 
The  great  drift  accumulations  in  northeast  Indiana  are  laid  down,  as  it  were, 
in  the  lee  of  the  prominent  table-land  of  sandstone  of  the  Harshall  formation 
that  has  its  southern  terminus  in  Hillsdale  County,  Mich. 

"In  Whitley,  Kosciusko,  Fulton,  Wabash,  Miami,  and  Cass  counties  the 
moraines  form  the  divide  between  Tippecnnoe  and  Eel  rivers,  both  of  which 
ere  tributary  to  the  Waba.><h.  North  of  the  bead  of  the  Tippecanoe  the  sev- 
rral  headwaters  of  Elkhart  Kiver  find  their  source  in  these  moraines  and  lead 
roithwcstward  to  St.  Jo^^cph  River  and  thence  to  Lake  Michigan,  The  oppo- 
.':ite  or  louthea^tern  slope  of  the  moraines  is  drained  by  the  tributaries  of  the 
St.  Joseph  (of  the  Maumoo),  which  bclonns  to  the  Lakf  Eri(>  drainajre.  In 
Steuben  County  tlieie  moraines  are  traversed  from  west  to  east  by  three  small 
!«treams,  Turkey  Creek,  Pigeon  River,  and  Crooked  Creek,  which  have  their 
sourc?;  ncai'  the  eastern  border  on  much  lower  land  than  the  main  crest 
of  the  moraine.  Their  discharge  i.v  into  St.  Joseph  River  and  thence  to  Lake 
Michigan. 

"Ill  most  places  the  drainace  divide  is  at  the  cre^t  of  the  main  moraine, 
most  of  which  is  higher  than  the  general  level  of  the  western  edge,  though 
some  prominent  points  alon?  the  western  edge  are  as  high  as  the  main  crest. 
The  relief  of  the  m;.in  c:c-t  above  the  outer  border  district  is  generally  be- 
tween 50  and  75  feet  and  above  the  plain  on  the  inner  or  eastern  border  100 
to  150  feet,  the  country  to  the  southeast  being  lower  than  to  the  northwest. 

"The  ttp^prrphy  of  the  southwestern  portion  of  this  series  of  moraines 
in  Cass.  County  and  northern  Miami  County,  Ind.,  is  of  a  swell  and  sag  type 
in  which  there  are  few  basins.  The  swells  are  10  to  40  feet  in  height  and  are 
closely  aggi-egate<l,  giving  the  moraines  a  strong  expression  Compared  with  the 
nearly  plane  district  to  the  northwest.  Lake  basins  become  conspicuous  in 
tioutheasteiti  Fulton  and  northwestern  Wabash  counties  and  continue  numerous 
all  along  the  morainal  belt  to  the  northwest.  They  are  much  more  prominent 
on  the  north'./estern  .  .  .  slope  than  on  the  southeastern  .  .  .  slope 
and  arc  especially  numerous  where  moraines  of  the  Saginaw  lobe  connect  these 
moraines.  The  largest  lakes  exceed  a  square  mile  in  area,  and  one,  James 
Lake,  has  an  area  of  2.6  sfuare  miles;  the  majority,  however,  cover  but  a 
small  fraction  of  a  8:]uarc  mile  and  some  occupy  but  a  few  acres.  Many  of 
them  have  depths  ISO  to  75  feet  or  more  below  the  level  of  the  outlets  and  more 
than  100  feet  below  the  surrounding  paits  of  the  moraine.  James  Lake,  with 
a  reported  depth  of  87  feet,  has  on  its  eastern  border  hills  that  rise  more  than 
100  feet  above  the  water  surface,  thus  giving  the  basin  a  depth  of  about  200 
feet  below  the  neighboring  hills.  The  hiirhest  knolls  along  the  moraine  are 
probably  those  in  northern  Steuben  County,  which  rise  more  than  100  feet 
above  borderinfr  sags.  Knolls  50  to  60  feet  in  height  are  found  at  short  inter- 
vals as  far  southwi  a  ^  northern  Wabash  County,  but  most  knolls  are  only 
20  to  40  feet  high  and  many  of  them  rise  less  than  20  feet  above  the  border- 
ing sags.  .  .  .  Marshes  and  nearly  plain  tracts  are  much  less  eonraum  on 
the  inner  [eastern]  slope  than  on  the  outer  [western].  In  places  on  the  outer 
[western]  slope  shuip  ridges  known  as  'hogbacks,'  some  of  which  are  to  be 
classed  as  eskers,  are  not  uncommon;  they  are,  however,  very  short,  none  ex- 
ceeding a  mile  in  length  having  been  observed.   They  commonly  form  tbe 
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borders  of  the  lake  basins;  one  lake  in  Steuben  County  has  received  the  name 
'Hogback  Lake'  because  of  its  close  association  with  ono  of  these  ridges. 

"On  the  outer  [western]  slope  of  the  moraine  deep  indentations  show  where 
the  Hnes  of  glacial  drainage  lead  away  f  ram  the  moraine.  In  Steuben  County 
these  ^jlacial  channels  have  their  heads  on  the  inner  [eastern]  border  of  the 
moraine  and  thus  completely  traverse  the  moraine.  One  of  them  is  occupied 
by  Turkey  Creek,  another  by  Pigeon  River,  and  a  third  by  Concord  Creek 
and  a  string  of  lakes  tributary  to  Crooked  Creek." 

T>ryer'"  in  discussing  the  topographic  condition  of  the  intorlohato  morainal 
mass  in  Noble  County  emphasizes  the  action  of  glacio-tiuviulile  waters  on  the 
Saginaw  morainic  drift.  "Much  of  this  diversity,"  he  says,  "and  irregularity 
is  due  to  the  fact  already  alluded  to,  that  durint'  the  period  of  glacial  retreat 
and  rapid  melting  of  ice,  vast  volumes  of  water  escaped  over  the  crest  of  the 
outer  moraine,  and  flowing  aeroas  the  face  of  this  country,  cut  and  gashed  it 
into  irrcR^ilar  gorges,  leavinL"^  <  (iri cspondinir  ridges  between.  The  greater  part 
of  the  material  left  by  the  Saginaw  glacier  has  been  waiihed  away  or  re 
distributed  to  sudi  an  extent  as  to  leave  few  of  the  original  features  reeog^ 
nisable.  Scattered  patches  of  hills  and  the  more  prominent  ridges  are  prob- 
ably all  that  escaped  the  action  of  the  flood  of  water.  The  valleys  them- 
selves, originally  cut  to  a  depth  of  one  hundred  feet  below  their  present  bot- 
tom levels,  have  since  been  filled  up  with  silt  and  vegetable  growth,  forming 
large  areas  of  marsh  and  much  meadow,  with  frequent  pools  of  open  water. 
The  area  of  marsh  land  has  been  estimated  to  comprise  ten  or  fifteen  per  cent 
of  the  whole  county,  and  in  some  townships  it  must  be  nearly  fifty  per  cent" 

Several  broken  moraines  cross  the  inner  space  between  the  western  limb 
of  the  Maxinkuckee  moraine  to  its  eastern  correlative,  the  Packerton  moraine, 
and  the  over-topping  Mississinewa  moraine^  From  aoufliwest  to  the  nortii- 
east  I^verett  has  named  these  moraines  the  Bremen,  New  Paria*  Middlebury, 
Lagrange,  and  Sturgis  moraines.  The  Bremen  moraine  extends  from  the  Max- 
inkuckee moraine  near  Lakeville  in  southern  St.  Joseph  County  southeast  past 
Bremen  to  near  Wai-saw  where  it  conructs  with  the  eastern  limb  of  the  Maxin- 
knckee  moraine.  This  moraine  is  broken  by  a  number  of  gaps.  It  is  low  as  a 
morainic  mass  and  the  knolls  rise  10  to  20  feet  above  their  bases.  The  New 
Paris  moraine,  name<l  from  the  town  of  New  Paris  in  southern  EHkhart  County, 
arises  south  of  the  SL  Joseph  River  southeast  of  Elkhart  as  a  broad  undulating 
mass  of  drift  and  passes  soutiieast  through  northeastern  Kosciusko  County  to 
the  east  limb  of  the  Maxinkuckee  moraine  in  the  southwestern  Noble  County. 
Dryer  has  called  this  moraine  the  Turkey  Creek  moraine  from  Turkey  Creek 
which  flows  parallel  with  it  just  to  the  north.  The  moraine  rise.s  only  slightly 
above  the  outer  margin.  "It  has  low  swells  with  gentle  slopes,  a  common 
height  being  20  feet,  though  more  fall  below  than  exceed  that  heij^ht.  .Some 
knolls  north  of  Boydstown  Lake  are  30  to  40  teet  high  and  have  steep  slopes. 
*Waybright  hill,'  a  conspicuous  irregular-shaped  mass  of  drift  about  2^  miles 
south  of  New  Paris,  is  by  far  the  most  prominent  feature  of  the  moraine; 
it  reaches  an  altitude  (barometric)  of  1,02.'>  feet,  or  about  215  feet  above  New 
Paris  station.  .  .  .  The  remainder  of  the  moraine  in  Elkhart  County,  ex- 
cept perhaps  a  few  knolls  3  to  4  miles  southwest  of  Goshen,  is  below  the  000- 
foot  contour,  and  the  part  in  Kosciusko  County  reaches  !)00  feet  only  at  the 
extreme  eastern  edge  of  the  county.  Tht  portion  in  Noble  County  rises  a  little 
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above  900  feet,  with  a  few  points  near  Uifrh  Lake  that  approach  1,000  feet.'"' 
A  number  of  lakes  are  alonpr  or  near  the  New  Paris  moraine.  Turkey  I.uke 
with  an  area  of  5.66  stjuare  miles  lies  just  to  the  north  of  it  in  norlhea.stern 
Koaeiusko  Cktunty.  Tippecanoe,  Boydstown,  Little  Eajrle,  Bear*  High,  Rid- 
inper,  Dwart,  and  Milford  are  the  principal  lukes.  Tippecanoe  Lake  with 
a  depth  of  121  feet  is  reported  to  be  the  deepest  lake  in  Indiana. 

The  Middlelniiy  moraine,  named  by  Leverett  from  the  town  of  Hiddle> 
bury  in  northea.'^tcrn  Elkhart  County,  is  about  20  mile;  lonp  and  extends  from 
the  St.  Joseph  River  near  Bristol  in  northern  Elkhart  County  southeast  into 
western  Latrrange  County.  The  relief  of  the  southern  border  ranses  from  10 
to  120  feet.  A  prominent  jxiint  .'^outh  of  Bri.stol  rises  over  1,000  feet  above 
sea  level,  and  more  than  200  feet  above  the  St.  Jo.seph  Valley  to  the  north- 
west This  portion  of  the  nnnmine  has  many  sharp  knolls,  a  few  of  them  75 
to  100  feet  high. 

The  La^rran^p  moraine,  named  from  Lagrrani^  in  central  Lafp'ange 
County,  extends  from  the  state  line  in  northeastern  Elkhart  County  southeast 
to  a  short  distance  east  of  LaKran^c,  where  a  pronfc  turns  southward  and 
joins  thf  Mis.si.ssinewa  moraine  a  short  distance  southeast  of  Wolcottvillo  in 
northeastern  Noble  County.  South  of  Lagrange  another  prong  of  the  moraine 
or  probably  a  portion  of  an  older  moraine  extmds  southwest  to  Bilduurt  River 
near  I.itronicr,  and  after  a  turn  to  the  we.st  is  cut  by  Elkhart  River,  but  is  con- 
tinuous westward  to  near  the  point  where  Solomon  Creek  enters  Elkhart  River 
a  short  distance  east  of  New  Paris.  Leverett  believes  this  moraine  belongs  to 
the  Erie  ice-lobe,  but  it  more  likely  bolonps  to  the  Sapinaw  system  and  is  inter- 
mediate in  age  between  the  New  Paris  and  Middlebury  moraines.  The  La- 
grange moraine  is  continued  to  the  northwest  in  Michigan  beyond  the  St 
Joseph  River.  The  Lagrange  moraine  is  nearly  everjrwhere  more  than  900 
leet  in  altitude,  and  a  point  on  the  county  line  in  extreme  northeastern  Elk- 
hart County  reaches  more  than  1,000  feet  in  altitude.  It  consists  ttt  numerous 
steep-sided  knolls  among  which  are  mardies  and  undulating  tracts.  Several 
notable  lakes  are  associated  with  the  moraine  in  southern  Lagrange  County 
iwrthwest  of  Wolcottville  among  which  are  Oliver,  Witmer,  Dallas,  Clear- 
spring,  and  Adams  lakes.  In  northeastern  Elkhart  and  northwestern  La- 
grange counties  Dryer"  describes  it  as  quite  rugged.  The  region  "displays  a 
tract  of  hills  or  knobs,  about  twenty  square  miles  in  area,  which,  for  tumul- 
tuous TUggedness  and  irregularity,  are  scarcely  surpassed  in  Indiana.  The 
northern  and  eastern  borders  of  the  F'i^eon  River  moraine  [Lagrange]  are 
bold  and  well  defined,  while  its  southern  and  western  borders  display  an  ex- 
tremdy  Irrefrular  apron  or  fringe  where  differentiation  and  delimitatimi  of 
ground  irioraine  from  terminal  prove  elusivt  and  baffling." 

The  Sturgis  moraine  lies  mostly  in  Michigan,  being  barely  represented  in 
Indiana  in  northeastern  Lagrange  County.  This  moraine  is  designated  the 
Fawn  River  moraine  by  Dryer,  and  is  described  as  "about  two  miles  wld^ 
distinct  but  feeble,  except  around  Wall  Lake." 

The  intermorainic  spaces  within  the  area  covered  by  the  Saginaw  ice-lobe 
in  the  northern  tier  of  counties  is  largely  made  up  of  outvvash  and  gravel 
plains.  These  plains  have  been  dcsignateil  as  principally  belonging  to  the 
St.  Joseph  gravel  plain  and  places  as  a  division  of  the  Kankakee  lacu.strine  .sec- 

"  L*vi'rctt.  Thp  riclstorctu'  of  Intlinnji  luiil  Mirhik-nn:  N.  .S.  V.riA.  .^iii  v..  Miin.ii;i.  .'i:!,  1015. 
P.  129. 

"Oiyvr.  Geology  of  LavrHntcc  County:  18lh  Ann.  RkvU,  Ind.  Gcol.  Surv.  for  1893.  p.  79. 
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tion.  Thnmsrh  northeastern  St.  Joseph,  Elkhart,  Lagraniie,  northeastern  Kos- 
ciusko, und  northwc-stcfTi  Nohle  counties  the  cfravd  plains  make  up  probably 
half  of  the  area.  Southward  the  intermorainic  spacen  are  largely  ground 
moraine  vsuaUy  of  an  andulatinir  nature,  though  a  considerable  tract  in  St 
Joseph  and  western  Elkhart  counties  north  of  the  Rrrmen  moraine  is  quite 
flat.  In  the  district  extending  from  the  apex  of  the  differentiated  Saginaw 
ottt»r  moraine  in  western  Cass  County  and  the  Bremen  moraine  "swampy 
basins  or  depressions  are  numerous,  probably  one-fourth  of  the  surface  being 
occupied  by  them.  Most  of  the  dry  land  has  a  wavy  or  gently  undulating  sur- 
face. Most  knolls  are  but  10  ot  12  feet  hi^h  and  few  of  them  vcacli  20  feet. 
The  features  are  such  as  might  i-esult  from  a  rapid  receding  ice  border.  The 
most  prominent  ridpe  noted  is  one  just  west  of  .Atwood,  in  wi  ;  tern  Kosciusko 
County.  It  ri.se.s  about  40  feet  above  the  surrounding;  country,  is  a  mile  in 
length,  and  nearly  one-half  mile  in  width.*^ 

The  second  division  cenetically  of  the  Steuben  moiainal  lake  section  con- 
sists of  the  moraines  constructed  by  the  northern  limb  of  the  Erie  ice-lobe, 
lying  north  of  Maumee- Wabash  waterway,  and  occupying  northern  Wabash, 
Huntinpton,  and  Allen  counties,  pr.ictically  all  of  Whitley.  Dekalb,  and  Steuben 
cwinties,  and  eastern  Noble  and  Lagrange  counties  in  Indiana.  The  northern 
limbs  of  the  Miasissinewa,  Salamonie,  Wabash,  and  Ft.  Wayne  moraines  are 
represented. 

The  Mississinewa  moraine  extending  from  the  Wabash  Kiver  at  Lagro 
northeast  through  northenstem  Wabash,  Whitley,  eastern  Noble  and  western 
and  northern  Steuben  rounties  into  Michigan  with  its  southern  limb  southeast 
anrl  east  from  the  Waba.^li  at  I-apro,  is  the  larjjrst  and  best  defined  moraine 
in  Indiana,  and  is  probably  not  surpassed  in  excellence  of  development  else- 
where. It  is  from  3  to  4  miles  wide  from  Lagro  to  Columbia  City.  North- 
eastward from  Columbia  City  it  i-^  (juite  broad,  attaininjr  widths  varying  from 
5  to  15  miles.  Its  elevation  varies  from  8UU  feet  or  more  at  the  south  to 
about  1,200  feet  in  "Hell's  Point"  in  Steuben  County.  As  a  morainie  mass  it 
is  best  developed  in  Whitley,  Noble,  La^r'an^e,  am!  SttDlnn  counties.  Dryer" 
says  of  it:  "It  is  an  irregular,  variously  undulating  pile  of  clay,  sand,  gravel, 
and  boulders  with  the  coarse  materials  predominating.  Ita  surface  is  150  to 
300  feet  above  the  country  on  either  side,  and  its  total  thickness  down  to  bed- 
rock from  200  to  485  feet.  Its  topography  riefies  verbal  description  in  detail, 
but  maybe  included  under  a  few  general  ty|H  s.  The  greater  part  of  the  area 
may  be  designated  as  crutnpU  tl,  resembling  the  surface  of  a 'Sheet  of  paper 
which  has  been  carelessly  crushed  in  the  hand  and  then  spread  out.  The 
ridges  have  no  particular  direction,  their  tops  are  broad  and  slope.s  gentle, 
yet  there  is  very  little  level  ground.  This  type  passes  by  insensible  gradua- 
tions into  the  rt-n-ufjuti  tl.  in  which  the  ridp-s  are  steeper,  .sharper,  and  ar- 
ranged in  somewhat  parallel  lines.  Similar  features  very  much  exaggerated 
produce  what  may  be  called  gouged  or  ehasmed  country,  found  in  perfection 
southwest  of  Columbia  City.  The  surface  is  entirely  occupied  by  deep,  irregu- 
lar, elongated  valley.^,  with  narrow,  sharp,  winding  ridges  between,  all  in  in- 
deseribable  confusion.  Th^  roads  throu^  it  are  very  crooked  in  order  to 

** LwtlHt,  The  PlaUtorciM  of  Indinnn  iind  Mirhiifon:  V.  S.  Gcol.  Surv.,  MimoKr..  ."i;!,  I»15, 

p.  Its. 

**Ofycr.  Studie*  in  Intiianti  (;>'.>uruuhv :  Inland  I'uli.  Co.,  IV'rrc  IluuU'.  Iliu8,  i>.  16. 
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avoid  the  marshes,  yet  in  every  direction,  they  are  a  series  of  steep  deflOCntS 
and  ascents.  The  relief  might  be  imitated  by  taking?  a  block  of  plastic  day 
and  gougrinfr  it  with  some  blunt  instrument  in  as  irreerular  a  manner  as 
possible. 

"Scarcely  more  extreme  and  prculiai-  tho  topoifraphy  usually  repfarded 
U.S  typical  of  terminal  moraines,  'the  knob  and  basin.'  It  consists  of  confused 
(TToups  of  dome-shaped  or  conical  hillR,  often  as  steep  and  sharp  as  the  mate- 
l  iaN,  usually  sand  and  ;rravel,  will  lie.  with  hollows  of  corresponding  shape 
between.  The  impression  made  is  as  if  the  material  had  been  dumped  from 
above  and  left  a«  it  fell,  like  srravel  from  a  wagon.  Some  of  the  finest  speci- 
men.s  in  America  occur  outii  of  Albim.  in  tho  I>i;.mond  lake  hills  near 
Ligonier,  east  of  Lagrange,  in  the  northwest  corner  of  Lagrange  County,  and 
fcrandest  of  all,  north  of  Angola,  where  the  peaks  rise  to  about  1,200  feet. 
Throughout  this'morainic  region  the  hollows  or  'kettle-holes'  are  occupied  by 
marshes  or  lakes,  .  .  .  and  the  marshes,  or  extinct  lakes,  out-number  the 
living  ones.** 

The  northern  limb  of  the  Salamonie  moraine  extends  northeastward  from 

Wabash  a  short  distance  west  of  Huntinpton,  throu^^h  northern  Huntinjjtoa, 
.southeastern  Whitley,  northwestern  Allen,  sjuthcaJitem  Noble,  northwestern 
IJckulb  and  eastern  Steuben  counties.  Through  Noble  and  most  of  Dekalb 
counties  it  coalesces  with  the  more  massive  Mississincwa  on  the  west.  It  has 
n  rather  mild  tupfiL-raiihy  of  tho  swell  and  sacr  type  thouRh  many  knobs  and 
basins  e.xist.  A  number  of  small  lakes  are  present  on  the  moraine.  It  is  best 
developed  in  eastern  Steuben  County  where  it  Is  2  to  6  miles  wide  and  has  a 
considerable  ranjre  in  relief  and  po;:so--es  many  massive,  rounded  and  dome- 
shaped  hills.  The  altitude  of  the  moraine  varies  from  somewhat  over  800 
feet  at  the  south  to  1,050  feet  in  Steuben  County. 

The  northern  limb  of  tho  Waha.-h  moraine  extends  from  the  Erie-Wabash 
glacial  col  in  western  Allen  County  northeast  into  Ohio  from  northeastern 
nekalb  County.  It  is  separated  from  the  northern  limb  of  the  Ft.  Wayne 
moraine  on  the  .south  by  the  valley  of  the  St.  Joseph  River.  The  moraine 
varies  from  4  to  8  mile^  in  width.  The  wider  portion  in  Dekalb  County  is 
not  of  u  distinctly  terminal  moraine  character  on  its  northern  edge.  The 
general  moraine  stands  about  80  feet  above  the  St.  Joseph  valley.  It  is  a 
broad,  rollinp  upland  with  few  knoll.s  oxccedinjr  20  feet  in  height.  It  has  only  a 
few  small  lakes,  though  many  hollows  and  small  saucer-shaped  marshes  exist 
bespeaking  the  former  existence  of  small  lakes.  The  moraine  is  crossed  by 
Fish  Creek  in  northea>itern  Dekalb  County  in  a  Korpe  ."iO  or  more  feet  in  depth, 
and  by  Cedar  Creek  in  northern  Allen  County,  with  a  gorge  lOU  feet  in  depth. 

"The  northern  limb  of  the  Ft.  Wayne,  or  St.  Marys-St  Joseph  moraine  of 
Dryer,  extends  from  Ft.  Wayne  northeast  out  of  the  state  just  south  of  the 
St.  Joseph  River.  It  has  an  average  width  of  about  4  miles,  and  rises  50 
to  75  feet  above  the  Manmec  lacustrine  plain  to  the  south.  Its  surfaee  topog- 
raphy is  mild  and  of  an  undulating  character.  A  number  of  kanw-like  hills 
lie  in  the  eastern  part  of  the  glacial  col  west  of  Ft.  Wayne. 

Between  the  recessional  moraines  of  the  northern  limb  of  the  Erie  ice- 
lobe  occur  notable  area.s  of  level  to  gently  undulating  ground  moraine,  lying 
considerably  below  the  crests  of  the  moraines.  The  strips  of  ^.j^round  moraine 
are  well  represented  in  the  south  of  Noble  and  Steuben  counties.    They  are 
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fairly  featureless^  and  have  their  companion  in  the  vast  Tipton  till  plain  south 
of  the  Wabash. 

Aside  from  the  system  of  leceaidima]  moraliies  wldeh  mark  the  area  occu- 
•  pied  by  the  north  limh  of  tho  Brie  toe-iobe  and  the  alternatinp  arras  of  level 
to  undulating  ground  moraine,  the  glacial  drainage  lines  are  worthy  of  note. 
Those  in  Steuben  and  eastern  Lairrans*  counties  have  already  been  men- 
tioned. Probably  next  to  the  Maumec-Wabash  placial  waterway,  that  of 
Cedar  Creek  and  Eel  River  is  the  most  striking  in  the  northern  portion  of 
Indiana.  This  glacial  channel  extends  along  Cedar  Creek  in  Dekalb  County 
into  northern  Allen  County,  where  Cedar  Creek  turns  abruptly  from  it  into 
a  ffOfC  through  the  Wabash  moraine.  The  glacial  channel  continues  more 
directly  southwest,  and  crosses  the  Salamonie  and  the  massive  Mississinewa 
moraines  without  the  slightest  deviation  from  itt  course.  It  is  quite  evident 
that  this  roiitc  \v:i>;  ma'lc  hy  a  ^.m-at  glacial  i  iver  and  that  Cedar  Creek  and 
Eel  Kiver  simply  inherited  their  present  courses  in  this  glacial  channel.  The 
route  of  Cedar  Creek  through  the  Wabash  moraine  was  very  probably  made 
by  a  glacial  tributary  which  flowed  in  the  opposite  direction  from  the  present 
lower  Cedar  Creek  through  the  gorge.  The  valley  of  the  St.  Joaefih  River  was 
also  the  rotite  of  a  large  gladal  stream,  as  evidenced  by  the  gravd  terrace 
of  the  valley  and  the  presence  of  the  gravel  hills  in  the  vicini^  of  the  eastern 
portion  of  the  glacial  col  southwest  of  Ft.  Wayne. 

The  Maumee  Lucmtrine  Section.  The  Maumee  lacusitrine  section  is  the 
name  applied  to  the  lacustrine  plain  which  was  once  occupied  by  an  ice-dammed 
lake  with  its  outlet  near  Ft.  Wayne  southwestward  through  a  broad  valley  to 
the  Wabash  at  Huntington.  This  lacustrine  plain  covers  a  large  area  in 
Ohio,  and  its  western  end  or  apex  laps  over  into  Indiana,  where  about  120 
square  miles  of  it  is  repre-^rtitcd  in  Allen  County.  A  distinrt  hcarh  line  ex- 
tends along  the  inner  margin  of  the  Ft.  Wayne  moraine  northeast  from  Ft. 
Wayne  to  the  extreme  northeastern  comer  of  Allen  County.  The  old  beach 
line  extending  east  and  .southeast  on  the  southern  border  of  the  flat  lacustrine 
plain  is  scarcely  less  distinct.  The  plain  is  almost  completely  featureless. 
The  Maumee  River,  formed  by  the  junction  of  the  St.  Mary's  and  St  Joseph 
rivers  at  Ft.  Wayne  flows  in  a  tortuous  channel  sunk  25  to  40  feet  below  the 
plain,  and  is  without  flood  plain  or  terrace.  The  plain  has  an  elevation  of 
about  750  feet  above  sea  level.  The  opening  to  the  Wabash  is  at  about  the 
same  elevation  or  slightly  higher.  Near  New  Haven  is  a  low  sandy  tract 
slightly  above  the  general  elevation  of  the  plain.  This  sandy  tract  is  evidently 
a  delta  deposit  where  the  St.  Mary's  Kiver  debouched  into  the  old  lake  dur- 
ing its  eriatenm  Tlie  lalce  whidi  gave  rise  to  the  plain  is  known  as  Gladal 
Lake  Maumee." 

**IhrT«r.  Creolocy  of  Allen  Comity!  Mtk  Annl  Kept..  lad.  Geol.  8arv.  for  1B8S.  pp.  irr«114. 
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Chaptbb  IV. 

GJBNERAL  PHYSIOGRAPHIC  DEVELOPMENT. 
Getterul  Cointideralioiia. 
FtiyBiograpbie  Faetors  and  Their  Resalts. 

The  physiographic  development  of  a  region  involves  a  number  of  factors 
which  in  the  course  of  time  have  left  their  impress  directly  or  indirectly  upon 
the  land&cape.  Some  of  these  factors  are  active  while  others  are  condition- 
ing. Fundamontally,  denudation,  diastrophism,  and  vulcanism  as  Kcologie 
processes  encompaiss  any  anri  all  of  the  details  of  physiojrraphical  K<'"'">ry,  yot 
these  terms  are  seldom  used.  Forms  directly  due  to  diustrophism  and  vulcun- 
itm  may  be  considered  initial;  they  are  surface  expressions  of  readjostmrnta 
taking  place  within  the  earth.  Land  forms  due  to  denudation  are  subse- 
quently developed  upon  the  earth's  surface,  the  position  of  which  as  a  land 
mass  may  be  due  to  diastrophism.  M neh  of  the  detail  of  physiographic  devel- 
opment,  however,  is  given  in  terms  which  are  classified  under  denudation. 
The  active  factors  are  the  prooes.se.-^  wliich  act  upon  the  land  materials.  The 
denudational  agencies  from  the  physiojrraphic  point  of  view  may  be  placed  in 
two  convenient  classes.  First,  the  weathering  aRcncics,  or  those  processes 
which  disintegrate  or  decompose  the  rock  materials  of  the  land  in  sritu.  Freea- 
ing  and  thawing,  expansion  and  contraction,  the  work  of  organisms,  oxidation, 
earbonation,  .solution  and  hydration  are  the  chief  dcstmctionul  proces.ses  be- 
longing to  this  cla-s.  These  agencies  rather  prepare  the  rock  materials  of  the 
lands  for  the  erosional  agencies,  or  those  of  the  second  cla.ss.  Running  water, 
waves,  wind,  and  glacial  iee  are  largely  transporting  agendes,  yet  they  are 
also  effective  in  getting  posse.ssion  of  rock  materials  directly.  Their  final  work 
is  deposition,  and  usually  more  permanently  where  they  cease  to  act  because  of 
tl|ie  absanee  of  the  downward  component  under  the  influence  of  gravity. 

Many  of  the  land  foi-ms  over  the  surface  of  the  earth  are  the  results  of  the 
temporary  deposition  of  material  by  the  erosive  agencies,  especially  wind  and 
glacial  ice.  But  such  forms  as  dunes  and  moraines  are  usually  subject  to 
removal  by  running  water  and  eventually  must  succumb  to  its  tendency  to 
carry  all  the  materials  of  the  land  to  the  sea,  where  they  are  permanently  de- 
posited. 

The  final  result  of  the  agencies  of  weathering  and  erosion  is  the  reduction 
of  the  lands  of  the  earth  nearly  to  the  level  of  the  sea.  .Such  reduction  of  an 
uplifted  land  mass  is  frequently  referred  to  as  the  cycle  of  erosion.  The  vari- 
ous agencies  acting  during  the  development  of  the  cycle  of  erosion  are  very 
unecjual  in  importance,  depending  u])on  a  number  of  conditions.  Those  fac- 
tors which  condition  the  relative  amount  of  work  done  by  the  active  agencies 
are  of  great  importance  in  giving  rise  to  land  fotras.  Among  the  most  impor> 
tant  conditionintr  factor-'  are  climate,  topographic  conditions  (including  stage 
in  the  erosion  cycle),  geologic  structure,  and  lithology. 

In  an  arid  climate  wind  is  the  agency  which  dominates,  and  its  results 
are  the  most  common.  Other  agencies  are  important,  though  they  are  over- 
shadowed by  the  more  obvious  wind  action.  In  a  humid  climate  running  water 
is  llie  chief  agency,  and  the  forms  produced  by  it  largely  predominate.  Weath- 
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erinff  in  all  cases  is  a  silent  destroyer  of  tl-.e  .surface  rocks,  but  in  the  early  and 
mature  stagres  of  the  erosion  cycle  or  in  arca.s  of  considerable  relief,  mechan- 
ical agencies  may  predominate.  In  the  later  stages  of  the  erosion  eyde  or  <MI 
areas  of  slight  relief  chemical  weatlierinjj  is  of  prime  importance,  as  water 
running  over  the  surface  has  little  erosive  elTcct  on  account  of  the  low  gradient. 
Geologic  structure  is  of  importance  in  that  it  causes  rocks  of  different  deflrrees 
of  resistance  or  rocks  of  different  litholoirical  characteristics  to  be  presented 
at  the  surface.  Land  forms  are  frec]uently  regionally  dependent  upon  the 
lithology.  Thus,  limestone  rocks  often  give  rise  to  sinkholes;  soft  shales  never 
permit  angularity;  sandstone.'^  usually  furnish  the  roomiest  land  fonna;  and 
granites  give  rise  to  rounded  bosses. 

The  combined  effect  of  all  denudational  processes  upon  a  land  mass  pro- 
duces a  progressive  change  in  topography.  The  materials  of  the  land  are 
wasted  away,  givinjr  first  a  topographic  condition  known  as  the  youthful  stage 
of  the  erosion  cycle,  in  which  only  a  relatively  small  amount  of  the  land  mass 
has  been  removed.  The  stage  of  maturity  in  the  erosimi  cycle  is  marked  Iqr 
extreme  dissection  and  maximum  relief.  The  amount  of  material  which  has 
been  removed  by  the  processes  of  land  sculpture  is  approximately  equal  to  the 
amount  which  is  yet  to  be  removed.  The  final  stage  in  the  cycle  of  erosion  is 
that  of  the  peneplain,  or  old  age  condition  of  topo^^  i  aphy,  in  which  the  entire 
area  is  cut  down  so  low  that  running  water  has  little  effect.  Regardless  of 
the  initial  form  of  the  uplifted  land  mass  or  the  material  of  Whidi  it  is  con- 
structed, pencplanntion  is  the  final  result  and  marks  the  completion  of  the 
erosion  cycle.  All  land  ma.siies  are  subject  to  this  fate  unless  the  erosion  cycle 
is  interrupted.  Where  the  geologic  structure,  the  lithology,  and  the  altitude 
•and  distanee  from  the  sea  are  known  the  topographic  condition  in  any  par- 
ticular stage  of  the  erosion  cycle  may  be  reconstructed. 

General  Phirsiographic  Development  of  the  Eastern  United  States. 

The  topographic  condition  of  the  lands  of  the  earth  today  is  such  that 
their  physiographle  historiaa  may  be  read  far  back  into  the  past  It  is  known 

that  the  peneplane<l  condition  has  prevailed  over  wide  aieas,  and  that  many 
regions  which  have  been  peneplancd  have  since  been  uplifted  and  a  new  cycle 
or  successive  cydes  of  erosion  have  ensued.  The  eastern  half  of  the  United 
States  reveals  certainly  two  periods  of  wide  penrplanation  and  two  shorter 
periods  of  more  localized  peneplanation,  each  of  which  has  been  interrupted 
by  uplift  or  warping.  Indeed,  the  history  of  the  last  geological  era  is  inter* 
preted  largely  from  the  topo^rraphic  condition  of  the  lands.  The  broad  dias- 
trophic  movements  of  the  last  geological  era  are  dearly  i-evealed  in  the  present 
topography.  The  chronological  order  of  the  series  of  uplifts  and  partial  pene- 
planations  may  be  determined  by  the  topographic  forms  present.  But  from 
the  standpoint  of  peolojric  time  these  forms  must  he  related  to  the  fossils  em- 
bedded in  strata  that  were  deposited  contemporaneously.  Thus  a  period  of 
peneplanation  of  the  land  impUes  deposition  of  the  removed  material  in  the 
.seas  of  the  time.  It  remains  to  correlate  these  two  phases  of  geolo>:ic  activity 
in  order  to  determine  the  geologic  date  of  the  period  of  peneplanation.  By 
the  application  of  such  methods  Davis,  Willis,  Hayes,  and  Campbell  and  others 
have  shown  that  uplifted,  deformed,  and  partly  destroyed  peneplains  in  the 
eastern  part  of  the  United  States  date  back  into  the  Mesozoic  era.    The  oldest 
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recognized  peneplain  was  completed  some  time  in  VtM  CretacMUs  period,  and 
is  reprrsrntftl  by  the  Cumberlanti  plateau,  the  tops  of  the  hijrher  parallel 
ridges  of  the  Appalachian  mountains,  and  the  mountainous  plateau  of  New 
England.  A  later  period  of  pcneplanation  leii  prolonged  followed,  and  was 
ended  about  the  middle  of  tho  Tortiary.  The  resulting  peneplain  wns  less 
wide-spread  than  the  one  completed  in  the  Cretaceous  period.  A  prominent 
wide-Bpnad  uplift  over  the  United  States  marked  the  doie  of  the  Tertiary. 
Since  the  close  of  the  Tertiary  the  crcat  valley  tronchos  which  exist  in  tho 
plains  of  the  Mississippi  basin  have  come  into  exiiitence.  The  complete  or 
iwrtlal  filling  of  wrnie  of  the  valley  trenches  by  glacial  tiD  ahowi  that  their 
development  was  well  advanced  at  the  time  of  the  gTMt  spread  of  the  conti- 
nental ice  sheets  during  the  Pleistocene. 

The  iwfiBOe  of  Indiana  has  been  subjected  in  ^peneral  to  the  same  broad 
liia-tiophie  iinpiliMB  and  intercalated  periods  of  crustal' stability  accompanied 
by  denudation,  as  the  entire  Mississippi  basin.  In  company  with  the  St. 
Lawrence  and  upper  Mississippi  basins  it  was  subjected  to  a  series  of  glacial 
invasions.  The  topographic  forms  present  are  such  as  to  partly  reveal  the 
physiographic  history.  This  history  is  in  harmony  with  that  irf  adjacent 
regions. 

Relationship  of  the  Indiana  Ilegior.  to  the  Gulf  Embayment  Area. 

Apparently  most  of  the  docipherahic  history  of  the  physiojjraphic  devel- 
opment of  the  Indiana  region  must  be  closely  related  tu  the  Gulf  embayment 
area.  Drainage  from  the  larger  portion  of  Indiana  has  probably  always  been 
directed  towards  the  Gulf  fn^baymmt  and  the  material  carried  by  the  .streams 
from  the  region  has  been  deposited  within  the  seas  of  the  Gulf  of  Mexico  or 
its  former  enibayment  area  extending  to  the  northward.  When  the  Gnlf  em- 
bayuunt  readied  as  far  north  as  southern  Illinois,  the  Indiana  region  with  its 
drainage  directed  towards  the  Gulf  was  not  far  removed  from  the  margin  of 
the  sea,  and  at  the  close  of  any  period  of  peneplanalion  must  have  been  but 
little  above  sea  level.  As  the  land  area  (rf  North  America  grew  larger  dnr- 
inp  the  latter  half  of  the  Tertiary  on  account  of  the  withdrawal  of  the  em- 
bayment seas  to  the  .southward,  the  Indiana  region  must  have  become  higher 
above  sea  level.  This  condition  of  greater  elevation  and  increase  in  area  was 
attained  by  uplift  and  by  deposition  of  the  wa.stc  material  from  the  interior 
of  the  continent.  It  is  likely  that  the  Indiana  region  is  farther  from  the  sea 
at  the  present  time  than  at  any  time  in  the  past  history  of  its  topographic 
development  This  conclusion  is  based  on  the  fact  that  instead  of  an  em- 
bayment extending  towards  the  Indiana  region  there  now  exists  a  seaward 
extension  of  the  land.  This  land  extension  has  been  built  by  the  Mississippi 
River  durinj?  Pleistocene  and  Recent  times.  The  relationship  of  the  various 
cycles  or  partial  cycles  of  erosion  in  Indiana  to  the  deposits  of  the  Gulf  embay- 
ment area  is  not  entirely  clear.  Attempts  iiave  been  made,  however,  to  corre- 
late the  erosion  cycles  with  those  of  other  areas  adjacent  to  the  embayment 
deposits,  where  the  relationships  are  more  apparent.  Lack  of  detailed  topogra- 
phic maps  has  hindered  definite  correlation,  but  the  broader  phases  have  been 
fairly  well  determined. 

Formation  and  Influence  of  the  CSndnnali  Arch. 
Towards  the  dose  of  the  Paleoaoic  era  the  continent  of  North  America 


Digitized  by  Google 


128 


Depaktment  of  Conservation 


was  uplifted  and  the  long  prevalent  interior  continental  seas  were  withdrawn. 
Most  of  ea.-tei  n  North  America  has  been  above  the  sea  since  that  time.  It  is 
very  likely  that  the  crest  of  the  Cincinnati  arch  or  geanticline  was  uplifted 
some  time  before  the  withdrawal  of  tiie  sea  from  the  bariiis  on  either  side,  and 
Ihat  it  furnished  the  source  of  some  of  ;lic  soiiimcnt.s  for  the  b;isins.  At  any 
rate  the  Cincinnati  arch  was  upliitcd  to  a  much  greater  degree  than  the 
geosyndinal  basin  eenterinsr  in  southern  Illinois  and  lying  between  the  Cin* 
dnnati  arch  anrl  tin  O/n  k  uplift  of  Missouri. 

The  crest  of  the  Cincinnati  arch  is  in  Jessamine  County,  Kentucky.  The 
axis  of  the  arch  descends  northward  and  soathward  from  the  crest  The  axia 
of  the  uplift  passes  the  vicinity  of  Cincinnati,  and  thence  north-northwest  to 
Richmond,  Kokomo,  and  Logansport.  Near  the  latter  place  the  strata  com- 
mence to  rise  again  along  an  axis  that  passes  through  the  vicinity  of  Chicago 
and  unites  with  the  Wisconsin  uplift.  It  may  be  said  that  the  axes  of  tha 
Wisconsin  and  Cincinnati  uplifts  merpr  in  Indiana  in  the  vicinity  of  Logans- 
port.  These  axes  of  uplifts  are  of  considerable  importance  physiographically, 
since  they  determine  the  distribution  and  position  of  the  rocks  which  compose 
their  flanks,  especially  as  conditioned  by  their  peneplanod  and  beveled  edges 
which  were  later  uplifted.  The  strata  on  the  western  (lank  of  these  uplifts 
dip  10  to  40  feet  to  the  mile  in  a  direction  normal  to  ^mIt  axes.  This  dip 
convtrgcs  towai'd  the  synclinal  basin  in  south  ct  ntral  Illinois.  In  northeastern 
Indiana  on  the  eastern  flank  of  the  axes  of  the  uplifts,  the  dip  is  somewhat 
lower  and  is  in  a  northeastern  direction  toward  the  synclinal  basin  in  central 
Michitran.  The  inclination  of  the  strata  from  the  axes  of  the  uplifts  was 
attained  for  the  most  part  at  the  close  of  the  Paleoxoic  era,  as  evidenced  by 
the  approximate  e<iuality  of  the  dip  of  the  strata  of  all  the  rock  systems' on  the 
wcstei  n  flank  of  the  geaniiclipe. 

The  initial  diastrophic  arnh  was  probably  eroded  as  rapidly  as  it  was 
formed,  and  the  drainage  was  probably  down  its  flanks.  Great  thicknesses 
of  the  strata  of  the  later  rock  systems  which  were  laid  down. over  the  area 
before  the  final  bowintr  of  the  arch  were  removed  from  the  crest  and  axis, 
though  geologic  evidence  indicates  that  .some  of  the  strata  deposited  over  it 
were  much  thinner  than  on  the  flnnlw  or  in  the  basins  adjacent,  and  that  dur- 
ing certain  epochs  of  the  Pairozoic  following  the  Ordovician  period  no  depori* 
tion  at  all  occurred  over  the  ciost  of  the  low  initial  arch. 

Mc  so  zoic  l'r)i'i>lininfion. 

The  erosion  of  the  Cincinnati  arch  and  adjacent  regions  continued  through- 
out the  Mesosoic,  and  at  Its  close  the  Cretaceous  sea  extended  up  the  Gulf  em- 

bayment  area  into  southern  Illinois.  The  Indiana  region  must  have  then  been 
perfectly  peneplaned  and  the  surface  little  above  the  sea.  It  is  probable  that 
the  Cretaceous  sea  actually  invaded  the  southwestern  part  of  Indiana  and  that 
HSm  materials  which  were  deposited  there  were  subsequently  removed.  No 
known  Cretaceous  deposits  occur  at  present  nearer  than  southern  Illinois  and 
western  Kentucky,  in  the  vicinity  of  the  mouth  of  the  Tenne^isee  River,  ap- 
proximately flfty  miles  distant  from  the  southwestern  eoraeir  of  Indiana.  In 
Kentucky  and  Tennes.sec  outliers  of  the  Tuscaloosa  and  Eutaw  formations 
occur  far  east  of  the  pre^nt  general  outcrop.  In  Lewis  County,  Tennessee, 
outliers  occur  as  much  as  tvitf  miles  east  of  tlie  main  line  of  outcrop.** 

"Bwnr.  Uppir  Crctrccaiia  Fiona  of  the  Butern  Galf  RntioB  in  THiimmm.  MiaiMipitl. 
AlubMM  cad  GcmsIsi  U.  S.  G«aL  aarr„  Prat  Paper  tU.  INS,  pp.  tS4S  and  Plate  L 


Digitized  by  Google 


Hand  Book  of  Indiana  Geology 


129 


Cretaceous  sea  floor  upon  which  these  outlying  (iejw^its  rest  is  the  resurrected 
Cretaceous  peneplain,  which  is  now  designated  as  the  Highland  Rim  peneplain, 
of  early  Tertiary  age. 

The  Mr-o7nic  era  in  the  eastern  part  of  the  United  States  was  larpcly 
given  over  to  denudation  of  the  lands.  The  Appalachian  area  which  came 
into  existence  as  a  high  monntainous  mass  at  tlie  cloee  of  the  Paleoaoie  was 
peneplaincd.  It  is  not  known  how  many  erosion  cycles  preceded  the  OIM  Whicb 
gav^  rise  to  an  extensive  peneplain  at  the  close  of  the  Cretaceous  peiiod. 
This  peneplain  is  now  represented  by  the  Cumberland  plateau  surface"  and 
other  upland  but  more  restricted  surfaces  in  the  Appalachian  region.  The 
geologic  evidence  indicates  that  conditions  were  such  as  to  give  at  least  two 
and  possibly  three  erosion  cycles.  These  erosion  cycles  probably  formed  pene> 
plains,  but  it  is  likely  that  each  enaion  cycle  in  turn  destroyed  the  peneplain 
made  by  'it»  predecessor;  or  they  may  locally  have  coincide<l  with  each  other 
or  with  the  extensive  peneplain  present  at  the  close  of  the  Cretaceous  period. 
It  is  not  likely  that  any  portion  of  the  Cretaceous  peneplain  has  been  preserved 
in  Indiana.  It  is  possible,  however,  that  some  portion  of  the  later  developed 
Tertiary  peneplain  coincided  with  it. 

Upl^t  at  the  CtoM  of  the  Meaozoic 

The  close  of  the  Mesozoic  era  Ml  ihe  continent  of  North  America  was 
marked  by  wide  crustal  deformation  over  most  of  the  continent.  The  well  de- 
veloped Cretaceous  peneplain  over  the  eastern  part  of  the  United  States  was 
uplifted  and  somewhat  deformed.''  Contrary  to  the  generally  elevated  condi- 
tion over  the  continent,  the  Gulf  embayment  area  does  not  appear  to  have  been 
disturbed.  The  Eocene  Gulf  embayment  sea  remained  in  approximately  the 
same  positimi  as  that  oceopied  by  the  Cretaceous  sea,  and  the  sediments  are 
such  as  to  indicate  that  deposition  was  continuous.'"  The  drainage  of  the 
Indiana  region  into  the  Gulf  emba^^ment  area  was  probably  unchanged.  With- 
out uplift  of  the  Gulf  embayment  area  there  could  have  been  no  rejuvenation 
of  the  immefliatt  ly  contiguous  area.s,  and  the  erosion  cycle  initiated  by  the 
uplifted  continent  ehiewhere  was  not  effective  about  the  margin  of  the  Gulf 
enriMqnnent  area.  Thus  it  is  very  liltely  that  the  Cretaceous  peneplain  imme- 
diatdy  adjacent  the  embayment  area  was  not  destroyed,  but  was  continued 
into  the  Tertiary.  But  uplift  was  effective  at  a  distance  from  the  Gulf  em- 
bayment area,  and  tha  early  Tertiary  erorion  cycle  ensued. 

Early  Tertiary  Peneplain. 

During  the  Eocene  Tertiary  the  erosion  cycls  initiated  near  the  close  of  the 
Cretaceous  waj>  completed  over  areas  of  considerable  expanse  on  either  side  of 
the  Mississippi,  though  full  peneplanation  was  largely  restricted  to  areas  of 

nonresistant  rocks  anri  adjacent  to  the  more  vigorou.s  drainage  lines.  Kast  of 
the  Mi.<*sissippi,  the  area  immediatdy  adjoining  the  Gulf  embayment  as  a 

"Not  all  iccoloiciau  are  avreiil  that  th«  CuinberlMid  pbtmu  rcpreaenta  «a  up-liftcd  baM- 
leval  plain  of  cixMion.  8m  Miller.  A.  M.,  Gaohay  of  Kmtneky:  Ky.  Gcoi;  Surv.,  8er.  V.  Ball. 
II.  ttlO.  pp.  1M.1M. 

"HajFca  and  Campbdl.  OcomorplMilonr  of  the  Sdutfiern  Appalaclitaiia:  Nat.  Geoff.  Mar.. 
Vol.  VI,  1891.  pp.  c:^-ii!fi. 

**  Voatoh,  GeoluKy  nnd  Undrritround  Water  KeMiurrcH  of  Northern  I.<>ui»i«n«  iiiul  Southern 
Arkaiuui  U.  8.  Oeok  8arv„  Prof.  Pftpor  4S,  MOS,  p.  tl. 

»-««4S 
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pencplancd  reprion  was  probably  undifferentiated  from  the  peneplain  prcscn* 
at  the  close  of  the  Cretaceous  period,  because  the  seas  of  the  two  periods  were 
approximately  in  the  same  position.  There  is  .some  evidence,  however,  that  the 
Eocene  sea  spread  much  morf  wi(iely  over  the  lower  Mississippi  region  than 
the  late  Cretaceous  sea,  thouph  such  extension  was  probably  of  short  duration. 
It  is  likely  that  the  frreater  part  of  Illinois  lyinp  in  the  Reosynclinal  basin  was 
not  elevated  perceptibly  at  the  dose  of  the  Mesozuic,  and  the  peneplain  which 
had  been  developed  there  was  continued  without  erosion  throuKh  the  early 
Tertiary  cycle/'  The  vertical  distance  between  the  early  Tertiary  peneplain 
and  the  older  Cretaceous  one  undoubtedly  developed  in  Indiana  is  unknown, 
though  it  has  been  inferred  that  the  difference  in  the  two  levels  could  not  have 
been  great 

The  early  Tertiary  peneplain  was  widely  developed  in  Tennessee  where  it 


Fix.  13.  VU>w  i>r  thf  Hiuhliinil  Rim  prnrplain  near  the  crcat  of  the  Kncibistone  (.■scurlimcnt 
2  mill's  wi-Kt  of  Mdtnni.  jHckimn  County.  , 

the  CumbtMjand  plateau  which  is  supposed  to  represent  the  Crctajtjyis  pene- 
plain. In  the  rcpion  of  the  crest  of  the  Cincinnati  arch  in  central  Kentucky, 
the  underlyinj;  limestone  has  been  reduced  to  a  plain  now  .standing  J)00  to  1,000 
feet  above  .sea  level.  This  plain,  known  as  the  Lexington  plain  is  correlated 
with  the  Highland  Rim  peneplain,  though  much  of  it  has  been  reduced  some- 
what below  the  original  uplifted  level."  Much  of  the  upland  surface  of  the 
Dearborn  upland  represents  remnants  of  this  peneplain.    Likewise  the  highest 

"This  i<lcii  is  «li»cu»wi1  xiifiu-wrhm  by  Hernhty,  Krnnion  Cyckn  in  Nniihwintcrn  Illinnin: 
AmiT.  CiMil..  Vi>l.  IN.  IH'Jfi,  i>|i.  7:!-l<iii:  and  in  Miiiinrt-nllv  n|i|iruv«1  hy  Rain.  Zinc  and  Ix«a 
Dppositti  of  the  U|>|i<T  Mi«!<iH'<l|i|>i  Viill4'y :  U.  S.  r:o<^il.  Surv..  Bull.  l.'Ht.  I!I06,  p|).  S-ll.  Ilcrahry 
rrnlitu  thi'  sunKr^tlun  tn  I..ov«'r<.'tt. 

Hayes  and  <'«mi>bi'll.  Cii'ninnrrihoNiKy  of  thf  S<iulh«'in  Appalachians:  Nat.  iltvu.  Man.. 
Vol.  VI.  189J.  pp.  «;!.12l5. 

"  Hayrn,  l'hy«ii>i;i'aphy  i>f  the  Cha1lnni>i>)ra  I)i>ilrict.  in  TenncMOf.  Ceoriiia  and  .Mabama: 
|9th  Ann.  Re\,t.  i>(  tho  V.  S.  Cifl.  Snrv..  tSU1>.  pp.  l.r>K. 

•»  Campbell.  U.  S.  Ceol.  Surv.,  Tho  Kirhmond  Kolio  No.  4ti,  IHUX.  AUn  Ijitn.be  l-olio 
No.  11(1.  1901. 
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portion  of  the  Nornian  upland,  where  the  even-topped  ridges  reuch  an  eleva- 
tion of  900  to  1,000  feet  (see  Figures  6  and  IS),  and  the  highest  upland  masses 
of  the  Crawford  upland  where  evm-topped  spur?  attain  heights  of  800  to  900 
feet  or  more,  are  probably  remnants  of  this  peneplain. 

Eastward  from  the  Crawford  upland  the  uplifted  peneplain  remnants 
retain  a  remarkably  even  riovation,  po  -sin)'  an  altitude  from  900  to  1,000 
feet  over  southeastern  Indiana,  southwestern  Ohio,  central  Kentucky,  and 
middle  Tennessee.  Westward  from  the  Crawford  upland  there  appears  to  be 
a  distinct  descent,  since  the  tops  of  tlir  hills  and  upland  spurs  which  probably 
represent  remnants  or  slightly  reduced  remnants  of  the  peneplain  become  dis- 
tinctly lower  in  elevation.  TIUs  descent  h  probably  associated  with  differential 
uplift  and  with  later  depression  of  the  lower  Mississippi  Valley  area.  It  is 
possible,  however,  that  no  remnants  of  the  old  peneplain  exist  at  the  western 
edge  of  the  Crawford  upland  and  westward,  and  that  the  tops  of  hills  and 
upland  spurs  are  representative  of  a  lower  and  later  peneplain.  One  interpre- 
tation and  correlation  of  certain  chtTty  ninvt  1-  at  elevations  of  from  700  tO 
750  feet  in  southern  Indiana  sustain  this  latter  view. 

It  is  presumed  that  the  oldest  recognised  peneplain  level  in  southern  Indi- 
ana  and  associated  rrpions  wa-  frunic!  larpely  durinp  the  Eocene.  It  ap- 
pears that  the  Gulf  cmbayment  area  during  the  Eocene  denudation  period 
on  the  adjacent  lands  was  slightly  sinking,  permitting  the  waters  of  the  em- 
l  aymont  to  reach  as  far  north  as  the  mouth  of  the  pre.sent  Ohio  Riser  durinjj 
the  entire  period.  During  this  period,  which  represents  the  larger  portion  of 
Tertiary  time,  the  lan(!s  adjacent  to  the  embaymcnt  sea  must  have  been  reduesd 
to  a  peneplain,  ns  outlined  above.  Thus  the  Highland  lUm  peneplnin  l:a&  a 
geologic  basis. 


Near  the  li^inning  of  the  OUgoocne,  uplift  occurred,  causing  the  with- 
drawal of  the  cmbayment  sea  to  near  the  vicinity  of  Vicksburg,  and  leaving 
but  little  indenture  of  the  coast  in  the  cmbayment  area."  The  deposits  of 
the  Oligocene  are  in  part  of  an  olT-shore  nature,  and  indicate  erodon  of  the 
lands  to  the  north. 


Throughout  the  Oligocene,  Miocene  and  early  Pliocene  eiosion  took  place, 
and  large  areas  in  the  Mississippi  valley  were  reduced  below  the  level  of  the 
uplifted  early  Tertiary  peneplain.  A  partially  buse-leveied  plain  was  formed 
o&  the  Eocene  deposits  of  the  cmbayment  area  and  adjacmt  areas  of  soft 
Toeks  were  reduced  for  the  most  part  to  the  same  level. Portions  of  thi.<? 
late  Tertiary  peneplain  in  the  embayment  area  and  adjacent  regions  are  now 

"VeMlcb.  GeoloRy  and  Underground  Water  Reaource*  of  Nurthrrn  IxMiisiana  nad  S..uthcrn 
Arfcamas:  U.  8.  OcoL  8«rv.,  Prof.  Phper  4C.  IMNt.  p.  41  and  PI.  11. 

■*  Veateh.  U.  S.  GmL  Surv..  Prof.  Psper  4«.  IMS.  p.  44.  AIm  m*  Shaw.  The  Ptioemc 
Hlatory  of  Northern  and  Central  MIbrIwIppI:  V.  S.  Geot.  Surv..  Prof.  Paper  lOH,  f9t8.  pp. 

I  IM- 1 *;.'!.  Shiiw  hii-;  nirrfully  nnrilyxi->l  thi-  topnktniphic  rc>ti<li(i<m  of  tlir  (iiilf  rnili^i>  tin  ril  Bri"« 
in  Mis^i•'!>ip|li  Hiiil  l  an'fully  liiiriil  ihf  Hii;hliiii<l  Kim  iK'ni  i-laln.  «-.  iiU  iii i In  il  in  'ri  iuiti»i>4>p. 

inlii  the  (Iiilf  imlwiynx nnn.  Ilf  iiU  ntifiin  nn  tnision  i-lain  1"  low  ihi  lliuhlnnil  Kim  level 
develot)«l  oil  E<K-inf  dvixisii.t.  Thin  plain  may  Itv  correlaU'd  wilh  Ihe  laUr  Tertiary  |>eneplain 
devel<i|>n|  in  nrvtix  niljiireni  to  the  Gulf  Etaihamwnt  araa.  Tbia  work  ot  Shaw  in  thia  eritleal 
SNa  la  hichly  commendabte. 


ilftddle  Terttary  Uplift. 
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presei-ved  at  an  elevation  of  500  to  TyrtO  feet.  This  level  in  southwestern  Indi- 
ana is  well  developed  over  the  Wabash  lowland.  Over  wide  areas  in  southern 
Indiana,  Kentucky,  and  Tennessee  the  erosion  following  the  middle  Tertiary 
uplift  nearly  destroyed  the  early  Tertiary  or  Highland  Rim  peneplain.  In 
Indiana  only  the  interstream  tracts  where  the  rock';  are  resistant  retain  areas 
which  reach  approximately  to  the  older  peneplain  level. 

Late  Tertiary  Graveh  and  Related  Physioi/ruphic  Problevut. 

Lafayette  Formation. 

Near  the  close  of  the  late  Tertiary  erosion  cycle,  terminated  by  the  wide- 
spread uplift  which  brought  the  Tertiary  to  a  close  and  initiated  the  Plei.sto- 
cene,  cherty  jfravels  with  as.<iociated  quartz  pebble.*,  peodes,  and  reddi.sh  .«<and.s 


KiK.  11.  Vil'w  of  late  Tcrtinrj'  pt'nci'lain  rmrlhcu*!  of  SiiU-m,  WnKhinttl  in  r.:iinly.  Vli'W 
iHkfn  from  a  ritlKo  which  ivachcH  aiiproximatcly  9U0  (cvt  in  alli(u<le  on  the  ValloniH-Snlom 
rij««l.  about  !t  mlUn  n<ir1h  oT  Salem.  Thi'  viilli-y  of  Bluf  Rivt-r  isi  very  wido  an<l  a|i|iri>ximatply 
75tl  feci  in  aKituale.  Lontr  bIoiich  Icb«I  down  to  the  br«»d  vnllry  k-vel  frum  Ihv  HiKhlaml  Rim 
l<>vel, 

were  widely  deposited  over  the  Missi.ssippi  Valley  region.  These  gravels  away 
from  the  Gulf  embayment  area  are  apparently  stream  gravels  and  are  almost 
always  found  adjacent  to  the  pre.sent  entrenched  drainage  lines.  The.se  gravels 
and  .sands  generally  known  as  the  Lafayette  formation,  have  been  described  by 
Hilgard,  McGee,  and  others  as  a  deposit  forming  a  more  or  less  complete  and 
unconformable  mantle  over  the  surface  of  the  late  Tertiary  peneplain  of  the 
Gulf  embayment  area. 

The  problem  of  the  method  of  the  deposition  of  the  Lafayette  formation 
has  not  yet  been  satisfactorily  solved.  Some  geologists  assign  the  gravels  and 
sands  to  a  Pliocene  depre.svion  as  wide-spread  as  the  occurrence  of  the  deposits 
themRelves.""    Others  realizing  that  the  topographic  situations  of  the  gravels 

MctJet'.  The  LafayoUe  Formation:  U.  .S,  f;«)l.  Surv..  Twolflh  Ann.  R<'|>t..  pari  1. 
347-521.    HilKort).  The  Ago  and  Oriiiin  of  the  Lafayette  Formation:  Amer.  Jour.  Sci..  3rd  ser.. 
Vol.  43,  1892,  385>-402.     Vcatrh.  GeoMmy  ami  Underitrnund  Water  Rwiurevs  iif  Norlhi-rn 

Lnuisiana  and  Northern  Arkansas:  V.  S.  Geol.  Surv..  Prof.  Pu|ier  4fi.  lOOd.  |i|>.  14.16. 
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will  not  admit  nf  such  n  simple  explanution,  have  aflsifnted  the  formation  to 
a  period  of  <litr<  i  cntial  and. progressive  warping.  Under  this  latter  interpreta- 
tion it  is  thouKht  that  the  arras  alone  and  adjacent  to  the  widened  valleys  in- 
land from  tiie  Gulf  embayment  region,  were  more  or  less  covered  with  river 
deposits  derived  from  the  deeply  accumulated  residuals  of  the  borderinir  lands, 
while  occanward  these  gravels  mcrjjed  into  true  marine  deposit  '"  Recently 
members  of  the  United  States  Geological  Survey  have  called  into  question  many 
deposits  which  have  usually  been  assigned  to  the  Lafayette.  Shaw**  attempts 
to  show  thai  the  Lafayette  formation  consists  largely  of  "a  more  or  less 
weathered  portion  of  the  older  and  underlying  formations."  In  summary  he 
condndes:  "...  the  material  called  *Lafayette  formation*  in  Hfssissippi 
is  the  product  neither  of  Pleistocene  icy  floods  from  the  north  nor  of  a  marine 
invasion;  it  is  not  a  Pliocene  blanket  of  waste  fiom  the  Appalachians  spradually 
spread  over  the  state  by  streams;  and  it  does  not  consist  altogether  of  parts 
of  pre-Pliocene  formations  with  their  surface  of  residuum.  It  is  believed  to 
be  made  u))  of  unrelate'i  or  <listantly  related  materials  that  have  been  errone- 
ously grouped  together  and  to  consist  in  the  main  of  more  or  les^i  modified 
parts  of  the  underlyinc  fwmations,  indudingr  some  reeldttvun  and  eollitvinm* 
and  of  terrace  d^osits  of  PUocene  and  Quaternary  age." 


Shaw's  disposal  of  the  Lafayette  formation,  while  applying  in  particular 
to  the  deposits  of  Mississippi,  cannot  be  regarded  as  conclusive.  The  forma- 
tion name  Lafayette  has  beyond  doubt  been  greatly  misapplied,  but  the  denial 
of  the  existence  of  the  formation  inland  from  the  Ciulf  maririn  merely  com- 
plicates the  problem.  The  deposits  of  southern  Indiana,  Kentucky,  southern 
Illinois,  Missouri,  and  Tennessee,  so  frequently  occurring  on  the  uplands  ad- 
jacent  to  the  chief  valleys,  arc  distinctly  river  jrravel>.  and  these  deposits  are 
commonly  regarded  as  belonging  to  the  Lafayette  formation.  The  writer  is 
convinced  that  they  bear  some  dose  relation  to  the  more  wide-spread  upland 
depo^it<  oi  the  Gulf  embayment  area  known  as  the  Lafayette  formation  and 
to  the  recently  defined  Citronelle  formation  of  the  Gulf  Coastal  plain." 

The  topographic  situation  of  the  cherty  gravels  with  admixture  of  geodes 
and  quartz  pebbles  has  not  been  worked  out  over  wide  areas.  It  would  appear 
that  much  difRculty  is  encountered  in  distinguishing  the  original  deposits 
from  redepositions  of  the  same.  Future  studies  will  probably  reveal  two  or 
more  sets  of  these  gravels  which  have  been  in  the  past  assigned  to  the  Lafay- 
ette formation.  Certainly  these  gravels  are  of  utmost  importance  from  the 
physiographic  point  of  view,  and  when  the  rdationships  of  the  deposits  have 
been  worked  out  in  detail  and  proper  correlations  have  been  made,  the  physio- 
graphic development  of  the  Mississippi  Valley  area  will  be  much  better  under- 
stood than  at  present." 

•Chualicrnn  and  Salbbary.  GMtofy,  Vol.  III.  WuOt  Hiitorr.  It0«,  pp.  MI-SM. 

'"Shaw,  T>M-  riicK-<iw-  Hi>tory  ttt  Motrthern  mnd  Central  MlMiMlppi:  U.  8.  QmI.  8a nr..  Prof. 

Paper  108.  1!MH.  pp.  lia-lfl.t. 

"  Reciiil  work  on  !hr  i:i1h>  r  itulu-iv.  iiml  ila>r!ii-  IjiTnyitti-  il<p<»itii  has  nhown  the  un- 
M>tixriirti>ry  conilitinii  of  thin  h<i<lK«*-pi»l«<'  fortnwlion  in  i{c<»lojfical  litcraturf.  An  rxcrilent 
piece  or  work  by  C.  C.  Mataon  of  thi-  I.'.  S.  Ccol.  Surv.  ahowii  that  at  Iraat  the  Gulfward  margin 
of  the  LafaycUe  fonasUon  may  be  siven  dclinile  alataa.  and  hi*  dellmltaUon  of  the  Cltranelle 
fonuattoii  mark*  a  dtstlnet  etcp  toarards  tbia  end.  See  Mataon,  The  Plioecne  CHnnclle  Fom*- 
tlan  of  the  CKiM  Oowrtal  Phin:  U.  S.  Geol.  Surv..  Prof.  Paper  98.  1916.  pp.  IfT-lM. 

*  Little  MrfcHw  work  haa  heen  attentptcd  on  thcw>  KraveU.  Such  work  aa  has  been  done 
hni  hwn  of  rather  an  inridenul  natare  In  cwtneetfam  with  the  prooacntlon  of  other  work  la 
r^ifiuns  whi-rc  the  Kiavda  oeavri 
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Such  frraveli^i  assigned  to  the  Lafayette  formatioii  or  to  the  sapposedly 

pquivalcnt  livino  formation  of  Campbpll  occur  widtly  ovi>i'  Kentucky  and  the 
driftless  portion  of  southern  Indiana.  So  far  as  known  the  gravels  slope  down- 
ward eomewhat  in  accord  with  the  present  nraded  eounieii  of  the  streams. 
Thry  occupy  the  upland  surfaces  200  to  ■'•()()  '"cot  above  the  jiresent  streams. 
In  the  vicinity  of  Irvine  on  the  Kentucky  liiver  they  arc  at  an  elevation  of 
about  900  feet,  and  at  Frankfort  their  elevation  is  about  800  feet.  In  Harrison 
County,  Indiana,  near  the  Ohio  Kiver,  pr:ivcls  of  similar  character  are  735 
.  feet  in  altitude;  farther  down  the  river  at  Stephensport,  700  feet,  and  near 
Cannelton  and  Hawsville  somewhat  less  than  700  feet.  Along  Salt  Creeli 
one  mile  south  of  Hutrodshure,  Indiana,  the  ba.se  of  the  ^lavcls  in  place  is 
at  an  ultitude  of  720  ftet.  lU)\vn  stream  alonu'  White  River  in  the  vicinity  of 
Trinity  Springs  and  Shouis  in  Martin  County,  the  gravels  have  an  elevation 
of  700  feet  In  sonthem  Illinois  and  western  Koitvelgr  correlated  gravds  of 
similar  character  occupy  uplands  at  an  devation  of  500  to  560  feet, 

Ohio  River  Formation  of  Ashley. 

The  so-called  Ohio  liivcr  ioimaiion  of  Ashley"  offers  an  interesting  prob- 
lem relative  to  the  Tertiary  gravels.  This  formatimi  consists  mainly  of  loose 
■^aiid  much  cross-bedded  and  locally  containing'  white  quartz  pebbles.  In 
.southeastern  Harrison  County  it  forms  the  upper  part  of  BearwuUow  Uidge, 
and  in  section  28,  1  mile  east  of  Buena  Vista  (see  Kosmosdale  topographic 
sheet),  a  flection  was  obtained  by  the  v.  :i*(  r  howinn  a  thickness  of  nearly  80 
feet.  The  base  of  the  sand  here  rests  on  the  St.  Louis  limestone  at  an  altitude 
of  766  feet  The  sand  contains  pockets  of  day  and  at  the  base  water-deposited 
cherts  and  geodes  arc  much  in  evidence.  The  base  of  this  formation  ri.ses  to 
the  northward.  White  sand  is  present  in  the  old  road  at  an  elevation  of 
935  feet  on  the  west  side  of  the  prominent  hill  known  as  Locust  Point  adjacent 
to  the  Ohio  River  in  Sec.  12,  T.  4  S.,  R.  5  E.  The  hill  reaches  an  altitude  of 
y80  feet.  No  indication  of  the  sand  is  found  on  top  of  the  hill.  Farther  north 
ralatively  pure  white  sand  30  or  more  I'cet  in  thickne.«s  make.s  up  the  crest  of 
the  high  land  at  the  junction  of  Kloyd,  Clark,  and  Washington  counties.  The 
formation  has  an  elevation  of  !•()()  feet  or  sli^rhtly  more.  This  is  the  highest 
land  in  the  locality,  and  it  is  not  near  any  drainage  line  of  importance.  The 
drainage  radiates  from  the  locality.  Likewise  at  an  elevation  of  900  feet  or 
sliphtly  more,  the  same  formation  occurs  on  a  hit;h  prominence  two  miles 
southwest  of  Farabee,  Washington  County.  Here  the  base  is  a  cherty  con- 
glomerate,  while  the  upper  portion  is  mainly  loose  sand  very  much  croes- 
bedded,  and  reaches  a  thickness  of  approximately  .')()  feet. 

This  formation  in  Washington  and  Harrison  counties  is  an  important 
geological  formation,  and  deserves  attention  from  that  point  of  view.  It 
has  the  appearance  of  a  beach  formation.  A  thickness  of  50  to  80  feet  is 
locally  present  on  the  high  divides.  Evidently  the  thickness  has  been  much 
greater  since  its  position  and  the  topographic  condition  of  the  region  are  such 
that  erosion  is  rather  rapid.  Only  remnants  are  left.  Certainly  this  forma- 
tion cannot  be  correlated  with  the  chert  jriavels  which  occur  along  the  Ohio 
River  at  elevations  of  700  feet.    It  is  more  likely  that  the  formation  as  found 

"Asblqr.  Gralocy  of  tlie  Low^i-  Carbonlferau  Am  of  Soutlieni  ladfauw:  27Ui  Ann.  Kept. 

of  Ind.  Gi^jI.  .Su<a..  I'M  2.  i>i>.  AKn  Klli.".  A  .s..ii  .Siitvi'v  of  CiM-k,  Floyd  and  HurtoM 

Couatlw:  S2ad  Ann.  RcpL,  Ind.  (ut>l.  Surv.,  1907,  pp.  291-:!U&. 
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in  Harrison  and  Washin^n  counti&'i  is  a  source  of  the  polished  chert  gravel 
with  its  aeeompanyinir  gcodes  and  quartz  pebbles.  It  is  certainly  of  impor- 
tanrn  a.'^  a  prcolofncal  formation  in  addition  to  its  imperative  need  of  eonaiders- 
tion  from  the  physioerraphic  standpoint. 

Posrible  Correlations  and  Interpretations. 

The  highest  land  of  the  Norman  upland  and  the  eastern  edge  of  the 

Mitchrll  plain  has  been  indicated  as  foiTnirip:  remnants  of  the  early  Tertiary 
peneplain  and  correlated  with  tlie  Highland  liim  peneplain.  The  so-called 
Ohio  KiTer  formation  of  Ashley  rests  upon  and  forms  these  rannants,  and 
should  these  sands  ptovo  to  bv  of  I'ocrnr  ape,  the  ape  of  the  peneplain  would 
be  veriiied.  Should  the  formation  he  demonstrated  to  be  equivalent  to  the 
Pliocene  Lafayette,  not  only  would  the  highest  land  of  sotithem  Indiana  prove 
to  be  remnants  of  the  late  Tertiary  peneplain,  but  the  Lafayette  formation 
itself  would  certainly  find  strong  proof  of  having  been  deposited  during  a 
submergence  more  wide-spread  than  is  now  accepted  by  geologists.  The 
gravels  which  lie  on  the  uplands  adjacent  to  the  chief  drainage  lines,  as  along 
the  Ohio  River,  would  then  have  to  be  brought  forward  into  the  Pleistocene. 
Further,  an  even  more  extreme  hypothesis  may  well  be  entertained,  that  these 
sands,  bearing  much  evidence  of  marine  deposition  on  a  former  beach,  are  of 
Cretaceous  ape.  Certain  topographic  phenonirna  could  on  that  supposition  be 
far  more  isimply  explained.  Evidently  detailed  work  on  these  sands  is  im- 
perative, and  until  such  work  is  done  the  interpretation  of  the  physiogn^idiie 
devrlopmont  of  ■southern  Indin'M  :in(i  associated  regions  must  remain  uncer- 
tain and  based  on  grounds  largely  in.suthcient. 

The  previously  mentioned  poliriied  chert  gravels  with  rmmded  quartz  peb> 
bles  and  numerous  peodes,  frequently  of  large  size,  which  niay  be  seen  rest- 
ing on  the  upland  surfaces  adjacent  to  the  Ohio  River  and  at  many  places 
along  Salt  Creek  and  the  exist  fork  of  White  River,  are  very  probably  asao- 
ciated  with  the  uplift  which  brought  the  Tertiary  to  a  close.  They  may  have 
been  deposited  before  the  uplift  was  completed,  and  certainly  before  the  pres- 
ent valley  trenches  were  made.  The  topographic  condition  of  the  lands  with 
respect  to  the  streams  which  deposited  the  gravels  and  the  position  of  the 
coastal  waters  towards  which  the  streams  cnrried  their  burden  are  not  yet 
clearly  known.  These  gravels  may  be  seen  to  advantage  along  Salt  Creek 
on  Judah's  Hill,  one  mite  south  of  Harrodsburg,  where  a  deiwsit  25  or  80  feet 
thick  occurs.  The  base  nt"  tliis  deposit  i^  at  an  altitude  of  720  feet.  On  the 
cast  side  of  Salt  Creek  in  the  same  vicinity  the  gravels  occur  on  the  Harrods- 
hax^  limestone  at  elevations  varying  tnm  660  to  700  feet.***  These  deposits 
have  probably  been  redeposited  on  the  Harrodsburp  structural  plain  which  is 
so  prominent  in  the  locality.  Salt  Creek  N'alley  in  the  vicinity  of  Harrodsburg 
has  aa  altltade  of  500  feet.  .Acrain,  along  White  River  in  the  vicinity  of 
Trinity  Springs  and  some  tw  i  m  s  west  of  Shoals  in  Martin  County*  Hw 
gravels  are  in  place  at  an  elevation  of  approximately  700  feet.  Numerous 
patches  of  these  same  pravels,  redeposited,  occui'  at  lower  levels  down  to  the 
valley  of  White  River  itsdf.  White  River  heie  flows  in  an  entrenched  valley 
250  feet  lower  than  tlie  ^Mavcls  in  place.  Fuller  and  Clapp"  have  described 
a  deposit  of  bronzed  pravel  and  a.-isociated  red  sand  on  the  hills  north  of 

***M«lott.  Ptenation  Strcum  Pinqr:  Proe.  Ind.  Acad.  Sci.  for  1020,  p.  253. 
Mpatoka  FaUo  Now  84.  IMS.  U.  8.  OeoL  Saw. 
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Princeton  in  Gibson  County.  The  base  of  the  gravel  here  is  610  feet  A.  T. 
On  the  basis  of  topoKraphio  relationships  this  gravel  may  be  interpreted  as 
equivalent  to  Ashley's  Ohio  River  formation.  It  is  interpreted  by  Fuller  and 
Clapp  as  lyinK  on  a  monadnock  eminence  which  it  i.s  thought  may  reach  up 
to  tli«  early  Tertiary  |Mneplain  level.  The  writer  is  inclined  to  bdieve  that 
this  deposit  should  be  correlated  with  the  cherty  river  pravels  of  late  Tertiary 
age,  and  that  it  is  equivalent  to  the  deposits  near  Shoals  in  Martin  County.  The 
monadnock  on  which  the  deposit  rests,  under  such  an  interpretation  reaches 
up  to  the  late  Tertiary  peneplain  level. 

Ti  rt  iii.r  jf-I'Icistiicnir  I^plifl  and  VulU'ii  Ti  t  iirfiiiir/. 

The  most  prominent  common  topographic  feature  of  the  unglaciated 
regions  in  the  Mississipiii  Valley  Is  seen  in  the  valley  trenches  which  are 
everywhere  sunk  below  the  uplands.  The  trenched  rondition  of  southern  Indi- 
ana, unglaciated  Ohio,  Kentucky,  and  associated  regions  was  brought  about  by 
the  erosion  following  the  wide-sprmd  uplift  which  closed  the  Tertiary  and 
initiated  the  Pleistocene.  If  the  cherty  gravels  which  lie  on  the  uplands  near 
the  chief  drainage  lines  were  deposited  on  the  late  Tertiary  valley  land.s  and 
associated  peneplained  regions  at  the  close  of  late  Tertiary  denudational  pe- 
rio<l,  the  amount  of  the  uplift  at  the  close  of  the  Tertiary  would  equal  the 
difference  in  the  elevation  of  the  prravcls  in  hUh  and  the  bottom  of  the  valley 
trenches  where  the  condition  of  the  trench  is  such  as  to  denote  a  graded  condi- 
tion. In  Indiana  the  uplift  amounted  to  from  200  to  800  feet  But  it  is  apparent 
on  close  observation  that  this  total  uplift  was  not  attained  durin>r  one  uninter- 
rupted emergence.  Two  or  more  periods  of  uplift  are  thought  to  have  taken 
place.  Portions  of  the  Mitchell  plain  and  practically  all  of  the  upland  portion 
of  the  Scottsburp  lowland  and  local  areas  within  the  other  physiojrraphic  divi- 
sions of  southern  Indiana  are  developed  below  the  level  of  the  gravels,  yet 
they  are  high  above  the  valleys  entrenched  below.  These 'areas  have  all  the 
topographic  features  of  local  peneplains  developed  liy  -  iliaerial  denudation. 
Such  areas  are  usually  located  on  non  resistant  i-ocks,  the  weakness  of  which 
permitted  rapid  removal  of  their  material.  Frequently  local  areas  of  similar 
rharac-tt  ristics  and  at  similar  elevations  may  be  definitely  related  to  the  Struc- 
tural and  lithological  characters  of  the  rocks.  It  is  thoupht.  however,  that 
the  local  upland  plains  developed  below  the  cherty  gravel  level  mark  a  period 
of  crustal  stability  of  post- Tertiary  age  and  preceding  the  Illimrfs  glacial 
stafe.  That  such  a  period  of  local  pen^anation  took  place  has  only  recently 
been  recognized.* 

Earlff  Glaeiatian  and  Formation  of  the  Okh  River. 

It  is  quite  dear  that  the  advance  of  the  ice  sheets  which  moved  south- 
ward from  the  Canadian  repion  into  the  United  States  destroyed  or  deranped 
the  drainage  systems  previou.sly  developed.  Streams  which  flowed  northward 
had  their  lower  courses  obstructed  and  dcstooyed  by  the  ice  and  ito  burden 
of  till.  The  earliest  advance  of  Ice  across  the  present  position  of  tiie  St. 

*'  Mflliilt.  Valley  Tr<  (u)iin«;  und  Gradaliiiri  I'Uins  in  Southern  Indinna  Hi.  i  A  -n-latad 
Rpv'inns:  Sri.  S.  S..  Vol.  XI.IU,  p.  398.  Mar.  IT.  1916.  Callowny.  ficj|,  and  NbU  Res.  of  Kutlwik 
ford  Co..  Tcnn.:  Tcnn.  (ii'ol.  Surv..  Hull.  J.',  I'.MU.  pp.  17-LM.  Clrlaod,  A  VUUlOtent  PempWll 
in  Uie  CowUI  PUtn:   Jour.  Gcol..  Vol.  XXVIU.  pp.  702-7M.  1920. 
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Lawrence  into  Now  York,  Ohio,  nmi  Indinnii  undoubtedly  caused  violent  stream 
changes.  The  total  deiangcmcnt.^^  brought  about  by  the  aeveral  ke  advances 
down  to  the  Illinoin  irlaeial  stage  were  largdy  responsible  for  the  present 
system  of  the  Ohio.  It  ha>  b«n  shown  that  the  Ohio  River  is  essentially  a 
stream  skirting  the  outer  limits  of  the  advance  of  the  several  ice  invasions.** 
A  nnmber  of  formerly  northward  flowing:  streams  were  turned  westward  over 
the  low  places  in  intervening'  divides  on  account  of  the  blocking  of  the  lower 
portions  of  their  preglacial  courses.  ,  In  Pennsylvania  and  southern  Ohio  sev- 
eral of  the  preglacial  courses  are  quite  well  marked,  and  the  details  have  been 
described  by  Leverett,  Tight,  and  others.  It  is  evident  that  the  tiuitk  line  of 
the  present  Ohio  River  was  well  established  before  the  advent  of  the  third  or 
Illinois  glacial  stage."  The  e.stablishment  of  the  largest  tributary  of  the 
Mississippi  River  uIodk  the  southern  border  of  Indiana  in  the  place  of  a  much 
smaller  stream  has  been  of  consi<lcrahlc  importance  in  giving  rise,  as  previously 
described,  to  the  present  topographic  condition  of  southern  Indiana. 

There  is  some  question  as  to  the  size  of  the  preglacial  Ohio.  Consider- 
able diffrronre  of  opinion  cxi-ts  as  to  the  position  of  the  last  divide  over  which 
the  ponded  drainage  broke.  The  opinion  of  Leverett  who  has  studied  the 
question  in  its  broader  relationships  is  that  the  last  divide  was  near  Man* 
Chester,  Ohio»  some  seventy  miles  up  the  present  Ohio  River  from  Cincinnati." 
Such  an  interpretation  would  make  the  pre-glacial  Ohio  rise  near  this  point 
It  would  receive  the  Lieking  River  and  probably*  an  important  tributary  along 
tliL'  course  of  tho  present  Big  Miami.  After  a  drtour  by  Hamilton  somo  twenty 
miles  north  of  the  present  route  west  from  Cincinnati,  the  pre-glacial  Ohio  fol- 
lowed approximately  its  present  course  along  the  southern  border  of  Indiana. 
Pienneman."'  who  has  given  the  iiutstion  .some  study,  accepts  this  view  of 
Leverett.  The  writer  favors  the  view  of  Fowke,""  who  postulates  the  existenee 
of  a  major  divide  near  Madison,  Indiana.  Such  an  interpretation  would  place 
the  head  of  the  prc-glacial  Ohio  on  the  Muscatatuck  regional  slope  between 
the  Muscatatuck  River  on  the  north  and  the  Suit  Creek  of  Kentucky  on  the 
south.  It  presumes  that  the  Kentucky  River  turned  northeastward  in  the 
vicinity  of  Carrollton  and  flowed  up  the  course  of  the  present  Ohio  to  the 
mouth  of  the  Kif?  Miami  and  thence  northward  and  slit,rhtly  eastward  to  near 
Hamilton  where  it  was  joined  by  the  Licking.  The  route  then  continued 
northward  and  either  entered  the  pre-glacii>l  St.  Lawrence  or  turned  westward 
into  Indiana  where  it  connected  with  other  streams  to  make  the  pre-glacial 
valley  of  the  Wabajih  River  which  is  distinctly  discernible  as  a  valley  many 
times  larger  tiun  the  present  one,  in  the  vicinity  of  Lafayette. 

Leverett  and  Fenneman  object  to  Fowke's  intcrpi-etation,  chiefly  because 
of  the  elevation  of  the  bed-rock  floors,  a&  revealed  by  drillings,  and  the  width 
and  apparent  age  of  the  valleys  at  different  points.  The  chief  evidenee  of  tiie 
existence  of  a  former  major  divide  near  Madison  is  found  in  the  extreme 
narrowness  of  the  valley  and  the  non-dissected  land  a4jacent.  Femmmui 
admits  further  that  borings  made  at  Madison  and  at  Carrollton  reveal  m  bed^ 
rode  slope  to  the  northeast. 

••Leverett,  U.  S.  Cool.  .Suiv..  Monojjr.  II.  pp.  82-21!). 

I-eviTftt,   U.  S.   (mniI.  .Surv..   Mr>i<iiv^r.  41.   I!H'2.  RH-SJ. 
"•I^n.Mi:,    V-  S.   Ciol,   Siii'..,   M.itir.nr.  41.   I!>0:!,   pp.  Il«-118. 

Ki-nncmnn.    Ti <-«lacii«l   MiMini  and  Kentucky   Kivei-x:   Bull.  Geol.  Soe.  Anwr.,  Vol  26. 
1914.  p.  85. 

>-  Powke,  Bull.  D«ii«m  Univ..  VoL  XI.  1B9S.  pp.  1-10:  Ohi*  AauU  Bel.,  8p«efaU  Piuten 
No.  a.  IMS.  pp.  6S-7i. 
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But  there  are  three  lines  of  evidence  which  Leverctt  and  Fenneman  failed 
to  consiHer,  that  tend  to  support  the  interpiPtation  of  Fowke.  First,  general 
beveling  of  the  upland  :juri'ace  towurdt^  the  Keniucky  River  and  its  supposed 
continuation  from  Carrollton  northeastward,  has  taken  place,  whereas  in  the 
vicinity  of  Madison  whorr  the  former  dividi^  i>  po  stulated  absolutely  no  be%'el- 
ing  towards  the  present  Ohio  i.s  diticernible.  Further  south  on  the  small 
streams  such  as  Com,  Barehone,  Pattons,  and  Harrods  creeks  beveling  is  dis* 
tinctly  noticeable  nn  the  same  rocks  as  those  existinjr  at  Madison.  Where 
the  present  valley  of  the  Ohio  passes  across  the  Mitchell  plain  and  the  Craw- 
ford upland  the  beveling  and  broken  down  condition  is  noted  by  Leverctt 
Such  a  condition  furnishes  no  artrument  in  either  case,  except  as  it  furnishes  a 
contrast  to  the  condition  at  Madison;  and  this  arinies  in  favor  of  the  former 
divide  at  Madison.  Second,  cherty  gravels,  arc  present  on  the  bhilFs  above  the 
Kentucky  and  Licking  rivers,  and  similar  gravels  are  ]H-esent  above  the  Uttffs 
on  either  side  of  the  Ohio  River  some  distance  below  Louisville.  So  far  as 
the  writer  is  aware  no  gravels  have  been  found  alonp  the  present  Ohio  in  the 
vicinity  of  Madiaon.  The  gravels  are  so  abundant  next  to  the  Kentucky  River 
that  if  this  stream  pa.«!sed  the  vicinity  of  Madi-^^on  gravels  should  have  been 
deposited.  So  much  of  the  upland  i.-^  present  that  their  subsequent  removal 
would  be  less  Ifkety  than  akmg  the  more  broken  down  and  bevded  area  adja- 
cent to  the  Kentucky  River.  Third,  difTerentia!  deformation  is  not  j^iven  full 
consideration.  The  apparent-  rising  of  the  bed-rock  tloor  up  the  present  Big 
Miami  could  be  explained  on  the  assumption  of  post-gladal  upHft  at  the  north 
where  uplift  was  considerable.'"""  It  is  possible  also  that  the  Pleistocene  uplift 
was  somewhat  greater  on  the  Jessamine  dome  than  on  its  iianks  and  adjacent 
geosynclines.  The  post-trladal  uplift  at  the  north  combined  wilii  the  graatar 
uplift  of  the  Jessamine  dome  at  the  south  would  have  the  effect  of  aUowing 
the  route  of  the  present  Ohio  to  occupy  the  position  of  a  comparative  syncline, 
a  feature  which  is  suggested  in  the  broader  structural  conditions.  A  careful 
study  of  the  Tertiary  gravels  should  be  made  with  this  su(;)j;estion  in  mind* 
though  the  gravels  may  piove  too  meapre  to  jrive  (lefiinte  results. 

Further  it  is  tacitly  granted  by  both  Leverett  and  Fenneman  that  the  con- 
ditions at  Madison  denote  recent  drainage  changes.  It  is  difficult  to  conceive 
of  any  drainage  chanpcs  other  than  those  postulated  by  Fowke.  Certainly 
there  is  no  evidence  that  the  pre-gladal  Kentucky  River  followed  a  now  buried 
route  either  to  the  north  or  the  south  of  the  narrows  at  Madison.  Again  the 
full  .significance  of  the  present  upstj-eam  direction  of  a  number  of  the  tribu- 
taries is  not  appreciated  by  Leverett  and  Fenneman.  The  dip  of  the  rock  does 
net  favor  tiie  eastward  trend  of  any  tributary.  The  -westward  dip  in  itself  is 
in  part  .sufficient  to  explain  the  direc  tion  of  (hose  streams  which  tend  in  that 
direction  against  the  general  law  that  tributary  streams  tend  to  enter  the  main 
stream  In  a  downstream  direetion.  Considerable  adjustment  has  taken  place 
since  the  postulated  drainage  changes.  But  it  is  a  fact  that  a  number  of  the 
tributaries  of  the  present  Ohio  arc  conspicuously  oriented  in  an  up.stream  di- 
rection and  against  the  structural  conditions  of  the  region.  The  question 
might  well  be  aslced  why  a  single  one  of  these  tributaries  has  such  a  relation- 
ship. It  is  apparent  to  the  writer  that  the  evidence  of  a  former  divide  at 
Madison  is  of  the  same  nature  und  i.s  ju.st  as  ttechant  as  the  evidence  at  Man- 
chester, New  Martinsville,  and  other  well  established  former  divides. 

*M*aM  XWraUld's  Inbula  bmp  of  PMt^cial  apUft.  8ci.  M.  8..  VoL  47,  MIS.  p.  IM. 
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Vuili  ji  Filling. 

It  is  apparent  that  the  trenching  of  the  present  valleys  in  the  lower  Mis- 
sissippi region  and  for  some  distance  up  the  tributary  streams  on  the  lower 

portion  of  the  flanks  of  the  Ozurk  and  Cincinnati  uplifts  was  somewhat  deeper 
than  is  indicated  by  the  surface  of  the  present  flood  plains.  The  valleys  of 
southwestern  Indiana,  western  Kentucky,  and  .«;outhern  Illinois  are  iilled  with 
gravels  and  sands  to  a  doj)tli  of  litO  to  200  feet.  Most  of  the  valley  filling 
probably  took  place  some  time  before  the  Illinois  jjlacial  stajje,  thou^'h  no  ilouht 
some  valley  filling  was  associated  with  both  the  Illinois  and  Wisconsin  glacial 
stages.  Veatdi*"  kas  shown  that  the  lower  Misslsrippl  rtf^  was  filled  from 
150  to  200  feet  in  depth  over  wide  ait  as.  The  vallcy*fill  deposits  of  the  lower 
Mississippi  valley  have  been  named  the  Port  Hudson  deposits  by  Veatch.  He 
infers  that  the  Port  Hudson  deposits  belong  to  the  early  half  of  the  Pleistocene^ 
These  deposits  have  hren  partly  removed,  but  are  still  150  feet  thirk  at  Vicks- 
burg  and  175  feet  at  the  head  of  the  present  delta  near  the  mouth  of  Red 
River. 

This  period  of  valley  filling  may  be  definitely  associated,  flrst,  with  de- 
pression along  the  axis  of  the  lower  Mississippi,  second,  with  the  earlier  glacial 
flood  waters  and  their  associated  burden  of  material,  and  third,  with  coastal 
extension  in  the  Gulf  of  Mexico.  The  relative  importance  of  these  three 
physiographic  factors  instrumental  in  valley  fillinj;  is  difTicult  to  evaluate, 
but  their  importance  as  responsible  factors  in  valley  tilling  in  the  lower  Mis- 
sissippi and  adjacent  regions  most  be  rect^pnixed. 

Certainly  depression  has  taken  place  in  southwestern  Indiana,  western 
Kentucky,  southern  Illinois,  and  southward  to  the  Gulf  of  Mexico.  Valleys 
everywhere  upon  approach  to  this  region  are  built  up  above  their  bed-rock 
floors  with  sands,  -ilts,  and  tiraveis.  \'alley  filling  independent  of  fjlaciation 
becomes  evident  in  the  western  half  of  the  Crawford  upland,  and  at  its  western 
margin  becomes  a  distinct  and  diaraeteristic  topographic  feature.  Direct  evi- 
dence of  warping  may  be  sought  for  in  the  comparative  altitude  of  the  cherly 
gravels  assigned  to  the  late  Tertiary.  As  ytt  this  line  of  evidence  has  received 
littie  study.  It  is  known,  however,  that  these  gravels  in  the  middle  and  eastern 
part  of  the  Crawford  upland  have  an  » ]*  vation  of  700  feet  or  .slightly  more. 
In  the  vicinity  of  Tell  City  and  Trey  they  ~h<jiiid  he  somewhat  lower,  as  valley 
filling  is  quite  evident.  Anderson  Creek,  markinvr  the  boundary  line  between 
the  Crawford  upland  and  the  Wabash  lowland  in  its  lower  course,  oeenpies  a 
prominently  fillef!  valley.  Its  broad  flat-bottomed  valley  with  the  half-buried, 
abrupt  bluffs  and  slopes  is  conspicuous  as  fur  as  the  northern  line  of  Perry 
County.  Other  streams  in  southwestern  Indiana  flowing  through  the  western 
half  of  the  Crawford  Uplaiul  into  the  prominently  valley-filled  Wabash  low- 
land also  show  a  similar  condition.'"  It  would  appear  that  the  warping  must 
have  begun  in  this  zone  and  the  region  to  the  west  has  become  distinetiy  de- 
pressed. The  Tertiary  gravels  in  southern  Illinois  and  western  Kentucky  have 
an  altitude  cf  500  to  bbO  feet,  having  descended  from  an  altitude  of  al)out  700 
feet  in  the  \ieinity  of  Rome,  Perry  County,  where  they  cap  the  bluifs  adjacent 

Vwitoh.  r.  S.  (,<  <A.  Surv..  Prnf.  Pnii.  r  16.  10116.  pp.  1«.52. 
'  ■' The  <i>r  ;  ,iM   l/<t\vicn  the  jiml  -tn  tini  rf>n<)it inn-s  of  thi    Wat>n«h  IxvAlund  ud  the 

province*  on  t  c  cast  has  tKt-n  Hiwrib«<l  Ui  il«-|irt-i»inn  '  ti  Ihi*  wot  by  Ashley,  Utvlosy  of  tht 
Lower  OBftanifcroni  Area  of  Soatbcrn  Indfaum:  Z7th  Ann.  Rept.,  Ind.  CScoL  Surv.,  ItOS.  pik 
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to  the  river.  Further  study  of  the  gravels  should  be  made  with  reference  to 
the  warpinir  of  fhe  surface  upon  which  they  are  located. 

Several  lines  of  evidence  indicate  that  placial  flood  waters  were  an  im- 
portant factor  in  bringing  about  valley  filling  in  the  lower  Mississippi  and 
associated  reinons.  First,  the  materials  which  make  up  the  ▼aUey-flU  are 
definitely  related  to  the  glacial  debris  discharfjed  from  the  north.  The  Port 
Hudson  depot'its  of  Veatch  in  the  Lower  Mississippi  are  themselves  highly 
calcareous  silts  wholly  in  kcepingr  with  the  rock-flour  discharged  from  the 
facial  mill  at  the  north.  The  materials  in  the  valleys  adjacent  to  the  drift 
covered  areas  contain  pebbles  and  sand-  which  have  been  carried  by  waters 
discharging  from  the  drift  deposited  by  the  ice  sheet.  The  chief  water  routes, 
such  as  the  upper  Mississippi,  the  Wabash,  and  the  Ohio  Hiver  valleys,  were 
built  up  by  valley  train  mateiial  deposited  by  the  glacial  floods.  These  valley 
trains  caused  ponding  of  the  side  streams  in  the  unglaciated  areas.  This 
ponding,  due  to  valley  trains  and  tiie  high  waters  of  the  glacial  floods,  gave 
rise  to  extensive  lake  systems,  such  as  have  been  described  by  Shaw,"^  related 
in  particular  to  the  last  glacial  stage.  Veatch"^  has  called  attention  to  the 
difference  in  height  of  the  banks  of  the  Mississippi  and  the  Ouachita  rivers 
in  the  latitude  of  the  Arkansas-Louisiana  line.  The  top  of  the  Mississippi 
banks  is  112  feet  in  altitude,  while  those  of  the  Ouaduta  are  but  63  feet.  A 
small  part  of  this  is  ascribed  to  a  recent  fault.  The  100-foot  contour  line 
passes  up  the  Talley  of  the  relatively  small  Ouachita  some  70  or  80  miles  be- 
yond the  northern  line  of  Louisiana,  and  in  an  equal  valley  distance  up  the 
Mississippi  the  elevation  of  the  valley  of  the  Mississippi  is  160  feet.  This 
condition  of  greater  stream  gradient  and  much  higher  elevation  of  the  Mis- 
sissippi with  respect  to  the  rather  insignificant  Ouachita  is  evidently  the  result 
of  the  greater  silt  burden  which  the  foi-mer  stream  has  carried  in  the  past 
and  is  still  carrying.  The  Ouachita  has  never  been  subjected  to  glacial  floods 
with  their  associated  bin  den  nf  silt,  such  as  have  repeatedly  deluged  the  Mis- 
sissippi. Thus,  the  glacial  floods  of  silt  and  sand  laden  waters  have  been 
of  oonsideTaUe  importance  in  valley  Ailing. 

Coastal  extension  in  itself  has  been  of  some  importance  in  increasing  the 
depth  of  valley-hll  material  since  the  beginning  of  the  Pleistocene.  The  Gulf 
coastal  plain  has  grown  notably  since  the  beginning  of  the  Pleistocene.**  East 
of  the  mouth  of  the  Mississippi  the  incrcn-^cd  width  of  the  coast  plain  is  not 
great.  In  the  vicinity  of  Mobile  recent  local  depression  has  counterbalanced 
the  effect  of  the  Pleistoeene  depoeitn.  A  strip  some  2S  miles  in  width  has  been 
added  to  the  coast  in  the  vicinity  of  the  mouth  of  Pearl  River.  The  delta 
of  the  Mississippi  has  extended  the  coastal  plain  approximately  125  miles  since 
the  beginning  of  the  Pleistcemc.  The  river  at  present  flows  aeross  this  delta 
obliquely  in  a  straight-line  distance  of  approximately  200  miles  and  a  river 
distance  of  over  .'500  miles.  The  Pleistocene  coastal  extension  westward  from 
the  delta  of  the  Mississippi  amounts  to  approximately  70  miles  in  the  vicinity 
of  Houston,  ao  miles  at  Corpus  Christi,  and  60  miles  at  the  month  of  the  Rio 

'"Stow,  Mewly  DiM^nvcred  Beds  of  KsUnct  Imkem  in  Soottwrn  and  Western  IIIIboU  and 
AdJneoit  SUUei  Bull.  20.  lU.  8Ute  Gcol.  Surv„  IMS. 

***  Vcateh.  U.  8.  GeoL  Surr..  Fmf.  Paper  4*.  190$.  pp.  U  and  U. 

>*S«e  Geoioffie  Map  of  North  America  by  Bailey  WitlU:  U.  S.  Oral.  Surv.,  Prof.  Paper 
71.  1912.  PI.  I:  Matiinn.  Th«-  Pline»nc  Citronrlk"  Furmatlon  of  (he  Gulf  Coartal  Ptaia:  U  .8. 
Gcol.  Surv.,  rrnf.  Piincr  9s,  and  Shaw.  Th<j  riino-ne  History  of  Nortliera  and  Central 

MlHlMlppi:  U.  S.  Gcol.  Surv..  Piof.  Paper  lOS.  1918,  i>.  157. 
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Grande  River.  A  large  part  of  the  Pleistocene  material  added  to  the  coastal 
plain  no  doubt  has  been  contributed  by  the  Mississippi  River. 

The  extension  of  the  coa.st  by  the  prcat  ;j;i  o\vth  of  dtpo-'its  at  the  mouth  of 
the  Mississippi  is  directly  related  to  the  problem  of  valley  filling.  The  mouth 
of  the  Mississippi  near  the  befrinninp:  of  the  Pleistocene  was  probably  in  the 
vicinity  of  the  pii.-rnt  mouth  of  Red  River  or  near  the  present  head  of  the 
delta.  Here  the  river  once  debouched  its  waters  directly  into  the  Gulf.  This 
same  point  is  now  built  up  approximately  50  feet  above  the  level  of  the  sea. 
This  former  sea  level  position  was  slowly  built  up  as  the  ddta  advanced  into 
the  Gulf.  While  the  upbuildinjr  of  the  delta  head  wa.*;  .slowly  taking  place 
the  graded  portion  of  the  valley  upstream  from  the  delta  was  correspondingly 
raised.  The  valleys  were  ondonbtedly  in  a  mraded  eonditicm  well  into  south- 
western Indiana  whore  valley  filling  iy  now  i<o  evident."*  Soch  coastal  exten- 
sion as  has  occurred  at  the  mouth  of  the  Mississippi  with  an  upbuilding  of  its 
delta  head  of  50  feet  would  bring  about  valley  filling  in  the  graded  portion  of 
valleys  above  by  an  amount  approximately  equal  to  50  feet,  provided  other 
conditions  have  remained  the  same.  Undoubtedly  the  delta  extension  of  the 
Mississippi  River  has  contributed  materially  to  valley  Ailing  in  southwestern 
Indiana  and  assoeiated  regions.****  « 

Illinois  (ll<iri(il  Stage. 
General  Influence  of  the  Earliest  Gluciation. 

It  i.-;  not  known  poj-itivL-ly  that  either  of  the  first  two  recofrnized  ice  ad- 
vances of  the  Plci.stoccne  period  came  into  the  Indiana  region.  Both  the 
Nebraslian  and  Kansas  ice  sheets  locally  advanced  modi  farther  south  than 
the  latitude  of  northern  Indiana,  and  it  i-;  (Hiite  likely  that  one  or  both  of 
these  earlier  ice  sheets  advanced  far  enough  south  to  enter  the  Indiana  region. 
The  possible  existence  of  pre-Illinoian  till  has  been  discussed  by  Leverett^  and 
Puller."" 

The  earliest  ice  sheet  no  doubt  advanced  over  a  dissected  upland  surface 
very  similar  to  that  in  the  driftless  area  of  southern  Indiana.  Such  a  con- 
dition is  rtvealed  by  the  local  outcrops  of  bed-rock  and  by  well  records  in 
middle  and  northern  Indiana.  Locally  the  glacial  drift  covers  the  bed-rock 
surface  several  hundred  feet  deep  yet  within  a  short  distance  the  drift  cover 
may  be  a  few  feet  thick  or  bed-rocl(  may  be  exposed.  Where  the  drift  cover 
is  deep  old  pre-j,dacial  draina>je  lines  are  indicated.  Some  of  the  old  drain- 
age lines  are  of  coii.^idfrable  width,  while  other.^  aie  (|uite  narrow  or  gorpe-like. 

'-MMliilt.  Th.-  Aiiuiiiun  H(  tti  iM>.  K<i,'i>ii>  nf  Knr'U-in  Ckchc  Cnutity,  IndiKna:  Ind.  Univ. 
SUldie<t  No.  10.  IHIli.  i>t>.  J>>-:<l. 

Since  the  above  was  written  an  article  by  Mr.  Frank  Li«verctt  baa  appeared  in  the 
Jour.  GmI.,  Vol  »,  IMl.  pp.  616-626,  cttUtled  "OutBM  of  Plahtmnin  Mbtory  of  HlMtaalppl 
Valley,"  wUcfi  aaeribea  valley  llllinc  In  tlw  Mi«iaiippl  valley  dcllnitaly  to  the  Icngthcnlns  of 
the  tower  cevm  of  Um  MiaalMippI  River  by  delta  baildlnir  and  to  the  elossMd  eonditlon  of 
the  MisftiKiiippi  and  Miaaouri  rt-i^ultin);  from  xlarial  outwii.oh  iirul  to  their  praaoit  irri-Ht  silt 
burilrn.  These  two  caunn*.  Mr.  I.i'vrnlt  mi>».  iiri'  MilTicicnt  to  Hccount  for  the  full  Hiffpri'iin- 
h.iwi-.ti  thv  Icvtl  i.f  th.  iiH-k  li.'l  :umI  till  l<\i!  ..f  thi-  luiMTit  rivtr,  HHft  that  there  ia  no 
need  for  poatulatini:  iliiot  ruphic  in<ivi-ni<  nt.  The  idchs  which  Mr.  Levontt  uxeii  were  evidently 
auSSCttcd  to  hini  by  the  dineuNiiion  of  th(»o  two  chiisps  nf  valley  Allinn  by  the  writer  in  Ma 
papw  on  the  "American  Boltoma  Rcjdon."  Ind.  Univ.  Studiea  No.  40.  l»t»,  pp.  M-M. 

***  Leverctt.  U.  8.  Ccol.  Snrv..  Momcr.  IS.  ISN.  p.  10». 
Fuller,  Ottncy  Folio  Na  S4,  U.  8.  OWl,  Surv^  ISM.  p.  t. 
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Not  much  is  known  as  to  the  alignment  and  direction  of  former  flow  of  the 
pre-glacial  streams  in  the  middle  and  northern  part  of  the  state  where  the 
drift  is  dt'i  p  No  systematic  study  of  well  records  has  been  made  over  wide 
areas  in  Indiana.  Locally,  however,  some  features  of  the  pre-glacial  drain- 
age lines  have  been  determined."* 

If  is  likely  that  the  Illinois  ice  sheet  spread  farther  than  any  earlier 
ice  iiheet  in  the  Indiana  refpon,  and  was  the  first  ice  sheet  to  advance  over 
certain  parts  of  the  previously  vniiiilariated  topofn'aphy.  Such  an  advance  of 
any  itc  sheet  must  have  destroyed  and  buried  under  its  till  practically  all  of 
the  minor  drainage  lines  over  which  it  passed.  The  Illinois  ice  .sheet  may  be 
r^rded  as  having  passed  over  a  normally  developed  pre-glacial  topography 
in  southern  Indiana. 

The  Illinois  drift  .sheet  beyond  the  Shelbyville  moraine  of  the  Wisconsin 
glacial  stuKe  covers  an  area  of  7,200  square  miles  in  southern  Indiana.  4,100 
square  miles  of  the  Illinois  drift  surface  in  .southwestern  Indiana  be- 
longs to  the  we.stern  section  of  the  Ulitidis  diift  covered  area,  and  3,100 
s:|uare  miles  in  aoutheastern  Indiana  belongs  lo  the  ea.slein  .section.  The.se 
two  drift  covered  sections  are  separated  by  the  driftless  area  of  southern 
Indiana.  The  diift  vaiies  in  depth  over  this  surface  from  practically  nothing 
where  it  has  been  removed  by  subsequent  erosion  to  a  depth  of  over  lUO  feet. 
On  the  average  it  is  perhaps  les?  than  2.5  feet  in  depth  over  the  greater  part 

of  the  lUinoian  drift  covere  d  area."  The  decjir-r  drift  occupies  the  pre->flacial 
valleys.  Much  of  the  drift  covered  portion  of  southein  Indituia  is  exceptionally 
fiat,  still  exhibiting  the  characteristics  of  a  featurdees  ground  moraine.  Rarely 
does  ridged  drift  occur.   The  margin  of  the  Illinois  drift  sheet  may  be  said  to 

■'  Krr  thv  ihirkiKS'.  of  t'.u-  :;lnciill  drift  in  Indlttni  ntld  dits  b  arin::  i>:i  proxtaclal  valleys 
n«w  Ulcd  with  drirt.  aev  tht  follciwins:  LrwntU  MonoRr.  S8,  U.  S.  GeoL  Surv.,  IStS.  p|>. 
27.  S.'>?0.  1SS-S««.  2S7.  SU  Mid  SM:  Monoiir.  41,  U.  8.  Cnl.  Bar*.,  mt,  pp.  MLXST.  SSMtt. 

:t:u-::!2.  4R4-4R7.  Ii03>505.  (1S422.  SSC-SSI  and  6TT-S78:  MCMSr.  iS.  U.  S.  Gcoi.  Surv..  1916. 
i>|..  ti6-<iD.  8t-K2.  lACIOS.  127-128.  I33-1SB.  140.  148.  Kl-lSS.  170.  17S  and  217:  Natural 

Qaa  Btninr-  :'i  In<tiiinii:  Ani.i.  f  m-ipI.ikIsI  .  Vnl.  IV.  IS!*!).  |.|..  «.21  •  Pniriarinl  Vnllcyx  of  the 
MiMN^i  lipi  i<  <l  ~  Ti  ibutiti  H  :  Joui  .  (Ji'ol..  Vnl.  III.  lN(>'i.  |i|>.  7H-74R  anil  756-75";  Welln  iif 
N  lihiTn  IiKtinnii:  U.  S.  Wiiln  .Su|i|.|y  |.,.|M  r  No.  21.  IHHit  :  W.-lln  of  .Snutbcrn  Indiana:  U.  8. 
Water  Supply  i>ai>c-r  No.  26.  ISflft.  litntehler,  £rosion  of  Sntall  Baaina  in  Northweatem  Indiana: 
A.-ncr.  GculnKixt.  Vol.  Xn.  lltt.  pp.  Sl-69.  Bmnfdter,  A  Deep  Pr»«tocinl  Chnimel  In  WMtera 
Ohio  and  £astcrn  Indiana:  Amar.  Gml..  Vol,  XXIII.  ISSS.  pp.  I7S-t8S.  Jfoorr.  Glacial  nnd 
PivirtacM  Eroaion  In  the  VIrinUy  of  Riehmond.  Indiana!  Proc.  Ind.  Aead.  Sei.  for  1892.  p.  27. 
firm.  The  rrcKlncml  Vnllcys  of  the  Upper  Mi»itisnip|>i  Hn<l  its  Eawtorn  Trihutarim:  VvtM\  Ind. 
Acad.  Sfi.  fnr  l'.Hi\  l>i>.  :t:i5.H5-!.  fhf/f  r,  Wnhnrh  Slmlii--:  Rnrrixm  Vnllcy.  f'nr' c  County.  It;- 
'llnnN;  I'mc,  Ind.  Aoml.  Sri.  I'm  \;>]z.  \>\'.  _'>iii-JIJ.  NiiniirnUK  nftrtjiprs  un  in;Lilr  to  (he 
thi«•l.n<•r^  of  ihi'  Klm  iiil  tliift  rinil  (hi>  iKcurri'ncf  of  |m r"'.;!!!!'!!!!  Mtlleya  in  IndianH  in  i' c 
vnriojij.  ri|ioii-  of  thf  Inil.  H'-il.  Surv.,  an  fiillow^:  Fifth  .\riii.  Rept..  1879.  p|».  1M-15>6; 
Seventh  Ann.  Rcpl..  1876.  pp.  »4-96,  129-ISO.  196-I96;  Tenth  Ann.  Rrpt..  18.8.  pp.  206>2e7: 
Eleventh  Ann.  Rcpl..  ISBI.  pp.  SS^.  92.98:  Twelfth  Ann.  Kept..  ISS8.  pp.  S1-S7.  M-S7. 
91.9S.  l6tt>lSS:  Thirtecnih  Ann.  Kept..  1883.  pp.  lOO-lOS:  Fourteenth  Ann.  Rept..  1884.  pp. 
8.«»-57.  170:  Fifteenth  Ann.  Rept..  18S6.  pp.  76.78.  87.D6.  16'i.l7S.  2«8.  2ri!».  2l2-22« :  Sixtwnth 
Arn,    r!.  |.t..    ISK-..    rr>.    21.   ;t2-37.    ITK,   2.t;t.2fifi  :  S«'v.  iilri  [•  I  v    Ann.    Itri.t..    IK'M.  2S«.2«» : 

Ki«ht.i  nlh  .Vnn.   IC-  pl..  1S!>:1.  |»|>-  i^.  22-'-J"i."i  ;  Nim  l ii  nl  t  ,\iin.  Ri'|il..  I>*m.  i>|i.  .11-39; 

Twonly-lirit  Ann.  K.>i>!..  pp.        -ri .S 7  ;  Tw<-niy-t hinl  .Ann.  Ri  |>t..  ISHS.  pp.  S2-81.  1H;1-!H4, 

196.  216-217.  2:<i>.  2H«,  300.  3S)H.  473.  474,  &19-&20.  661.  687-«88.  768*76».  8»5,  8U3.  818.  9<«. 
lOM.  1168:  Thirtieth  Ann.  RepU,  IMS,  pp.  IfS.  24S.  2S1.  S6»i460.  SS9.  44«.  684.  671.67S. 
sn>687.  699.  638.  842.  SSS.  BS4 :  Thlrty-fattrth  Ann.  Kept..  1909.  pp.  17-18.  ICS:  Thirt3Mdxt:i 
Ann.  Rept..  1911.  pp.  17.  87.  76.  8S,  2R7-284.  267-!88.  284.  294.  S2S:  Thlrty^aevcnth  Ann.  Rept„ 
iai2.  pp.  inn.  iti.  ist.  jsn.  lmt.  2:.).  .Ti:t:  Thiny-ninth  Ann.  Rept..  1914.  pp.  67,  16S: 

Fortieth  Ann.  Ri-pt..  11M5.  jt|i.  12-16.  G».  HT.,  123-124.  171,  2«6. 

M'Sec  ptotc  IV,  Monoffr.  68.  V.  &  Gcol.  Surv.,  1916. 
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possess  little  01-  no  evidonc?  of  n  tomiir.al  morninc  in  Iri<'iiiiiii.  Much  of  tho 
margin  is  composed  of  fluviatile  maUrial  which  is  much  more  evident  than 
the  attenuated  edge  of  the  till  sheet  itself. 

The  Illinois  Glacial  Boundary. 

The  Illinois  ice  she(>t  covered  all  of  Indiana  with  tho  exception  of  about 
6,21)0  square  miles  in  the  southern  middle  portion  uf  the  state.  The  (glacial 
limits  were  first  mapped  by  Wri|e;ht"'  and  later  and  more  uccuruteiy  by 
Leverett.*"  The  ice  Umits  as  >-ho\vn  en  the  physiographic  and  Khicial  map.s 
iiccompanyiriK'  this  report  dilTer  from  Leverctt  to  a  considerahle  extent  locally. 
The  i^laciul  boundary  as  it  appears  on  the  maps  is  based  on  the  actual  pres- 
enee  of  glacial  till.  Oatwash  and  lake  dlts  directly  associated  with  the  prox- 
imity of  glacial  ice  extend  loonlly  biyond  the  boundaiy  line  as  drawn.  Such 
deposits  are  extra-glacial  and  areas  covered  by  them  without  direct  evidence 
of  the  presence  of  glacial  ice,  have  been  excluded  from  the  glacisted  area. 

The  configuration  of  the  outer  limit,  of  the  Illinois  glacial  materials  indi- 
cate that  two  great  ice- lobes  reached  into  southern  Indiana  and  adjacent 
regions.  The  great  ice-lobe  on  the  west  extended  farther  south  than  any  pre- 
vious or  subse  juent  ice  sheet,  reaehiiiir  the  southern  part  of  William.son  County, 
Illinois,  some  10  or  15  miles  south  of  Marion.  This  great  lobe  has  been  named 
and  described  in  detail  by  Leverelt  as  the  Illinois  glacial  lobe.'"  The  Illinois 
glacial  sta^fc  has  received  its  name  from  this  roost  extensive  and  largest  of  the 
known  Pleistocene  ice-lobes. 

From  southern  William.son  County,  Illinois,  the  boundary  of  the  Illinois 
tee  sheet  passes  east  and  north,  cro.ssing  the  Wabash  River  near  the  middle 
of  Posey  County,  Indiana.  The  boundary'"  continues  cast  and  north  to  near 
Princeton  in  Gibson  County,  and  then  more  easterly  to  southeastern  Daviess 
County;  thence  north  along  the  western  line  of  Martin  County,  through  eastern 
Greene  County  to  sfiuthoa.strrn  Owen  and  northwestern  Monroe  counties.  In 
northern  Monroe  and  Brown  counties  the  Illinois  ice-lobe  becomes  a  portion  of 
the  main  ice  sheet,  or  overlaps  or  is  overlapped  by  a  probably  contemporaneous 
ice-lobe  whose  western  boundary  extends  southward  along  the  Knobstonc 
escarpment  to  the  vicinity  of  JeiTersonville  in  Clark  County.  Just  north  of 
Jeffersonville  the  margin  of  this  eastern  dividon  of  the  Iltlnois  drift  sheet 
turns  northeastward  and  follows  the  Ohio  River  for  about  2.'i  miles  to  north- 
eastern Clark  County  where  it  crosnes  the  river  into  Kentucky.  As  mapped 
by  Leverett  the  .southern  margin  remains  in  Kentucky  keeping  a  few  miles 
south  of  the  Ohio  River  to  a  point  u  short  distance  up  the  river  above  Cin- 
cinnati where  it  crosses  and  enters  Ohio. 

The  glacial  boundary  as  indicated  on  the  maps  accompanying  the  present 
report  is  notably  diffetent  from  Leverett's  bonndary  line,  especially  in  sooth- 
eastern  Indiana.  In  the  broad  valleys  of  Whi'e  and  Muscatatuck  rivers  drift 
masse?  are  rare.  The  writer,  however,  on  examining  the  gravels  on  the  side 
of  the  bluff  in  the  vicinity  of  Millport  Kno}>s  in  northern  Washington  County 

Bolt.  Sfl.  U.  a.  flMi  ftirvM  ISM.  ».  <E. 

■■'Monuitr.  SM.  u.  S.  GmL  Svrv..  teii'i.  |,iat.  s  VI.  VIII  Rnd  IX:  Monowr.  43.  U.  S.  G«ol. 
Surv..  IHl  2.  iilatc  II  :  Mnnovr.  53.  Tt.  fl.  (;<^>l.  Siii  v..  pi.  VI. 
l..-\i  r.tt.  I'.  S.  Surv..  Monour.  :tH.  1S1>8. 

"*  I1ic  till  and  aiuDciaU-d  Klacift-fluviatilc  dcpoaita  have  been  mapped  in  tlrtaU  itaulh  of 
White  River  in  MVtliwctteni  Indiana.   Sw  DHncy  and  Patoka  FUloa.  U.  8.  Gcoi.  Snrv. 
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a  sliort  distance  above  the  mouth  of  the  Muscatutuck  River,  fouiul  that  the 
Kruvel  deposit  was  underlain  by  saveral  feet  of  glacial  till  in  a  highly  decayed 
state.  Larise  granite  and  schist  boalders  were  decayed  to  their  centers.  The 
till,  while  havinir  tho  appearance  of  hviw^  much  older  than  the  Illinois  till, 
has  been  corrdated  with  the  iUinoian  stage.  Its  identifteation  at  this  position 
on  tho  north  facing  hhiffs  fioath  of  the  Muscatatncic  River  furnishes  the  basis 
for  drawing  the  ulacial  boundary  approximately  at  the  foot  of  thi-  Knohstone 
escarpment  in  this  locality.  It  is  apparent  that  the  tops  of  the  Brownstown 
Hills  south  of  Brownstown  were  not  entirely  covered  hy  the  irlacial  ice,  but 
were  probably  surrounded  by  it  for  a  time.  It  would  ai)pear  that  the  Knob- 
stone  escarpment  furnished  a  barrier  over  which  the  glacial  ice  did  not  pass; 
but  this  escarpment  was  an  effective  barrier  most  likely  because  the  ice  had 
already  approximately  reached  its  limit.  That  it  would  deploy  down  the 
wide  opcriin^-  of  the  White  and  Muscatatucic  rivers  in  southern  middle  Jack- 
son County  should  cau-se  no  surprise. 

It  is  quite  possible  and  even  probable  that  tho  grlaeial  ice  for  a  short 
time  advanced  farther  in  noi  thoastcrn  Drown  and  wt'stcrn  Hartholomow  coun- 
ties than  is  shown  by  the  limits  of  the  map,  which  here  follows  substantially 
Leverett's  latest  map  of  the  trlaeial  boundary.*^  Boulders  of  large  sise  are 
fre;|U(ntly  to  bo  seen  south  and  west  of  the  line  as  drawn  in  that  localityi 
though  no  typical  till  has  been  observed  by  the  writer. 

Drainage  Derangements  Near  the  Drift  Border. 

The  drainage  of  the  driftless  area  of  .southern  Indiana  was  locally  notably 
modified  during  the  Illinois  gladal  stage.  "The  ioe  of  the  Illinois  Glacial 
Epoch  pushed  in  from  the  west  and  northwest  upon  the  drainage  systems 
leading  toward  it  on  the  one  hand,  and  on  the  other  it  pushed  in  from  the 
east  and  north  down  the  drainage  tyvtems  leading  away  from  it  Thus,  there 
are  only  areas  of  inconsiderable  size  entirely  immune  from  the  influence  of 
the  Illinois  Glacial  Lobe  in  southern  Indiana.  Any  particular  area  must  be 
considered  with  respect  to  its  rdation  to  the  particular  glacial  flank  controlling 
its  modification  ... 

"It  may  be  noticed  that  the  glacial  ice  advancing  from  the  west  and  north- 
west vigorously  over-rode  thm  pre-glacial  valley  of  the  west  fork  of  White 
River,  having  crossed  it  everywhere  almost  at  right  angles,  and  that  it  ad- 
vanced several  mil<»t  beyond,  going  somewhat  farther  to  the  .south  than  to 
the  north.  In  transgressing  somewhat  Iwyond  the  pt^glacial  White  Uivcr 
valley,  it  advanced  up  the  drainage  lines  coming  in  from  the  east,  blocldng 
them  very  effectively  at  the  time  with  ice  nnd  ice-hornp  material.  This  con- 
dition of  blocked  drainage,  which  in  a  number  of  instances  persisted  after 
the  ablation  of  the  ice,  is  everywhere  in  evidence  along  the  former  position  of 
the  ice  front.  Streams  in  a  number  of  cases  follow  their  pre-glacial  courses 
to  near  the  position  of  the  ice  front  and  then  change  their  courses  to  some 
position  that  gave  a  favorable  outlet  to  their  waters  previous  to  the  melting 
of  the  i(  I  Others  persist  to  the  White  River  Valley,  .showing  only  the  effects 
of  the  temporary  blocking  of  their  courses.  The  smaller  pi-e-glacial  streams 
or  ravines  back  of  the  position  of  the  ice-front  were  for  the  most  part  obliter- 

M*Lc«erctt.  U.  S.  (ivol.  Surv..  Monour.  M,  U»ir..  HL  VI.  Th«-  limit  of  tliift  in  lin.wn 
Caanty  u  icImb  on  pMe  S20  of  the  tat  lUverscs  eonaidanfalr  trma.  tlwt  diown  on  phte  Vt. 
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ated  by  the  over-riding  ice  with  its  burden  of  till  and  the  glacio-flaviatfle  de- 
posit-^ that  chaiactprizod  the  ahlatinnnl  period.    .  . 

"In  connection  with  the  blocking:  of  the  druinngc  lines  leading  from  the 
unglaeiated  area  to  the  ice  front,  irreat  <|ttantitie8  of  material  were  carried 
locally  by  watr^i  coming  from  the  ice  mar^'in  itself,  ?\vcrpin}r  the  ice-contributed 
debris  further  inland  than  it  could  ever  have  been  brought  by  the  ice  alone. 
The  morainic  material  has  everywhere  been  carried  by  the  glado-ihivlatlle 
streams  beyond  the  actual  jiosition  of  the  ice-front.  Occa.^ionally  debris  ha« 
been  carried  in  thits  manner  several  miles  beyond  the  position  of  the  ice  front. 
Locally  great  outwash  aprons  occur,  covering  several  square  miles.  In  the 
re-entrants  between  these  expansions  of  outwash  material  there  may  be  for 
a  number  of  miles  ulonK  the  ice  margin  comparatively  little  material  of  this 
sort  These  local  expansions  of  Otttwash  material  have  frequently  nearly 
obliterated  all  the  pre-;rlaeial  surface  irre)?ularitie<i,  and  their  fairly  even, 
eastwardly  slopinij  sujfaces  may  still  be  seen  descending  from  near  the  for- 
mer position  of  the  ice  front.  These  funs  are  now  [locally]  deeply  trenched 
by  poBt-gladal  erodon."*** 

In  the  above  described  manner  stream  obstruction  and  ponding  gav«  rise 
to  notable  stream  derangement  and  prominent  lake  deposits  in  southwestern 
Indiana  south  of  White  lUrer.  Bi?  Creek  of  Poeey  County  was  considerably 
enlarged  at  the  expense  of  Black  River  in  Gibson  County  to  the  north,  and 
extensive  lake  flats  were  produced  in  the  vicinity  of  Poseyville  and  Cynthiana. 
The  drainage  basin  of  Pigeon  Creek  which  enters  the  Ohio  River  at  Evans- 
ville  was  greatly  increased  on  the  north  at  the  cxpen.se  of  the  once  important 
but  now  minor  drainage  basin  of  Indian  Camp  Creek  in  western  Gibson 
Couniy,  and  the  extensive  flats  of  former  glacial  lakes  McGary  and  Pigeon, 
described  by  Puller  and  Clapp,  were  deposited.*" 

Probably  the  most  striking  and  important  modification  in  southwestern 
Indiana  was  in  connection  with  Putoku  River.  It  is  apparent  that  the  long 
narrow  basin  of  this  stream,  reaching  70  or  80  miles  eastward  from  the 
Wabash  River,  has  resulted  fiom  the  d»  flection  of  three  important  former 
tributaries  of  White  River  and  their  combination  into  one  continuous  stream  in 
conjunction  with  a  fourth  stream  which  probably  entered  the  Wabash.  On 
account  of  the  encroachment  of  ibe  rdacial  ite  south  of  White  River,  the  Upper 
Patoka  which  formerly  entered  White  River  north  of  Jasper  was  obstructed 
and  its  waters  forced  over  a  divide  in  the  vicinity  of  Jasper  into  Middle  Patoka 
River.  (See  Fig.  TA.)  This  position  has  been  maintained  since  the  time  of 
deflection.  The  Mitidle  Patoki'  formerly  flowerl  northwest  i)ast  Otwell  and 
Algiers  in  northeastern  Pike  County  where  i»  entered  White  River.  It  was 
likewise  obstructed,  and,  upon  ponding,  its  waters  escaped  over  the  divide 
into  the  Lower  Patoka  a  >hort  distance  east  of  Vclpen.  The  obstruction  of 
the  former  Middle  Paioka  was  so  etfectual  that  the  new  route  was  permanently 
maintained.   The  Lower  Patoka  flowed  west  and  di^tly  north  and  evidently 

entered  White  Itiver  through  the  now  obstructed  area  between  Pat  ik  i  an  ! 
Hazleton  in  northern  Gibson  County.  The  Patoka  at  present  flows  through  a 
narrow  gorge  east  of  the  village  of  Patoka,  and  thence  due  west  to  the  Wa> 

"'Malott.  The  Ameriean  fkrttoms  Rvfckm  of  Bastcm  Grecnp  County.  Indtena:  Ind.  Univ. 
Stndlca  N«.  40.  1SI9.  ii|>.  nr-rts. 

Levmtt.  U.  S.  .Surv..  Moooitr.  SS.  1898.  p.  07-88:  Fuller  and  Clapp.  Patoka  Folio 

Now  1«5.  1M4. 
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bash  River.  The  lower  portion  of  the  prcstnt  P  itoUii  from  ihv  jjoinf  a  short 
distance  east  of  the  villaKe  of  Patoka  constitutes  a  portion  of  the  fourth 
formeily  indqMndent  stream  whidi  help;*  to  make  np  the  present  Patoka  River. 
Because  of  such  notable  stream  fior mvi  rn  tit  ..n  l  tirnni  ponding,  lake  de- 
posits now  locally  trenched  are  prominent  in  northern  Dubois,  Pike,  and  Gibson 
eotintfes  along  and  near  the  Patoka  River.  It  is  evident  that  the  waters 
which  were  discharfred  from  the  ice  front  and  those  which  collected  in  the 
ponded  drainage  in  the  unglaciated  area  in  front  of  the  ice  sheet  while  White 
and  Wahadi  river  valleys  were  still  deeply  covered  with  glacial  ice,  escaped  to 
the  southward  over  a  divide  near  the  villaKv  of  Frandsoo,  and  thence  passed 

by  way  of  Pijreon  Creek  to  the  Ohio  I'ivi  r."' 

North  of  the  east  fork  of  While  Uiver  the  blocked  und  detiected  drainage 
leading  to  the  west  fork  of  White  River  has  been  briefly  deseriiied  by  Leverett 
and  Siebcnthal.'"  Furse  Creek  in  northwestern  Martin  County  formerly 
flowed  into  Doans  Creek  near  Scotland,  but  was  blocked  and  upon  readjustment 
took  a  course  southward  into  an  adjacent  stream.  Plummers,  CKfty,  Beech, 
and  Richland  creek  of  eastern  Greene  County  were  notably  obstructed.  Plum- 
mers and  Beech  creeks  have  retained  their  pre-giacial  routes.  Clifty  Creek 
and  a  main  tributary  from  the  north  were  ponded  and  deranged  largely  by 
outwash  material,  and  rn  iiccount  of  the  jirculiar  subse-iuent  subterranean 
drainage  developed,  a  prominent  lake  flat  known  as  the  "American  Bottoms" 
la  preserved  high  above  the  local  base  level  of  the  region.  This  region  has 
been  mapped  and  describd  in  detail.'"  Richland  Civek,  formerly  flowing  west 
and  slightly  north  past  Newark  to  White  River,  w^as  ponded  just  west  of  the 
Bloomington  Quadrangle  area  and  deflected  .southward  over  a  divide  into  a 
tributary  of  Beech  Creek,  and  now  with  the  Beech  Creek  drainage  enters  WThite 
River  some  20  miles  below  it  foimer  mouth.  The  ponded  diaina^'e  v,'a\e  rise 
to  a  lake  name<i  Lake  Richland  by  Siebenthal.  The  pre.sent  drainage  has 
trenched  the  lake  deposits  and  a  beautiful  set  of  terraces  occurs  along  the 
.«tream  on  the  BloominKlon  Quadrangle  area.  Raccoon  Creek  of  southeastern 
Owen  County  was  ponded,  but  does  not  appear  to  have  been  deflected  into 
an  adjacent  stream.  The  terraces  which  flank  the  present  stream  coalesce 
with  the  surface  of  "Flatwood.-,"  a  \\u}r  lacustiiiu  Hat  lying  between  Elletts- 
villc  and  Spencer.  It  has  been  shown  that  the  "Flatwoods"  r^ion  was  for- 
merly occupied  by  a  drainage  channel  deep  below  the  present  surface  which 
discharged  south  of  the  present  steep,  rocky  outlet  through  McCormicks  Creek. 
The  extensive  lacustrine  plain  of  "Flatwoods"  lies  approximately  200  feet  above 
White  River  and  is  but  slightly  trenched  by  McCormicks  Creek.  McCormicks 
Creek  is  the  chief  drainage  outlet  and  is  entirely  post-glacial.  It  descends  160 
feet  in  its  lower  2  miles  through  a  deep  rocky  gorge  in  the  ."^t.  Louis  :ind  Salem 
limestones.  This  lower  portion  of  McCormicks  Creek  is  now  a  State  Park,  and 
is  noted  for  its  rugged  beanty.'" 

Bean  Blossom  Creek  in  northern  Monroe  and  Brown  rountie.s  presents  a 
more  complicated  problem.    It  is  evident  that  the  valiey  was  eireotually  oh- 

•••  LfvtTttt.  V.  .S.  fiiiil.  Sui  v.,  .M.  rinnr.  ;!H.  Isns.  pp.  VH-liii  ;  AahU-y,  23ril  Ann.  KepU.  Ind. 
CScoL  Surv..  lH!i!<.  i>i>.  Iii!^-nii.::  I>itm-y  Pitlio  No.  S4.  IMS:  Pstoka  FoIIa  No.  106,  1904. 
Monok  SB.  U.  S.  C«ol.  Surv..  1898.  pp.  102-104. 

"*Mslott.  The  Amrrten  BatlwiM  ltciti«i  of  EsMeni  Green  Conolr.  Indbms:  Ind.  Valv. 
Stvdic*  No.  40.  19t».  p|i.  Ml. 

•"Siebcnthal.  21  nl  Ann.  Rrpt..  Ind.  C«al.  Surv..  ISM.  pp.  M1<U2.  Iblott.  The  FIsU 
wood*  Resion  of  Owen  and  Monrm'  Coutilio.  Iniliiinu :  riiic.  Ind.  AcwL  8el.  for  Itli,  pp. 
SM-428:  SSUi  Ann.  R«pt..  Ind.  GeoL  Surv..  1914.  pp.  217-222. 
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structed  and  ponded  for  a  time,  and  thore  is  evidence  of  deranfrement  in  the 
vicinity  of  Tabor  Hill  in  the  lower  portion  of  it<  course  in  northwestern  Mon- 
roe County.  Thf  hoadwatery  of  Bran  r>lossom  Valley  in  Brown  County  also 
received  glacial  waters  from  both  the  Illinois  and  Wisconsin  ice  sheets.  While 
eoluiderable  attention  has  been  given  to  its  well  developed  and  prominent 
terraces,  thfir  explanation  is  still  con-idfiivl  an  unsolved  problem  by  the 
writer.  The  problem  of  the  terraces  mu.st  be  viewed  from  the  standpoint  of 
obetraetion  and  ponding  in  the  lower  course  and  of  the  valley  and  valley-train 
deposition  from  both  the  Illinois  and  Wisconsin  ice  margins  in  tho  upper 
course.  The  explanation  of  the  terraces  given  by  Marsters,  namely,  that  they 
are  due  to  local  deltas  of  incoming  streams,  is  not  in  harmony  with  the  form 
and  materials  of  the  terraces,  nor  is  the  principle  ais  presented  sound.  It  is 
evident  to  the  writer  that  much  detailed  work  remains  to  be  done  before  the 
tenmem  of  Bean  Blossom  Valley  can  be  adequately  explained.** 

Stream  derangement  on  the  eastern  margin  of  the  drlftleas  area  was  of 
little  conae*iuence.  The  pre-placial  drainage  was  largely  away  from  the  ice 
margin^  and  the  glacial  waters  escaped  down  the  regular  drainage  lines  with- 
ovt  beeeming  ponded.  The  stream  alignments  and  topogra|diieal  oonditiona, 
however,  in  southwestern  Bartholomew  and  northwestern  .Tackson  counties 
along  White  Creek  and  the  south  fork  of  Salt  Creek  suggest  that  some  stream 
ponding  and  derangement  have  taken  place;  bnt  the  locality  has  not  been  cave- 
fnlly  invrstipated. 

The  north  fork  of  Salt  Creek  southeast  of  Spcarsville  in  northeastern 
Brown  County  undoubtedly  received  a  notable  flood  of  glacial  waters  from  the 

ice  mar^jin,  and  in  connection  with  Muildy  Fork  in  southern  Brown  County 
exhibits  the  result^i  in  the  form  of  terraces  flanking  the  present  streams.  Salt 
Creek  was  an  important  avenue  for  the  discharge  of  glMial  waters  acroai  the 
driftless  area.  The  east  fork  of  White  River  west  of  its  junction  with  the 
Mttscatatuck,  was  also  an  important  sluice-way  for  the  escape  of  glacial  waters 
from  the  western  margin  of  the  ice  sheet  in  southeastern  Indiana.  The  effects 
of  such  glacial  discharge  have  been  largely  obscured  or  effaced  by  the  freer 
passage  of  the  t'lacial  waters  and  their  burden  of  ^r'avel  and  sand  during  the 
Wi.sconsin  glacial  stajre.  Likewise  the  Ohio  River  valley  must  have  been  an 
important  outlet  for  the  glacial  floods  of  the  Illinois  glacial  stage,  and  here 
again  the  glacio-fluviatilc  discharge  from  the  Wisconsin  ice  sheet  has  largely 
covered  the  material  deposited  in  the  valley  during  the  Illinois  stage. 
Leverett,**  however,  recognixes  and  distinguishes  the  deposits  of  each  stage. 

The  passage  of  ^rlacial  watcis  from  the  rastorn  rrtion  of  the  Illinois  ice 
sheet  across  the  driftless  area,  and  the  partial  impounding  of  these  same 
waters  on  the  west,  resulted  in  valley  trains  of  gravel,  sand,  silt  and  day, 
which  causwl  local  upbuilding  of  the  liibutary  streams  of  the  driftle.ns  area 
where  they  enter  the  main  valleys.  Such  effects  are  seen  in  the  alluvial 
terraces  preserved  along  a  number  of  the  streams  within  the  driftless  area. 
One  pronounced  effect  of  such  local  upbuilding  is  seen  in  t)u  Tiumerous  aban- 
doned meanders  enclosing  bed-rock,  ijfland-like  musrcs  of  upland,  standing  iso- 
lated in  the  midst  of  valley  alluvium  or  terrace  material.   A  number  of  such 

Si<4»mth«l,  2li<«  Ann.  R.  |>t..  Iml.  f;<-ol.  .Surv..  1M<»«.  jip.  ;t<;L'-3fl3.  Mar<>t.  i».  ToiioRinphy 
and  Geotrraphy  of  Biiin  lllii^.i"tii  Vallty.  Mimiff  ri>uiit>.  Iml.:  Vrnr,  Inil.  Aciul.  Si-i.  (or  1901. 
pp.  222-2^7.    RvHitt'n.  CvnI.  of  Monrcx?  County,  Inii. :  Proc.  Ind.  Acad.  Set.  for  llHl.1,  pp.  205.233. 

"•MonoKr.  11.  U.  S.  Geol.  8urv..  IMS.  |»p.  t61,  SSB,  M7,  »04»1;  Mami«r.  M,  U.  S.  G«oL 
Surv..  191S.  pp.  71-72. 
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valley  monadnocks  are  present  along  Salt  Creek  south  of  Hurrud.sburg;  along 
the  kywer  part  of  Indian  Creek  In  Martin  County;  and  alonir  the  eaat  fork  of 
White  River,  at  Williams  in  western  I-awrence  rounty  and  at  Shoals  and 
Uindostan  in  Martin  County.  The  many  similar  valley  monadnocks  occuring 
in  the  Wabadi  lowland  may  be  definitely  associated  with  the  valley  filling 
characteristic  of  that  region. 


Following  the  Illinois  glacial  stage  denudation  of  the  lands  continued. 
Leverett™  has  named  the  interval  of  thne  between  the  Illinois  gladal  stage  and 

the  period  of  loess  deposition,  the  Sanpranion  intei-\-al.  "The  Sanpanion  soil 
and  weathered  zone,  formed  on  the  surface  of  the  Illinoian  drift,  has  received 
attention  In  Monographs  XXXVIII  and  XLI  of  this  survey,  and  little  need  be 
added  concerning  it.  It  separates  the  Illinoian  drift  by  a  very  marked  interval 
from  the  overlying  loess  and  associated  silt  deposits.  The  writer  has  never 
observed  the  Illinoian  drift  to  grade  upward  into  the  loess,  either  in  Indiana 
or  in  the  neighboring  states,  but  has  everywhere  found  it  capped  ather  with 
a  deeply  weathered  zone  or  with  a  dark  colored  soil."'"' 

"The  weathered  surface  of  the  Illinoian  drift  and  the  outlying  driftless 
territory  in  southern  Indiana  both  bear  a  thin  deposit  of  silt  which  is  part 
of  a  practically  continuous  sheet  that  extends  from  Ohio  westward  beyond 
the  Mississippi.  In  the  vicinity  oi  the  main  drainage  line  it  is  loose  textured 
and  is  commonly  termed  'loess.'   On  the  interfluvial  tracts  it  ranges  from 

a  deposit  readily  pervious  to  water  to  one  slowly  pervious.'"^  The  time  and 
in  particular  the  method  of  deposition  of  the  loe&s  is  a  question  which  has  been 
mudi  discussed  by  Mississippi  Valley  geologists.  The  consensus  of  opinion  at 
present  i>  that  it  was  chiefly  a  wind-blown  deposit,  the  material  having:  been 
gathered  from  the  dried  and  largely  non-vegetated  mud  flats  or  similar  sur- 
faces succeeding  the  Illinois  gladat  stage;  though  locally  the  loessial  deposits 
are  undoubtedly  water  deposited.  Loessial  deposit.s  are  also  associated  with 
an  apparently  localized  advance  of  the  Keewatin  ice  slieet  in  Iowa  which  has 
been  'designated  the  lowan  glacial  stage,  intervening  between  the  Illinoian 
and  Wisconsin  stages.  "The  thickness  of  the  [loessial]  deposit  in  Indiana 
in  few  places  exceeds  40  feet  and  is  greate-t  along  the  Ohio  an<i  Wabash 
valleys.  Within  a  short  distance  back  from  the  bluffs  of  these  valleys  it  tie- 
creases  to  10  or  12  feet  and  over  the  greater  part  of  the  region  is  between  5 
and  10  feet.    On  slopes  it  is  very  thin,  r,r  wantinn.  because  of  erosion." 

Over  large  areas  in  both  southwestern  and  southeastern  Indiana  the  Uli- 
tuAb  glacial  flats  are  covered  with  a  light  ash  colored  day  or  structureless  silt 
correlated  with  the  loess  of  the  Wabash  and  Mississippi  bluffs.  In  the  opinion 
of  the  writer  this  structureless  clay  overlying  the  Illinoian  drift  and  gnidittg 
indeflnitdy  into  it  below  need  not  be  considered  a  loessial  deposit.  It  more 
probably  originated  on  the  I'lricial  o:  other  flats,  thioui^h  continuous  leaching 
and  decay  of  the  upper  portion  of  the  drift  or  soil  materials."' 

»« Jour.  Gcol..  VoL  VI.  1S9S.  pp.  171-181.  »M49. 
Lcvervtt.  Monncr.  68.  17.  8.  GmI.  Sarv..  1018.  p.  73. 
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Following  the  deposition  of  the  loe^is  over  the  lUinoian  drift  cumc  a  pe- 
riod of  onwion  whieh  eolitinued  as  a  imit  of  tiic  Foorian  inter^^ilaeial  interval 
in  the  upper  Mississippi  Valley.  This  Peorian  interval  is  marked  stratipraph- 
ically  by  locally  weathered  soils  and  evidences  of  erosion  where  the  area  of 
its  oecniTNice  was  over-ridden  by  later  glaeiation.'"  This  period  of  erosIoB  is 
not  distinct  from  th(  ^^oncral  poei-Illiiioian  erosion  seen  beyond  the  limits  of 
the  Wisconsin  glacial  drift. 

W^eeiuin  GbtekU  Stage. 
General  Characteristics  and  Lobation. 

The  last  preat  ice  sheet  which  came  clown  from  Canarla  into  the  United 
States  left  a  series  of  terminal  moraines  separated  by  broad  areas  of  flattish 
ground  moraine.  From  the  well  preserved  materials  left  by  this  ice  dieet 
much  has  been  deduced  concernintr  continental  grlaciation.  The  Wisconsin  ffla- 
dal  stage,  like  the  other  glacial  stages,  was  named  and  defined  by  Chamber- 
lin.**  The  maximom  advance  of  the  Wiseonsin  Ice  sheet  fell  far  short  of  tliat 
of  the  lUinoian  in  Illinois  and  Indiana,  but  to  the  eastward  it  extended  south 
as  far  or  even  farther.  The  limits  of  the  Wisconsin  drift  as  shown  on*  both 
the  physiographic  and  glacial  maps  accompanyinj?  this  report  have  been  care- 
fully traced  by  Leverett.""  All  of  Indiana  north  of  the  margin  of  the  Wis- 
consin drift  was  covered  by  the  glacial  ice,  and  the  various  halts,  retreats,  and 
re-advances  of  the  ice,  so  chaiacteriittic  of  the  last  glacial  stage,  have  been 
partially  deciphered  from  the  topographic  forms  and  their  relationships  as 
shown  in  Indiana  "and  contiguous  len  itory.  The  area  in  Indiana  covered  by 
the  Wisconsin  ice  sheet  is  approximately  22,i.*0U  i^quare  miles. 

The  margin  of  the  Wisenidn  tee  sheet,  as  indicated  by  the  drift  border, 
was  distinctly  lohate,  a  characteristic  which  hocanie  accentuated  as  the  ice 
retreated  to  the  northward.  The  well  preserved  terminal  moraine  systems  in- 
dicate that  the  Wisconsin  gladal  stage  was  diaraeterised  by  notable  re-ad- 
vances of  the  ice  of  the  various  lobes.  Such  re-advances  prohnbly  also  char- 
acterized the  earlier  ice  sheets,  but  it  is  thought  that  lobation  was  best  devel- 
oped during  the  Wisconsin  stage.  Leverett*"  in  his  discussion  of  the  tobation 
of  the  Wisconsin  drift  border,  notes  that  the  lobes  of  the  Indiana  region  were 
local  deployments  down  major  valleys.  These  local  lobes  were  off-shoots  of 
the  two  major  lobes  occupying  Lake  Michigan  and  Huron-Erie  basins.  "In 
Illinois  the  Wisconsin  [ice  sheet]  had  but  one  pronounced  lobe,  the  Lake  Mich- 
igan, whose  outline  was  rudely  concentric  with  that  of  the  IJlinoian  drift 

■ad  niiawrwM  rcrvrenew  bourlntt  «■  the  ktm  prablcn  w*  niVHi.  In  Monocniph  XIJ.  U.  s. 
G«qI.  Snrv„  1902,  pp.  tSM9\,  «Im>  oecuni  ■  brief  diMwnlon  of  th«  l«cn  more  particularly  with 
rwppct  to  it.H  occurrence  in  the  Ohio  vHlloy.  KulliT  in  tho  IHIney  FoMo  Woi.  HI.  V.  S.  Cot)!. 
Surv..  1902,  «n<l  Kiilli-r  ami  riii|i|'  in  ihi-  I'litokn  Kollo  Nd.  U.  S.  Gml.  Surv..  limi.  j,nd 
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kwnial  deposiu  of  aouUiwMtern  ImUaiM.  and  dtiUnauMi  h*tw«Bii  the  wpter-taM  nad  wind- 
dipoiltad  locuial  depotiU. 
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border.   This  lobe  wm  an  extension  from  the  Lake  HichiRan  baein.   It  formed, 

in  the  course  of  its  withdrawal  from  Illinois,  a  succession  of  bulk^'  but  ruther 
smooth  morainic  ridges,  which  extend  into  western  Indiana  for  a  few  miles 
to  the  head  of  the  re-entrant  between  it  and  the  portion  of  the  Labrador  ice 
f.eld  that  paned  tfaltAli^  the  Huron  and  Erie  basins.   This  re-entrant  is  a  few 

miles  farther  west  than  the  preat  re-entrant  between  the  Illinois  and  the 
Huron-PJrie  lobes  of  the  Illinoiun  .stage-,  the  latter  being  in  .south-central  rather 
than  in  aouthweatern  Indiana." 

Causes  of  Lobation  in  Indiana. 

It  appears  from  the  confisruration  of  the  tei-minal  moraines  left  by 
the  lower  reache.s  ul  the  Huron-Erie  lobe  in  Indiana  and  Ohio,  that  deploy-  . 
ment  of  the  ice  was  larsely  dependent  upon  the  altitudes  of  the  pre-glacial 
topographic  sub-Hivision.«.  The  development  of  the  lobe  of  F^ast  White  River 
southward  from  the  latitude  of  Noblesville  and  Anderson  was  probably  caused 
by  the  relathrdy  low  altitude  of  the  pre-gladal  Soottihurf  lowland  in  Hamil- 
ton and  Marion  counties,  as  compared  with  the  nOW  buried  Norman  upland 
immediately  west.  The  pre-glacial  Knobstone  escarpment  in  eastern  Boonc 
County  and  southward  through  western  Marion  and  Johnson  counties  was 
over  ridden  and  over-lapped,  but  its  ragged  front  in  conjunction  with  the 
Norman  upland  retarded  and  discouraged  ice  .movement,  with  the  result  of 
deployment  southward  down  the  Scottsbnrfr  lowland  tract  Thus,  lobation  of 
the  ice  took  place  because  of  these  major  topographic  differences  in  the  vicin- 
ity cf  the  glacial  margin.  The  lobation  of  the  moraines  is  noticeable  for  a 
con.siderable  distance  back  from  the  glacial  margin.  In  the  East  White  River 
lobe,  it  bcrrins  in  the  latitude  of  NoblesWlle  and  Anderson,  a  distance  of  SO 
to  fiO  miles  from  the  farthest  extension  of  the  ice;  though  at  the  time  of  max- 
imum advance  the  extension  of  the  ice-lobes  beyond  the  re-entrants  was  less 
than  half  this  distance.  The  Miami  lobe,  chiefly  in  southwestern  Ohio,  de- 
ployed southward  along  the  line  of  :i  ni:i jor  prc-gle.cial  valley,  cast  of  the  high 
pre-glacial  upland  in  Randolph,  Wayne,  and  other  counties  in  Indiana.  The 
main  Erie  lobe  reaching  southwestward  across  middle  northern  Indiana  ap- 
parently did  not  deploy  along  the  line  of  a  continuous  valley.  That  it  did  so, 
however,  in  Ohio  is  indicated  by  the  depth  cf  the  drift  over  the  bed-rock 
surface  of  the  region. 

Lobes  and  Moraines  of  the  Late  Wisconsin  Substage. 

When  the  ice  sheet  had  retrcatc<l  to  the  vicinity  of  Delphi  or  I.n^an  port 
in  northwestern  Indiana  the  t^cpuration  of  the  Saginaw  lobe  began.  Further 
withdrawal  of  the  ice  northward  and  ea.«itwaid  was  attended  by  the  deposition 
of  three  distinct  eets  of  roufthly  concentric  terminal  moraines.  These  morainea 
were  formed  during  halts  or  temporary  re-advances  of  the  ice  margin.  In 
northwestern  Indiana  the  moraines  were  built  by  the  Lake  Michigan  lobe  and 
were  conformable  to  its  spatulate  margin.  In  central  northeastern  Indiana 
the  morainic  systems  are  in  excellent  harmony  with  the  main  Erie  lobe;  while 
in  north-central  Indiana  the  moraines  conform  to  the  .somewhat  crowded  posi- 
tion of  the  enclosed  Saginaw  lobe.  Sut  h  a  systematic  arrangement  of  the 
mor;tinic-  syster.is  is  in  ketping  with  the  lohatirvn  v>{  the  ice,  and  liai  ring  minor 
deployment  and  irregularities,  the  separation  of  the  lobes  is  well  borne  out  by 
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field  evidence.  Under  this  interpretation  the  outer  muiuine  of  the  Saginaw 
lobe  consists  of  the  Maxinkuckee  moraine,  extendingr  northward  from  a  few 
miles  west  of  Lo^^ansport,  and  the  massive  Packerton  moraine  leadinjj  north- 
east from  th«  same  position.  The  weak  Union  moraine  of  the  main  Erie  lobe, 
running  norfhweet  from  Muneie  to  near  Logansiwrt,  supports  this  interpretu- 

tion,  since  it  seems  quite  unrer.sonable  to  assume  that  its  correlative  rould  be 
the  unusually  massive  I'ackerton  moraine.  Leverett*"  assumes  that  the  Sag- 
inaw lobe  retTMkted  rapidly  from  northern  Indiana  and  southern  Mlddgan, 
while  the  Erie  and  Lake  Michigan  lobes  still  extended  deeply  into  nnrthetn 
Indiana,  though  he  has  some  difficulty  in  explaining  the  rather  prominent 
moraines  in  northern  Indiana  assigned  to  the  Saginaw  lobe.  The  interpreta- 
tion heie  su^r^f'sted  does  not  assume  a  lapiil  withdrawal  of  the  Saginaw  lobe 
from  northern  Indiana.  The  evidence  rather  supports  the  idea  of  .a  rapid 
retreat  of  the  Lake  Michigan  lobe  from  the  Kankakee-Tippecanae  basin.  The 
absence  of  moraines  in  thi^i;  locality  is  rather  striking.  It  Is  probable  that 
the  Saginaw  lobe  receded  quite  rapidly  across  southern  Michigan.  This  is 
suggested  by  the  dying  out  of  the  massive  Maxinkuckee  outer  moraine  in  the 
vicinity  of  South  Bend  and  the  disappearance  of  the  Packerton  component  In 
Noble  County.  Further,  the  relationships  of  the  moraines  in  Steuben,  Tva- 
grange,  and  Noble  counties  indicate  that  the  Erie  lobe  over-rode  the  earlier 
position  of  the  outer  Saginaw  lobe  after  the  recession  of  the  latter  from  that 
locality. 

Glacial  Lakes  Maumee  and  Chicago. 

The  recession  of  the  Wisconsin  ice  .sheet  beyond  the  Mississippi-St. 
Lawrence  divide  initiated  an  interesting  pha!<e  of  drainage  development.  It 
was  the  beginning  of  the  series  of  extensive  ice-dammed  lakes  which  were  the 

precursors  of  the  prr-ent  Great  T-akes  system.  Pr-obably  the  first  notable  ioO* 
dammed  lake  to  appear  was  glacial  Lake  Maumee.  This  lake  expanded 
within  the  drainage  basin  of  the  present  Maumee  River  as  the  ice  receded  east- 
ward, and  uncovered  more  of  the  drainage  basin.  The  outlet  was  over  the 
lowest  point  in  the  divide  lying  between  Fort  Wayne  and  Huntington.  The 
divide  at  this  place  was  cut  down  neariy  100  feet  by  the  water  whidi  escaped 
to  the  Mississippi  system  thiougb  this  outlet.  The  St.  Joseph  and  St.  Marys 
rivers,  the  positions  of  which  are  controlled  by  terminal  moraines,  emptied  into 
the  glacial  Maumee- Wabash  River  near  the  head  of  the  lake.  Only  the  weil- 
ern  end  of  Lake  Maunu  e  reached  into  Indiana.  Some  120  square  miles  WWe 
flooded  in  northeastern  Allen  County.  When  the  ice  had  retreated  far  enough 
to  uncover  a  lower  spot  in  the  divide,  the  lake  waters  w^ere  lowered  and  the 
outlet  throui^  the  Maumee- Wabash  channel  abandoned.  This  kr^ive  rise  to  the 
silt  covered  area  now  known  as  the  Maumee  lacu.strinc  plain,"'  Over  this 
plain  flowed  the  new-born  Maumee  River,  which  at  first  drained  eastward  into 
the  lower  lake,  and  later  into  the  successor  to  Lake  Maumee.  The  lowering  of 
the  lake  waters  and  the  initiation  of  Maumee  Uiver  favored  a  discharge  of 
the  waters  from  the  St.  Jo.scph  and  St.  Marys  rivers  to  the  eastward,  thus 
giving  rise  to  the  barbed  pattern  of  the  present  drainage  of  the  Maumee.'" 

l**lfan«Vr.  .SS.  v.  S.  Ci^il.  .Smv..  1»15.  pp.  123-1^4. 

8m  GMkndeal  mm»  of  Alien  County  by  Price,  Ind.  GmL  aunr.,  SSIh  Ann.  It«pt.  ISM. 

S.  S7S. 

■**Por  til*  dctnib  of  the  davetopmcnt  of  Glacial  L«ke  Haumcc  wc  the  fnllowinic  Gilbert. 
SnriiMS  OaoloBr  of  the  Mwimee  Valley:  Ohio  Gcol.  Sarv..  Vol.  I,  1873,  pp.  b8&-690:  Dryer. 
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Only  one  other  of  the  series  of  ice-dammed  lakes,  connected  with  the 
Great  Lakes  system,  invaded  the  Indiana  rejrion.  This  was  the  prlacial  Lake 
Chicago.  It  was  the  southern  expanded  portion  of  the  present  Lake  Michigan, 
with  an  outlet  southward  through  the  Illinois  River  into  the  Hiasissippi.  The 
area  of  the  Calumet  lacustrine  plain  marks  the  site  of  this  glacial  lake  in  Indi- 
ana. Lake  Chicago  endured  for  a  much  longer  period  than  Lake  Maumee. 
It  is  marked  by  several  suceessive  stapes  of  lowering:,  but  until  the  present 
sta^e  was  reached  it  retained  its  outlet  throuph  the  Illinois  T'ivn.  The  de- 
tails of  its  connection  with  the  stages  of  ice  retreat,  and  its  connection  with 
the  waters  which  came  from  other  contemporary  iee-dammed  lakes  to  the  east 
constitute  a  fascinating  chapter  in  the  history  of  the  Great  Lakes.** 

Summary  of  the  Wisconsin  Sub.-tajres. 

The  Wisconsin  glacial  stage  is  marked  by  the  development  of  a  series  of 
successive  terminal  moraines.   These  moraines  are  not  always  single  and 

well-defined,  but  oach  consists  of  a  morainic  system  frequently  comprisingr  a 
number  of  related  moraines,  distinct  fram  any  other  system  of  related 
moraines.  The  outermost  morainic  system  of  the  Wisconsin  glacial  stage  i^ 
known  as  the  Sholbyville  system,  so  named  by  Leverctt  from  its  typical  de- 
velopment near  ShelbyviUe,  Illinois.  It  is  poorly  developed  in  Indiana.  The 
second  Wisconsin  substage  is  marked  by  the  moraines  of  the  Champaign  sys- 
tem, named  from  Champaign,  Illinois.  This  system  as  a  whole  is  not  well 
developed  in  Indiana,  but  moraines  included  in  this  system  are  r,uite  promi* 
nent  locally.  The  Bloomington  morainic  system  marks  a  very  prominent  sub- 
stage  in  the  development  of  massive  moraines.  This  system  is  also  best  devel- 
oped in  the  area  of  the  preal  Michijran  lobe,  and  receives  its  name  from  Bloom- 
ing^ton,  Illinois.  In  western  Indiana  this  system  is  rather  complex,  owing  to 
the  tendency  oi  the  ice  sheet  as  a  whole  to  break  up  into  lobes  which  advanced 
and  retreated  somewhat  independently.  P'ollowinp  the  Bloomington  sub- 
stage  is  what  the  writer  prefers  to  cull  the  Late  Wisconsin  substage.  It  ter- 
minates the  Wiscemshi  glaeia]  stage,  and  is  marked  by  the  separation  of  the 
great  ice  sheet  into  distinct  lobes  which  did  not  necessarily  advance  and  re- 
treat as  a  unit.  The  chronology  ol  the  morainic  .systems  belonging  to  the 
Liate  Wisconsin  substage  is  not  satisfactorily  worked  out.  Tht  moraines  of 
the  different  lobes  take  on  a  recessional  character.  In  Indiana  this  feature 
is  best  developed  in  the  area  of  recession  of  the  Erie  lobe. 

An  attempt  has  been  made  to  show  the  Wisconsin  substages  as  named 
above  on  the  glacial  map  of  Indiana,  PI.  III.*** 

nfolnxy  of  All«'n  C.i..  Ind..  Ifith  .^nn.  Ropt..  Inii.  Geol.  Surv.,  ISSS.  pp.  107-114:  Taylor, 
A  Short  HUtory  of  tho  (Jrcnt  IjikiH  ;  I)iy<T"s  Stu(li<-^  in  Indianit  (IroKniphy.  pp.  9ii-llu.  In- 
land Tub.  CiK.  T.  rro  Huuti-.  1897  :  Tnyl.ii.  TUv  (ir.-nl  Irt-Dnmo  of  Lakm  MHum<-i>.  WhittiMley 
and  Warren:  Amei.  Gcolo«i*t.  Vol.  24,  18»S».  pp.  6-3Si  Taylor,  Glacial  Lake  Maumcc:  Monocr. 
6S.  U.  S.  GmoL  Surv,.  ISlfi,  pp.  tU-*4».  Aho  pp.  SlS^Stts  LevrrHt.  Momcr.  41.  U.  S.  Geot 
Sunr..  ISOt.  pp.  710-740. 

■*Sw  the  foRBwiiiK:  Levmtt.  Melalaecne  Features  of  th*  Chieaifo  Area:  Bull.  C«ol.  and 
Nat.  Hint..  No.  2.  Chlcaffo  Acad.  8«i.,  1807,  pp.  1-80 :  Lcvrrett,  The  Chic«Ko  Outlet  and  thp 
Boichi'i  »f  Ijikc  ChtrafTOl  Honoirr.  38,  U.  S.  GpoI.  Surv..  l«<>n,  pp.  4IN-4r>»:  I^vert>tl.  Glnri«l 
I^ikr  t'hioHtro:  MonoKr.  BS.  U.  S.  Geol.  Sur%'..  1!M.'>.  pp.  .t.'ili-;ij7  :  Blatrhli'y.  Ginloify  of  Ijikv 
Hnii  PiirtiT  (':iunti<-H.  Iniliana:  22n4l  Ann,  R<'i>t..  Ind.  C;i-.il.  Surv.  fnr  iS'.t",  pp.  i.l-liil  :  Aldcn. 
The  ChicatM  J'olin  No.  81.  U.  .S.  <;.  S..  inii2.  pp.  I,  7-12. 

"*  For  the  details  of  the  ■ubalaxn  and  morainic  syatema  of  the  Wiaconain  Klacial  atam. 
met  Monoicrapha  of  the  V  S.  Geol.  Surv.  SS.  lasS.  pp.  ISMIT;  41.  lOttt.  pp.  a04.M0:  U,  ISIS, 
pp.  77-4CS. 
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Recent  I'hifHiogntjthic  Work. 

The  time  since  the  Wisconsin  ice  sheet  permanently  withdrew  from  the 
Indiana  region  has  been  relatively  short,  and  little  physiographic  work  has 
been  accomplished.  The  area  covered  by  the  Late  Wisconsin  ice  is  essentially  as 
it  was  left  by  the  fflacier  and  its  attendant  waters.  The  materials  depcsited 
by  the  glacier  look  remarkably  fresh.  Minute  scratches  are  perfectly  pre- 
served on  .soluble  limestone  pebbles  in  the  upper  part  of  the  drift.  The  work 
of  po.st-iflacial  time  is  manifest,  however,  in  the  desti-uction  of  the  numerous 
small  basins  which  characterize  morainic  topography.  Thousands  of  miniature 
lakes  have  been  filled  by  inwash  and  vei^tal  accumulations.  The  area.s  of 
these  small  shallow  basins  are  now  marked  by  level  deposits  of  black  earth. 
Many  of  the  larger  basins  have  become  smaller,  and  much  of  their  former 
area  has  become  marsh  or  meadow  of  peaty  soil  .surrounding  what  is  left  of 
the  once  more  extensive  lake.    In  the  area  of  the  earlier  Wisconsin  drift,  as 


Fie.  15.  Man  h««  brnuxht  about  itrmt  channcs  in  the  topneraphy  of  the  lands,  llrad 
cut,  Illinois  Ontral  Railway,  in  eaiitern  Greene  County.  2  miU>s  we«l  of  Snlxberry. 


for  example  on  the  Tipton  till  plain,  no  lakes  at  all  exi.st,  though  in  the 
natural  .state  great  areas  of  marsh  and  tracts  of  level,  black  land  bespeak 
their  former  existence.  Nearly  all  .such  lands  are  now  artificially  drained  and 
are  highly  productive  agricultural  area.s.  Much  of  the  change  within  the  area 
of  older  Wisconsin  drift,  .such  as  the  filling  up  of  the  shallow  basins  and  the 
development  of  drainage,  has  taken  place  .since  the  withdrawal  of  the  ice 
from  the  region,  but  during  the  Pleistocene  period.  In  southern  Indiana  ero- 
sion continued  through  the  latter  part  of  the  Pleistocene,  and  the  .stream  ad- 
justments and  drainage  development  following  the  Illinoian  glaciation  were 
practically  complete  before  the  close  of  the  Plci.stocene.  The  terraces  which 
characterize  the  valleys  where  temporary  or  permanent  drainage  obstruction 
took  place  had  reached  approximately  their  present  form  by  the  close  of  the 
Pleistocene. 

It  should  be  noted,  however,  that  the  most  marked  change  in  the  topogra- 
phy and  general  aspect  of  the  lands  since  the  Pleistocene  period,  has  taken 
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place  since  the  advent  of  man.  Man  has  been  a  potent  factor  in  topographic 
change  in  the  short  time  that  he  has  occupied  the  lands.  In  Indiana  as  else- 
where, deep  cuts  have  been  made  for  railroads  and  other  thorouf^hf ares ;  dams 
across  valleys  have  been  constructed;  mines  with  miles  of  subterranean  pa.s- 
sageways  have  been  made,  and  the  collapsed  pits  of  abandoned  mines  and  great 
piles  of  refuse  many  feet  in  height  mark  the  mininpr  areas  in  southwestern 
Indiana:  preat  irregular  ridges  of  eartli  material  and  deep  trenches  and  ir- 
re^lar  basins  cover  wide  stretches  of  waste  land  where  stripping  of  .shallow 
coal  seams  has  taken  place;  great  quarry  pit^^  scar  the  hillsides  where  thou- 
f^ands  of  tons  of  .stone  have  been  removed;  gravel  pits  are  characteristic  of 
the  glaciated  area;  artificial  drainage  has  greatly  accelerated  the  natural 
drainage,  and  as  much  geologic  work  has  been  accomplished  in  a  few  decades 
as  had  previou.sly  been  wrought  during  the  tens  of  thousands  of  years  since 
the  close  of  the  Pleistocene  period.  Perhaps  one  of  the  most  notable  changes 
in  the  aspect  of  the  lands  is  due  directly  and  indirectly  to  deforestation.  Re- 


Kijr.  16.  In  prorurini;  r<nil  for  inilu><triHl  nn-iU  man  h««  locally  ercatly  rhanxed  the  tn|MW 
ttraphir  ii!«i>c>ct  i>f  the  InndiMiiiK'.  Coal  IV.  Primnmc  min«'  «nd  »lri|)  I»it,  I  mile  north  of 
Jnsonvlllc.  ' 


mo"al  of  the  vegetation  in  the  humid  region  has  enormously  increased  the 
destructive  power  of  the  denudational  agencies.  Kainwash  is  directly  effect- 
ive, as  it  is  in  the  arid  regions;  run-off  is  greatly  increa.>ied,  and  gully  erosion 
unnoticeable  in  the  previously  forested  areas  is  now  wide-spread  in  the  de- 
forested lands.  Deforestation  and  the  attendant  tilling  of  the  lands  have 
given  rise  to  rapid  streams  of  turbid  water  where  formerly  clear  sluggish 
streams  flowed  scawanl.  Thus,  the  present  is  a  time  of  great  destruction  of 
the  land.;  and  mhrked  topographic  changes  as  compared  with  the  post-glacial 
period  previous  to  the  advent  of  man.  Such  destruction  and  change  are  at- 
tained through  ihe  agency  of  man  in  gaining  his  needs  and  supplying  his 
wants,  in  doing  which  he  co-operates  with  the  natural  destructive  agencies  of 
the  lands. 
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CUAPTBR  V. 

SOME  DIBTAILS  OP  PHYSIOGRAPHIC  DEVELOPMENT  IN  INDIANA. 
tnfiueneen  tn  ihe  Topograpkie  Development  of  Uie  DeaHtom  Upkmd, 

G«n€ral  Statement. 

It  luta  been  stated  that  the  topographic  condition  of  the  Dearborn  upland 
in  Switseriand,  eastern  JefFerson,  Ohio,  Dearborn,  eastern  Riplcjr,  and  Frank- 
lin counties,  and  to  a  Irs.'icr  (Icj^ree  in  Union,  Fayttte,  and  flOVtliern  Wayne 
counties,  is  essentially  that  of  a  deeply  diasectcd  upland  surface.  The  nuiin 
vallays  Ua  from  300  to  600  feet  below  the  remnants  of  the  former  extensive  and 
UMirly  levd  surface.  On  the  main  interstrcam  surfaces  tracts  of  considerable 
area  are  as  yet  untrenchod  by  the  drainaKe  lines.  Even  in  the  dis-sected  parts 
adjacent  to  the  main  valleys,  the  lonjf,  even-topped  ridges  between  the  deeply 
set  valley  trenches  retain  to  a  remarkable  defcree  the  elevation  of  the  for- 
merly extensive  upland  surface.  The  upland  surface  with  it-  yilateau-like 
aspects,  it  will  be  recalled,  has  been  correlated  with  the  Highland  liim  pene- 
plain surfaee  of  Tennessee. 

Srveial  things  rnttr  into  the  explanation  of  tho  present  topopraphic  con- 
dition of  the  Dearborn  upland  area,  in  addition  to  the  normal  destructional 
aganeies  common  to  humid  uplands  well  inland  from  the  sea.  first,  the  strue> 
ture  and  litholoprical  con.stitution  of  the  rocks  enter  as  primary  conditioning 
faeton;  second,  drainage  modification  attendant  on  the  Pleistocene  period,  es- 
pecially in  connection  with  the  Ohio  River,  has  brought  about  considerable  to- 
pographic change:  thinl.  th<  Illinoian  ^laciation  grreatly  interfered  with  the 
normal  erosional  destiurtion  of  the  uplifted  peneplain  surface;  and  fourth, 
the  Wisconsin  ice  sheet  greatly  modified  the  northern  part  of  the  area.  The 
influence  of  these  st  v(  i  a!  factors  on  the  devdopment  of  the  present  t(q;iograpliy 
of  the  region  will  now  be  discussed. 

Influence  of  Geologic  Structure  and  lathology. 

The  Dearborn  upland  of  Indiana  lies  near  the  axis  of  the  Cincinnati  arch, 

and  the  rock  layers  vary  but  slif^htly  from  the  horizontal.  There  is  a  slight 
dip  westward  and  nouthwestward  alonj;  the  western  side.  The  southwest 
dip  along  the  Ohio  River  is  perhap.s  more  pronounced  than  elsewhere.  The 
iBfluenee  of  the  westerly  dip  is  apparent  in  the  cour.se  of  Laughery  Creek  and 
perhaps  al.so  of  Indian-Kcntuck  Crwk.  It  is  a  well  established  law  that 
streams  flowing  on  rock  tend  to  migrate  down  the  dip  of  the  rock.  This  shift- 
ing Is  true  in  the  Dearborn  upland  area  to  a  considerable  d^pree,  yet  there 
are  several  notable  exceptions  to  it.  Lower  Whitewater  River,  Tannors, 
Hogan,  lower  Laughery,  and  other  smaller  creeks  in  Ohio  and  Switzerland 
counties  turn  and  flow  against  the  dip,  contrary  to  the  wdl  established  law 
for  minor  streams."  Thi.s  feature  is  one  of  the  very  suir^re>tive  evidences  of 
the  former  flow  of  the  Kentucky  River  northeastward  up  the  present  Ohio 
and  Big  Miami  rivers,  as  has  been  previously  suggested. 

With  regard  to  structural  influences  on  the  course  of  the  upper  part  of 
Laughery  Creek,  Ward"^  says:    "As  a  consequence  of  the  dip  of  the  rock  to 
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the  west  in  this  connty  [Ripley],  Laughery  has  been  forced  always  toward 

the  westirn  liank  with  vrreatcr  pressure  than  toward  the  eastern.  This  fact, 
In  connection  with  the  pre?>encb  of  a  re&istant  rock  on  the  west,  and  soft  rock 
on  the  east,  has  resulted  in  a  peculiar  valley  form.  The  western  valley  side 
is  practically  everywhere  steep — so  steep  that  cultivation  is  entirely  out  of  the 
question.  It  is  an  ideal  ditT-and-talus  slope  for  much  of  its  course,  averag- 
ing something  more  than  126  feet  in  height  thxoughout  the  coun^.  The 
eastern  valley-side  is  much  less  precipitous,  in  some  places  araUa  ffom  top 
to  bottom,  and  nearly  everywhere  of  Kc^ntle  slope  enough  to  allow  an  accumula- 
tion of  soil  over  the  rocks."  Ward  has  here  also  described  the  Laughery 
escar)inu'nt  which  marks  a  portion  oi  the  western  boundary  of  the  Dearborn 
upland.  The  rather  striking  alitrnment  of  the  valleys  of  the  west  fork  of 
Whitewater  Uivcr,  Salt,  Laughery,  and  Indian-Kentuck  creeks  has  been  ex- 
plained by  Newsom**  as  probably  due  to  the  influence  of  westward  dip  of  the 
strata.    Such  is  very  probably  the  case. 

The  lithological  constitution  and  .succession  ol'  the  rock  strata  which  com- 
pose the  Dearborn  upland  area  have  been  important  in  controlling  the  topog- 
raphy of  many  of  the  land  forms.  The  main  streams  have  cut  (lee{)ly  below 
the  uplifted  peneplain  surface,  and  the  rock  on  the  Kreat  rounded  spurs  and 
steep  hillsides  is  very  near  the  surfaee.  but  not  so  frequently  exposed  as  should 
be  expected  where  the  relief  is  so  extreme.  The  strata  are  in  ilie  a^k'^regate 
more  than  one-half  shales  and  clays  of  very  non-resistant  character,  the  re- 
mainder being  rather  resistant  limestones  of  a  flaggy  nature  intercalated  with 
the  soft  shales.  Towards  the  bases  of  the  hills  the  shales  are  much  more 
abundant  than  the  limestones,  but  the  upper  parts  of  the  hills  and  the  upland 
surface  are  largely  composed  of  limestones  which  at  certain  horizons  take  on 
a  relativdy  massive  diameter.  The  limestones  are  mueh  more  resistant  to  the 
destructional  agencies  than  the  shales,  but  the  weathering  of  the  shales  allows 
the  flaggy  limestones  to  slump  down  the  slopc-s.  Bed-rock  in  place  is  rather 
infrequently  seen,  considering  the  sharpness  of  the  relief.  The  presence  of 
the  more  abundant  and  rather  resistant  limestone  in  the  \ii>i)ef  horizons  has 
been  an  important  factor  in  the  preservation  of  much  of  uplifted  peneplain 
surfaee  which  composes  the  relatively  level  upland  tracts,  reaching  an  eleva- 
tion of  '.too  to  1,000  feet.  This  feature  also  is  responsible  for  the  steeper 
slopes  of  the  lower  parts  of  the  valley  side^.  The  presence  of  the  intercalated 
shales  throughout  the  whole  thickness  of  the  upland  strata  cau.ses  a  general 
lack  of  resistance  to  the  destructional  agencies,  and  is  responsible  for  the  great 
rounded  spurs,  smooth,  uniform  slopes  and  general  lack  of  unpulai  ity  which 
characterize  the  dissected  portion  of  the  Dearborn  upland.  Clilfs  arc  rare 
features  throughout  the  area.  The  valleys  are  rather  broad,  though  the 
streams  are  swift  except  in  their  lower  courses.  The  breadth  of  the  valley 
floors  may  be  a.ssigned  for  the  most  part  to  the  predominance  of  non-re.sistant 
shales  at  the  horixon  of  the  valley  floors. 

Influence  of  l)raina>re  Modifications. 

The  second  factor  of  importance  affecting  the  present  topographic  condi- 
tion of  tile  Dearborn  uphind  area  was  the  drainage  changes  due  to  stream 
obetruction  by  gladal  ioe  during  the  earlier  part  of  the  Pleistocene  period. 
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The  question  of  the  size  of  the  prc-Rhioial  Ohio  Ilivor  along  the  southern  border 
of  Iruliaiia  has  already  been  di-cu  h*  some  len^rth.  Under  oithei  interpre- 
tation us  to  its  former  size  and  the  position  of  its  former  headwaters,  the 
present  Ohio  River  is  many  times  larger  than  its  pre-gladal  predecessor.  The 
preat  inrrcaso  in  tlic  size  of  thr  stream  nndoubtc«lly  caused  con.sideiablo  doep- 
ening  and  widening  of  the  valley  formerly  occupied  by  it,  or  other  valleys 
whidi  it  supplanted.  With  the  advent  of  a  major  trunk  stream  in  such  dose 
proximity  to  an  upland  which  possessed  no  major  drainape  lines,  erosion  was 
Biuatly  increased.  Tributary  streams  were  f^eatly  steepened  and  erosion  along 
fh«r  eourses  was  also  speeded  up.  But  the  itreatest  accentuation  of  relief 
because  of  such  drainage  changes  was  in  the  vicinity  of  the  Ohio.  How  great 
the  increase  in  rdirf  was  is  somewhat  ronjectural.  A  careful  study  of  the 
terraces  and  benches  along  the  Kentucky  and  Licking  rivers  of  Kentucky  would 
probably  throw  much  light  on  the  problem. 

Other  drainage  changes  of  importanco  are  more  definitely  related  to  the 
Illinois  glacial  stage.  It  is  probable  that  a  portion  of  the  upper  part  of 
Laughery  Creek  owes  its  position  to  post-Dlinoian  stream  adjustments.  Cer- 
tainly  tlu-  head  water  are:is  of  many  of  the  minor  streams  began  on  the  glacial 
plain  developed  at  the  level  of  the  old  peneplain  surface,  and  flowed  for  some 
distance  without  reference  to  the  pre-lUinoian  valleys.  Just  what  relation  the 
Whitewater  River  drainage  basin  bears  to  its  pre-IUinoian  predeoeasOT  is  not 
clear.  The  mifldk  ami  lower  paits  of  the  present  stream,  however,  occupy  the 
prc-lUinoian  valky,  but  at  an  elevation. of  100  to  200  feet  above  the  bed-rocV 
door  of  the  <Ad  valley. 

Influence  of  the  lllinoian  Glaciation. 

The  third  factor  mentioned  above  as  entering  into  the  full  explanation  of 
the  present  topogiaphic  features  of  the  Dearborn  upland  area,  is  that  of  the 
lllinoian  glaciation.  Previou.<(  to  the  lllinoian  glaciation  of  the  region,  dissec- 
tion was  probably  greater  than  at  present.  The  ice-sheet  over-rode  the  entirt 
uplan<l  area  in  Indiana,  and  on  its  retreat  practically  all  of  the  smaller  valleys 
were  eflFaced  and  the  larger  ones  were  more  or  less  deeply  filled.  The  great 
Ohio  River  valley  which  had  previously  come  into  existoiee  was  probaUy  at 
no  time  entirely  obstructed""  though  the  theory  of  an  ice-dam  in  the  vicinity  of 
Cincinnati  has  been  stoutly  held  by  Wright""  and  evidence  to  support  the 
existence  of  the  ice-dam  has  been  advanced.  A  general  effect  of  the  ice-sheet 
was  the  reconstruction  of  a  plain  somewhat  simulating  the  old  Tertiary  pene- 
plain surface  and  at  its  identical  level.  This  effect  is  not  generally  appre^ 
dated. 

The  relativdy  wide  areas  between  the  deeply  set  valleys  of  the  old  Tertiary 
peneplain  appear,  \\  hen  looked  at  casually,  to  have  changed  little  since  the 
development  of  the  ])t>neplain.  Yet  evidence  is  at  hand  which  shows  that  the 
nhlilarity  uf  the  upland  surface  to  the  old  peneplain  surface  is  more  apparent 
than  real.  Not  so  much  of  it  has  actually  been  prcoei-ved  intact  as  the  jireypnt 
surface  would  .seem  to  indicate.  Wells  on  the  plateau-like  interslreuni  tracts 
of  the  upland  usually  encounter  bed-rock  within  ten  or  twenty  feet,  since  the 
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drift  as  a  whole  is  quite  Uiin.   But  oeeasionally  drift  is  penetrated  to  depths  « 

of  fifty  and  pi>hty  feet*  indicatinj;  the  i-vt"ience  of  pre-lllinoian  valleys  where 
now  no  vestijfc  of  them  exists.  The  restoration  of  the  surface  of  the  old  up- 
lifted peneplain  by  deposition  of  ^Incial  debris  in  the  valleys  was  probably 
fairly  complete  over  much  of  the  upland  surface,  but  the  fcrcat  relief  com* 
Irined  with  the  proximity  to  the  major  streams  has  causcrl  much  of  the  rrcon- 
Structed  surface  to  be  destroyed.  The  present  valleys  are  nearly  everywhere 
sunk  in  bed-rock.  Little  drift  is  noticeable,  partly  because  mttch  of  it  1ms 
been  removed  anri  partly  because  on  the  upland  tracts  where  it  has  not  been 
entirely  removed  it  is  covered  by  a  fine,  whitish  day  soil  termed  loess.  Evi- 
dence of  fflaeifttion  is  largely  removed  or  obscured.  Ward'**  in  briefly  disease* 
ing  glaciation  in  the  counties  of  southi  a- U  i  n  Indiana,  says:  "But  of  the 
actual  presence  of  ice  within  ^e  limits  of  these  counties  there  is  little  evidence, 
except  in  the  extreme  northern  portion."  Again  Bigney'"  says:  "Dearborn 
County  seems  not  to  have  been  invaded  by  the  Glaciers,  except  alon^;  the  east- 
ern margrin."  The  evidence  obtained  from  wells,  however,  diows  that  glacia- 
tion  was  of  more  importance  than  is  generally  believed. 

Influence  of  the  Wisconsin  Glaciation. 

The  Wi-^cnnsin  irlaciation  chan>red  the  larpor  part  of  the  present  Dear- 
born upland  area  but  little.  The  northern  edge,  however,  was  covered  with 
drift  material,  and  the  former  surface  largely  obscured.  In  the  vidnity  of 
Whitewater  River  and  its  chief  tributaries  the  Wisconsin  drift  has  been  mostly 
removed  and  bed-rock  conditions  prevail.  Here  valleys  with  steep  sides  and 
gnmt  projectinir  rounded  promontories  between  the  valley  trenches  are  quite 
as  characteristic  of  the  Dcaihorn  upland  a-<  tluy  aie  farther  south.  Towards 
the  northern  edge  of  the  upland  in  southern  Wayne  County  the  drift  mantle 
becomes  quite  thick  and  the  bed-rock  surface  no  longer  give-s  expression  to  the 
landscape.  The  topoffTaphic  aspect  is  rather  that  characteristic  of  the  glacial 
plain  to  the  north. 

A  minor  consei|uence  of  the  Wisconsin  friaciation  is  seen  in  the  great  val- 
ley>train  along  Whitewater  valley.  11. i  valky  is  deeply  fille<l  with  outwash 
from  the  Wisconsin  ice-sheet,  and  the  purlial  removal  of  the  valley-train  has 
given  rise  to  terraces  flanking  the  prt.<cnt  flood  plain.'"  A  terrace  some  60 
feet  above  low  water  mark  also  occurs  in  the  Oliio  River  valley.  This  terrace 
is  rarely  more  than  a  half-mile  in  width.  Perhaps  the  Ki'^att  st  valley  expanse 
in  the  Dearborn  upland  area  occurs  below  the  mouth  of  the  Big  Miami  River, 
Stretching  southwestward  to  the  vidnity  of  Aurora  in  southeastern  Dearborn 
County.  It  comprises  .some  10  to  12  s(|uai-e  miles  of  flat  valley  floor.  This 
area  is  known  locally  as  the  "Big  Bottoms.""* 

Development  of  the  Muaeatatuek  Regional  Shpe, 

Unity  and  Subdivisions. 

The  Muscatatuck  renioaal  slope  ha .  been  described  on  a  previous  page  as 
an  upland  area  which  slopes  gently  to  the  southwest  from  the  western  margin  , 
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of  the  Dearborn  uphiTvl,  and  merges  into  the  Srott.«burn:  lowland  lyinn  on  the 
west.  The  drainage  is  down  this  .slope  and  is  typically  represented  by  the 
various  branches  of  the  Hiueatatuck  River  in  JeffeTSon  and  Jennings  coun- 
ties. The  northern  part  of  this  r<■^!:ional  slope  is  covered  by  Wisconsin  drift, 
yet  the  i>lope  of  the  region  has  been  preserved.  Here  it  has  the  surface  char- 
acteristics of  a  Rladal  plain,  since  the  underlsrinir  bed-rock  ffives  little  expres- 
.sion  to  the  surface.  Thus  the  rrcional  slope  may  he  divided  into  two  .sec- 
tions, one  lying  north  of  the  Wisconsin  drift  boundary  line  and  the  other  and 
more  typical  portion  lying  soath  of  this  line.  This  latter  section  was  entirely 
covered  by  the  Illinoian  ice-^heet,  and  much  of  its  flattish  aspect  is  that  of  a 
glacial  plain,  though  the  .slope  is  manifc.<;tly  dependent  upon  the  slope  of  the 
underlying  bed-rock  surftice.  Bed-rock  in  the  southern  section  of  the  slope 
is  usually  close  to  the  surface,  as  the  drift  covering  is  thin.  The  northern 
section  of  the  regional  slope  is  covered  m^^re  deeply  with  glacial  drift,  and  the 
underlying  bed-rock  slope  is  as  a  whole  obscured.  The  unity  of  the  regional 
slope  is  expressed  in  the  fact  that  the  slope  of  the  underlying  bed-radc  surface 
i.s  the  controlling  feature  in  both  sections,  for  the  surface  slope  of  the  entire 
area  corresponds  to  the  slope  of  the  bed-rock  surface.  The  later  Wisconsin 
drift  of  the  northern  section  has  been  more  uniformly  and  deeply  spread  over 
the  underlying  suifncy  than  the  thin  coatinn  of  earlier  Illinoian  drift  over 
the  bed-rock  surface  of  the  southern  section  of  the  same  regional  slope.  This 
condition  must  be  understood  in  order  to  appreciate  the  unity  of  this  physio- 
graphic region.  It  may  be  said  then  that  just  one  more  physiographic  event 
has  occurred  in  the  northern  section.  This  event  did  not  destroy  the  funda- 
mental  slope,  though  the  minor  surface  characteristics  were  considerably 
altered. 

Influence  of  Structure  and  Lithology. 

The  pre-glacial  (or  rather  prc-Illinoian)  development  of  the  area  now 
designated  as  the  Huscatalttck  regional  slope,  well  illustrates  the  control  of 

bed-rock  conditions  over  physiographic  rcf^ions.'"  The  strata  dip  to  the  west- 
southwest  at  the  rate  of  ten  to  twenty-five  feet  per  mile.  This  homoclinal  dip 
on  the  western  limb  of  the  Cincinnati  arch  in  eonneetion  with  former  pene- 
planation  la  respon.sildc  foi  the  exposure  of  .strata  of  different  ages  and  degrees 
of  resistance  to  weatht  rir.K  and  ero.-ional  a^rencies.  (Fig.  17.)  The  upper 
Ordovician  limestones  and  shales  dip  beneath  the  relatively  resistant  Silurian 
limestones  at  the  eastern  edge  of  the  Muscatatuck  regional  slope.  West  of  the 
ea.stem  ed^re  of  the  outcropping  Silurian  limestones  these  strata  are  exposed 
only  in  the  bottoms  of  the  entrenched  valleys.  The  Silurian  and  Devonian 
(chiefly  the  JelTersonvitle)  limestones  make  up  some  150  feet  of  strata  which 
constitute  the  main  bed-rock  surface  of  the  Mu>catatuck  regional  slope.  These 
limestones  form  a  resistant  unit  as  compared  to  the  shales  which  succeed  them 
Rtratigraphically.  The  New  Albany  shale  weathers  readily,  and  is  present 
over  the  lime-tone  on  the  broad  interstrcini  fr.u-ts  whfre  it  is  protected  from 
disintegration  by  a  deep  .soil  or  by  a  glacial  covering.   On  the  Muscatatuck 

hiix  Hhnwn  sptNrificHlly  thKt  th«  dnUMR*  Erection  at  this  nalt.  the  topoanphte 

fnrmx  t>rfwnt.  Hn>1  ihr  i>hv«i<>uni|ihir  unit  ItKelf.  aiv  du«  clearly  to  the  dtp  of  the  strata  and 
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regional  slope,  it  is  chiefly  contiiifd  lo  ihe  we-^tern  third.  A  jjrcat  ihickiitss  of 
clays,  sandy  sliales,  and  impare  sandstones  composing  the  Borden  series  (Knob- 
stone:  sec  T)r  rumin';:'  roport  on  noni«'ncl:ilU!e  ;inrl  stratiirraphy)  succe<>d 
the  New  Albany  shale.  The  sand.stones  of  the  scries  come  mainly  at  the  top. 
The  lower  portion  of  the  series  is  even  less  resistant  to  weathering  and  erosion 
than  the  New  Albany  shale.  \nne  of  the  strata  of  the  Borden  scries  are 
present  on  the  Muscatatuck  regional  .slope  as  it  now  exi:>ls,  but  probably 
foraied  a  part  of  the  overlyinir  strata  before  the  present  stage  of  development. 
Sw  Fig.  17. 

The  relative  resistance  of  the  above  mentioned  formation:!  may  be  judged 
by  the  topographic  forms  prtsent  mi  tlw  are*  of  outerop  of  «ach  unit  and  by 
ftw  rdative  altitodas  of  the  strata  which  together  form  a  resistant  unit  as 
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Fiir.  17.  A.  Rot^nsi rui-l.-<l  Tt-rtinry  |><-ni'|ilnin  (Hisrhliind  Rim».  H.  DiRirrfiinmtttIc  Mic- 
tion •ci'iM  the  MuM'niii'iii  k  Fi  uiivniil  -lopo  Hnd  thi-  Scm islun  l.iuliinil  iuin-.  -hmviii.-  'In  pn>(i|<- 
ot  the  btnl-rock  surfarc  iin<l  ihi'  Htrurtuinl  nnil  lithDlouic-al  l'^'lntllln^hi|l•'.  II  llai  r<i<l«liiii v  l-im<-- 
•tone:  R-=  Rivprside  s«nil>ti>nr  <KlKtlMtnn<->  :  Nr=Nfw  rmvicU-nci-  Khali-  (Knobatoni-)  :  NA  = 
Ntw  Albuny  shale;  DS^*  Ocvoniui  aiid  Silurian  limcKtonea;  O— Ordovician  limmlwirs  and 
ahslm.  Scetlan  70  mlln  hmir.  8eetio«i  mt  hue  8S0  r««l  above  ac*  level  and  vppenncnt  sarCMC 
ef  aeetlon  1.000  feet. 

compared  with  those  which  form  a  non-resistant  unit.  It  is  lar^rely  on  the 
basis  of  these  features  that  the  Muscatatuck  regional  slope  and  the  ScotLsburg 
lowHuid,  as  well  as  other  physiogi*aphie  nnits  of  southern  Indiana,  have  been 
dilTerentiated. 

It  is  presumed  that  at  the  close  of  the  early  Tertiary  peneplanation  there 
was  little  difference  in  the  general  level  of  the  entire  Highland  Rim  peneplain 

as  developed  in  soutln  i  ii  Indiana.  The  rernnst ruction  of  the  peneplain  at- 
tempted in  the  accompanying  illustration.  Fig.  17-A,  is  not  ^o  much  for  the 
purpose  of  showing  the  peneplain  surface  as  for  the  representation  of  the 
strata  on  which  it  was  di  veloped.  After  uplift  of  the  peneplain,  weathering 
and  erosion  of  the  different  strata  proceeded  in  a  very  unequal  manner,  but 
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i-ather  strictly  in  accordance  with  their  relative  re:jihtance.  The  New  Albany 
shale  and  the  New  Providence  ehale  were  rapidly  stripped  off  from  tiie  under^ 
lyinp  Devonian  anrl  Silurian  limostoncs.  This  removal  nf  thi'  non  resistant 
strata  proceeded  progressively  from  eai>t  to  west.  At  the  same  time  that  the 
ronoval  of  the  non-resistant  strata  was  talrinir  place,  laying  more  and  more 
of  the  limestone  surface  bare,  the  slow  destruction  of  the  attenuated  eastern 
margin  of  the  limestone  mass  fjave  rise  to  an  increase  in  the  area  of  the  Dear- 
bom  upland;  but  the  contrasting  resistance  of  the  limestone  unit  and  the 
underlying  Ordorieian  strata  fr^ve  rise  to  an  escarpment  at  the  eastern  edge 
of  the  Muscatatuek  regional  slope,  vvhirh  on  a  previous  paf^  has  been  de- 
scribed as  the  Laughery  escarpment.  The  New  Albany  shale  has  not  yet  been 
entirdy  removed  from  the  interstream  areas  of  the  regional  dope  on  tlie  west 
The  prosence  of  the  shale  on  the  interstream  tracts  on  the  westStn  third  of 
the  regional  slope  is  in  part  due  to  its  position  and  in  part  due  to  a  protective 
covering  of  gtadal  till,  and  probably  also  in  part  to  rejnvenation.  Bnt  in  any 
case  the  western  niari^in  of  the  slope  would  contain  some  shale  on  the  inter- 
stream spaces,  since  it  merges  gradually  into  the  Scottsburg  lowland  on  the 
west 

The  surface  of  the  Muscatatuek  regional  slope  is  a  elose  approach  to  a 
structural  upland  plain  ihe  inclination  of  which  is  very  near  the  inclination 
or  dip  of  the  strata  on  which  it  is  developed.'"  For  instance,  along  the  line 
of  the  Baltimore  and  Ohio  Railway  from  Osgood  near  the  eastern  boundary^  of 
the  regional  slope  to  Hayden  at  the  western  boundary,  a  distance  of  2fi  miles, 
the  strata  dip  475  feet  or  at  ihe  rate  of  a  little  over  18  feet  per  mile;  the 
sarfaee  of  the  rcffional  slope  along  the  same  line  inclines  400  feet,  or  at  the 
rate  of  a  little  over  ITi  fei-t  to  the  mile.  Thi-;  sHpht  difTerencc  in  the  dip  of 
the  strata  and  the  inclination  of  the  regional  slope  may  be  acoounted  for 
largely  by  the  relative  ages  of  the  enstem  and  western  maziias  9t  the  slope. 
The  eastern  ed^'c  was  already  in  a  bemled  eonditimi  at  the  tiu«  of  the  uplift; 
in  addition  the  eastern  marpin  wa.s  uncovered  before  the  western  edge.  In 
fact,  the  western  edge  is  still  being  stripped  of  its  burden  of  overlying  non- 
resiatant  strata.  See  Fig.  17. 


Glaciation  had  little  to  do  with  the  general  dcvrlopmrnt  of  the  Musca- 
tatuek regional  slope.  Glaciation  took  place  chiefly  after  the  slope  was  devel- 
oped. Bnt  the  present  drainage  lines  of  most  of  the  area  were  developed  after 
l^dation.  Apparently  most  of  the  pre-Illinoian  streams  north  of  the  Ohio 
River  were  small  and  hud  approximately  the  same  arrangement  down  the 
slope  as  at  present.  These  pre-Illinoian  valleys  were  probably  largely  effaced 
In  tht  deposition  of  drift,  only  a  thin  coating,  however,  having  been  left  OH 
the  upland  interstream  tracts.  The  Illinoian  glaciation  gave  rise  to  a  flat 
plain  substantially  without  vallej^L  The  present  drainage  lines  have  been 
developed  subsequently  on  the  glaciated  surface  Great  areas  of  the  level  till 
plain  in  southeastern  Decatur,  western  Ripley,  Jennin^rs,  middle  Jefferson  and 
eastern  Clark  counties  still  exist,  and  over  much  of  them  the  bed-rock  lies 
from  10  to  26  feet  below  the  surface.  Oceadonally  wdls  penetrate  frma  60 

Sicb<>nthBl.  25th  Ann.  S«pl.  bd.  Gwl.  Snrr*  UOOu  PP.  SBMSO;  Nemoa  tSIb  Ana.  Rcpt. 
IniL  G«ot.  Surv.,  1901 ;  pp.  tt$-a»,  2S7-4M. 
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lo  100  feet  of  f^lacial  drift  where  ihe  pie-Illinoian  valleys  were  located.  But 
for  the  most  part,  it  is  probable,  thut  the  present  drainage  lines  occupy  the 
old  valleys,  especially  in  the  western  half  of  the  regional  slope.  The  present 
upper  branches  of  the  Mu.>;catutuck  River  in  Jefferson,  Ripley,  and  Jennings 
counties  and  the  upper  part  of  Sand  Creek  in  Decatur  and  northern  Jennings 
counties,  are  to  all  appearances  post-Illinoian.  These  streams  are  relatively 
swift  and  flow  over  bed-rock  surfaces  except  locally,  and  they  occupy  narrow 
entrenched  valleys  with  prominent  cliffs  and  bluffs  of  limestone.  The  Vernon 
Fork  of  the  Muscatatuck  is  characteristic.  In  western  Ripley  County  it  is 
but  slightly  entrenched,  but  in  middle  Jennings  County  it  is  conspicuously  sunk 
below  the  bordering  rather  flat  upland  plain.  It  reaches  its  maximum  en- 
trenchment in  the  vicinity  of  Vernon  where  it  is  from  140  to  160  feet  below 


Flft.  18.  Vipw  of  the  enlri-nchpcl  Muncatatuck  River  at  Vernon,  in  middle  Jenninn.i  County. 
Thp  K«fner«l  nltllutle  n{  the  MuiM:jil»l<irk  n'urionHl  jilnin-  h<Tu  i»  750  fi-H.  hut  the  MuKfalMuck 
River  is  alMiut  600  fret  in  nitltudo.  It  is  a  nwift  atrctiin  and  flows  over  bed-rock  in  thin 
locality.  Il  has  nil  the  asiXTLx  of  n  youthful  sirtfim,  thouKh  hiTi-  il  hum  nonn'  unusual  meander 
curve*. 

the  general  level  of  the  upland  surface.  Here  it  has  a  series  of  remarkable 
entrenched  meander  curves,"'  though  meander  curves  are  quite  characteristic 
of  most  of  the  streams  in  the  middle  and  eastern  part  of  the  regional  slope. 
At  the  western  margin  of  the  regional  slope  the  Muscatatuck  River  flows  in  a 
wide,  open  valley  with  no  bluffs  of  any  con.seiiuence.  The  limestone  is  here 
about  at  the  level  of  the  valley,  and  the  overlying  shales  seldom  give  ri.se  to 
bluffs.  It  is  at  this  .stratigraphio  horizon  that  the  Muscatatuck  regional  slope 
merges  into  the  Scottsburg  lowland  with  its  extraordinarily  wide  valleys  and 
low-lying  uplands. 

Some  vei-y  .striking  features  of  valley  erosion  occur  in  Jefferson  County. 
The  tributaries  of  Big  Creek  (one  of  the  forks  of  Mu.scatatuck  River)  head 
on  a  remarkably  flat  divide  extending  northeast  and  north  from  Hanover. 

"'Dryer,  The  Meanders  of  the  Musrnl«i<urk  at  Veini>n.  Indiana:  Proc.  Ind.  y\cad.  Sci.  for 
189A.  pp.  2'0-273. 
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See  Figures  19,  and  20.  This  divide  ranjfcs  in  elevation  from  850  to  925 
feet  and  is  in  close  proximity  to  the  Ohio  River  in  the  vicinity  of  Hanover. 


Fig.  19.  View  of  Oiv  flnl  MuwnlnUicK  Rt'xional  slnjio  on  the  diviile  belwwn  Inilian- 
Kentuck  Crei'k  and  Bie  Creek,  about  6  milcH  nurth  of  Madison  on  the  Veraaillcs-MadiBon  rood. 
Hero  the  Muscatntuck  rcKiunal  sIoik-  i»  neen  in  its  typical  atipcctt  near  iU  high  eastern  margin. 
Its  altitude  here  it  itliirhtly  more  than  900  tixi. 


Tilt.  20.  View  of  Bin  Creek  n««r  itii  nouree  In  northern  JcfTernon  County,  on  the  Ver- 
Haillrff-Madison  rund.  Rl»r  Creek  here  is  morif  than  900  feet  in  altitude,  and  in  barely  below 
the  greneral  level  of  tho  plain  of  tho  Mu«en(atiick  rOKionul  sloiit*.  It  flowa  over  l>«l-nx-k  for 
miles.  UH  »howri  in  th<-  view.  Karthcr  down  in  itn  cour.<ie  it  becumva  intrenched  in  the  inclined 
fdain,  and  bwomes  ii  vi-i  iliilili  Ki>rKe  with  ■iti-«'|>  lirncjitoiii'  wallo. 


Culbertson""  has  called  attention  to  drainage  conditions  and  the  peculiarities 

Culb<T(«>n.  Some  Pcrulinritieii  in  the  Vulli-y  Eroiiion  of  BiK  Creek  and  TributJirle!*: 
Proc.  Ind.  Acad.  Sci.  for  I'.'OT.  i»p.  101-103.  AI.441  Geoluxy  and  Natural  Re»ouref»  of  JelTeriion 
County:  40th  Ann.  Kept.,  Ind.  Geol.  Surv.,  1315.  pp.  ^23-239. 
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of  valley  erosion  of  the  region.  Most  of  the  tributaries  of  all  the  north  or 
south  flowing  streams  flow  westward.  Only  short  insignificant  stream.s  come 
in  from  the  west  side.  See  Fig.  21.  When  the  streams  flow  in  a  nortliorly 
or  southerly  direction  they  meander  to  a  marked  degree,  liecurving  is  very 
striUng.  "The  banks  of  the  stream,  as  well  as  the  sides  of  the  valley,  where 
the  meanders  are  praminentt  are  atanost  perpoidiciilar  cliifs  on  the  convex  side. 


FUr.  21.  Sketch  map  of  Bic  Creek  draiiukge  amitcai  in  Jafferam  Onontr  (afltr  Otribntnii). 
■ItowinK  the  prominence  of  the  devHapinent  of  wcaterlj  flowing  atrnuns  m  contnutod  ta  the 
notable  Uck  of  earterly  flnwint;  xtrennn. 


These  cliffs  reach  the  height  of  100  to  150  feet  in  the  lower  portions  of  the 
stream.  The  concave  sides  of  the  meanders  have  gentle  slopes  from  one-fourth 
to  one-half  a  mile  in  Icn^rth."  The  strata  in  which  the  valley  of  Bin  Creek 
is  developed  are  largely  limestones  of  Devonian  age,  and  the  dip  is  from  10 
to  16  feet  per  mfle  in  a  westerly  direction.  The  underlying  Silurian  limestones 
which  commonly  form  the  bottoms  of  the  stream  beds  are  much  more  resistant 
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than  the  Devonian  limestones.  "The  stream  bed?,  in  s:eneral,  follow  the  dip 
of  the  rocks.  In  places  the  bed  of  the  .stream  i.*?  upon  the  ^amc  layer  of  rock 
for  long  di.^tances.  Kxcellent  examples  of  this  may  be  found  in  the  bed  of 
Harberts  Creek  between  Volga  and  Smyrna  church,  as  well  as  along  parts  of 
Middle  Fork  and  Big  Creek.  The  dip  of  the  rock  .strata  has  had  much  to  do 
with  the  long,  gently  sloping  .streams  flowing  westward." 

"The  tributaries  that  flow  in  an  easterly  direction  and  against  the  dip  of 
the  rock  are  very  short  and  their  gradients  are  very  high.  In  many  of  them 
the  water  pours  into  the  main  valleys  over  falls  located  but  a  few  hundred 
feet  from  the  main  .stream.  .  .  .  The  easterly  flowing  tributaries,  eroding 
their  beds  largely  or  entirely  in  the  black  shale  [New  Albany],  have  cut  some- 
what longer  courses  than  those  in  the  limestone,  but  in  no  ca.«e  do  they  even 
approximate  the  length  of  the  westward  flowing  tributaries. 


Fix.  22.  "Hangint;  Rook."  on  tho  iStatp  HiKhway  nenr  Madi^nn.  showinir  the  mn^osivr 
Saludii  limojilono  hx  n  cliff  furtner  over  ihv  winkvr  rtrwta  b<'rio«th.  KalU  10  to  8(1  feet  tire 
common  over  this  rocic  on  the  short,  preripitouii  strcam<i  descending  frtim  the  hinh  upland  plain 
Into  the  deeply  intrenched  Ohio  River  in  the  vicinity  of  Marlison  and  llanovpr.  This  i»  the 
only  vicinity  alonic  the  Ohio  River  on  the  southern  border  of  Indiana  where  wtiler-falts  of  any 
significance  occur. 

"The  meanders  of  these  streams  are  in  all  probability  a  con.sequence  of 
the  variable  resistance  of  the  rocks  followed  by  maximum  erosion  of  the  con- 
vex side  of  streams.  They  are  probably  consequent  on  the  slope  of  the  orig- 
inal land  surface,  although  they  may  have  been  somewhat  modified  by  the 
thin  mantle  left  by  the  glaciers." 

The  streams  which  enter  the  Ohio  River  from  the  Muscatatuck  regional 
slope  between  Indian-Kentuck  Creek  on  the  east  and  Fourteen  Mile  Creek  on 
the  we.st,  arc  relatively  short,  and  de.scend  over  rocky  courses  to  the  Ohio  Kiver 
which  lies  from  250  to  450  feet  below  the  surface  of  the  regional  slope.  Those 
in  the  vicinity  of  Madison  and  Hanover  plunge  over  falls  ranging  from  40 
to  100  feet  high.  In  addition  to  the  resistant  Silurian  limestones,  one  of  the 
uppermo.st  formations  of  the  Ordovician  system  of  the  locality,  the  Saluda 
limestone,  becomes  a  very  prominent  cliff  maker,  and  the  chief  falls  of  the 


166 


Department  op  Conservation 


Madison-Hanover  region  are  over  this  sandy,  dolomitic  limestone  which  is  from 
SO  to  GO  feet  thick.  (See  Fifg.  21.)  The  region  of  the  falls  on  ditty  Creek 
lias  now  become  one  of  the  state  parks,  and  is  one  of  the  most  picturesque  lo- 
calities of  the  entire  state.  It  is  probable  that  Clifty  Creek  has  grown  con- 
aidembly  nt  the  cxpenee  of  ibn  drainage  of  Little  Fork  of  Big  Credc  (See 
drainage  oonHguratioin;  Fig.  20.) 

The  northorn  srction  of  the  Muscatatuck  regional  slope  was,  as  stated  on  a 
previous  page,  subjected  to  the  Wisconsin  glaciation.  The  bed-rock  surface 
was  hnried  rather  deeply,  hut  the  main  dtreams  descending  the  regional  slope 
in  southern  Rush,  southeastorn  Shelby,  eastern  Bartholomew,  and  Decatur 
counties  have  cut  through  the  drift  into  the  underlying  bed-rock.  Sand, 
Clifty,  Flatrock  creeks,  and  other  streams  to  the  north  for  the  most  part  occupy 
vaUejrs  made  by  glacio-fluviatile  waters  of  the  Wisconsin  (glacial  sta^.  These 
streams  are  fairly  swift,  but  the  valleys  are  rathoi  hioaii  anfl  entrenchment 
is  slight.  The  uplands  between  the  main  valleys  are  little  modified  by  the 
present  drainage,  and  ponseaa  eharacteriatics  in  common  with  the  great  glacial 
plain  to  the  north. 

Development  <>f  tin-  Scoltsburg  Loicland. 

General  Statement. 

The  Scottsbur^f  lowland  has  been  developed  mostly  at  and  near  the  pres- 
ent base-level  of  erosion  on  the  New  Albany  shale  and  the  lower  shales  of  the 
Borden  series.  The  great  extent  of  valley  land  and  the  low-lying  uplands  are 
in  -^harp  contrast  to  the  high  upland  on  the  west.  The  altitude  of  its  surface 
ranges  from  425  feet  in  the  broad  valley  of  the  Ohio  liiver  to  somewhat  over 
TOO  feet  in  Johnson  County  where  it  loses  its  indentity  as  a  lowland  unit  in  the 
adjacent  glacial  plain.  Small  areas  of  greater  elevation,  such  as  in  the 
Bi-ownstown  Hills  in  Jackson  County,  stand  as  monadnocks  or  unreduced  por- 
tions above  the  general  Unriand  surface.  The  attitude  of  the  lowland  unit  will 
probably  average  close  to  500  feet.  The  altitude  of  the  sharply  contrasting 
Norman  upland  .surface  immediately  adjacent  on  the  west  will  average  fully 
900  feet,  or  840  feet  greater. 

The  Knobstone  escarpment  facing  the  lowland  area  looks  from  a  distance 

like  the  side  of  a  great  valley.  Collett  suggested  that  the  lowland  was  prob- 
ably the  result  of  a  mighty  glacial  stream  which  had  its  origin  in  the  glacial 
floods  from  the  north,  and  for  a  time  the  name  of  Collett  Glacial  River  or  Val- 
ley was  applied  to  the  lowland.""  This  stream  was  supposed  to  have  had  its 
main  course  down  the  broad  valley  of  Blue  Kiver,  heading  in  northern  Henry 
County,  and  to  have  passed  through  Shelby,  Bartholomew,  Scott,  and  Clark 
counties  to  the  Ohio  River.  Investigation,  however,  has  shown  that  no  evi- 
dence of  such  a  water  route  exists  south  of  the  Muscatatuck  River,  and  tlie 
work  of  Newsum  shows  detinitely  that  the  Scotlsburg  lowland  as  a  lowland 
area,  is  due  to  normal  erosion  conditioned  hy  structure  and  lithology.***  Newsom 
unfortunately  applied  the  name  of  En^lrni  I^ntrliiiid  to  the  area,  a  name  which 
would  confine  the  lowland  to  Indiana  and  in  addition  give  an  erroneous  im- 

'•S«e  11th  Ann  itopt..  Ind.  GeoL  Smv^  IBBt.  »».  IM-tM. 

u*8MiMrtlHi1.  tMh  Ann.  Kept..  Ind.  CM.  Sntv..  IMt.  pp.  UMM:  Leverctt.  U.  S.  Gcol. 
Snrv..  Monorr.  41.  IMC.  p.  77 1  Mewaoai.  Slit  Ana.  Rept,  Ind.  Gcol.  Snrv..  ISOl.  pp.  2U.sn. 
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pression  as  to  its  location.  Later  Wood'"  suKRCsted  the  name  Devonutn  VuUey. 
Thi«  name  is  unsuitable  for  the  reason  that  the  term  Devonian  is  in  common 
use  in  Keoloipc  sense.  Moreover  the  lowland  is  perhaps  better  developed  on 
the  lower  shales  of  the  Borden  series,  of  Mi.ssissippian  age.  The  New  Albany 
.shale  also  is  only  doubtfully  of  Devonian  aRc.  The  nante  Scoltsbuiff  Loivhnul, 
from  its  typical  development  in  the  vicinity  of  Scottsburg  is  subject  to  none  of 
these  objections. 

The  Scottsburpr  lowland  as  it  now  exists  is  the  product  of  normal  erosion 
and  glaciation.  Its  desi(!:nation  as  a  lowland  is  due  wholly  to  pre-glacial  ero- 
sion far  below  the  Noi-man  upland  on  the  west,  and  generally  much  below  the 
Muscatatuck  reffional  slope  on  the  east.  Glaciation  by  both  the  Illinoian  and 
Wisconsin  ice-sheets  greatly  modified  its  northern  portion,  and  completely  ef- 


Fiif.  23.    View  of  the  S<rotlaburK  lowlund  ncwr  ScolUburB,  Scott  County. 


faced  its  pre-glacial  continuation  to  the  north-northwest.  The  history  of  its 
development  has  probably  been  somewhat  as  follows: 

Pre-glacial  Development  and  Probable  Drainage. 

At  the  time  of  the  development  of  the  early  Tertiary  peneplain  in  southern 
Indiana,  most  of  the  area  now  designated  the  Scottsburg  lowland  was  covered 
by  the  upper  sand.stones  of  the  Borden  .scries.  See  Fig.  17.  If  there  was 
much  variation  in  the  elevation  of  the  peneplain,  it  is  likely  that  a  lowland 
slightly  depressed  below  the  areas  on  the  east  and  west  existed  somewhat  east 
of  the  present  lowland,  in  conformity  with  the  former  position  of  the  non- 
resistant  rocks  at  the  base-level  of  erosion.  The  drainage  of  southern  Indiana 
during  this  period  and  until  the  time  of  glaciation  was  considerably  different 
from  the  present,  though  the  position  of  the  chief  drainage  lines  has  not 
greatly  changed.    Apparently  four  main  drainage  lines  flowed  westward  across 


"'Wood.  Hiiitory  <>f  Indiana  during  the  Glacial  Period:  40th  Ann.  Rcpt.,  Ind.  (icol.  Surv., 
1913,  p.  11. 
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the  area  nearly  at  right  atiKles  to  its  trend.  Three  of  these  are  repre.sented 
in  the  present  drainaRe  lines,  thouerh  with  oonaiderable  modification.  The 
prcfJpcps-or  of  the  prr -cnt  Ohio  Ilivt  r  probably  headed  nrar  Madison  and  flowed 
along  the  present  route  of  the  Ohio  to  the  southwest  and  crossed  into  the  area 
now  designated  the  Norman  tipland  and  the  Mitchril  plain.  FarUier  north  a 
draina^'c  .sy.'^ti  m  ulon^r  the  approximate  line  of  the  present  Muswratatuck  crossed 
the  area,  flowing  almost  due  west,  as  that  stream  does  today.  The  Muscatatuck 
was  joined  by  a  stream  coming  in  from  the  northeast  along  the  linp  of  the  pres- 
ent Driftwood  or  While  River  in  Jackson  County.  This  stream  was  probaUy 
no  larjfer  than  the  old  Muscataturk.  The  fourth  stream  system,  somewhat 
more  hypothetical,  followed  the  line  of  the  present  west  fork  of  White  liiver 
below  Indianapolis.  It  probably  rcoeived  important  tribataries  from  the  east 
and  south,  a  fcn'u^f  notably  lackinjt  in  the  present  drainapc.  The  reason  for 
assuming  the  existence  of  such  a  stream  is  found  in  the  presence  of  the  wide 
pre-irlaciat  valley  of  White  River  below  Indianapolis,  and  in  the  known  eon- 
vcrKenc\>  of  ih'  pre  iflaciul  lowland  and  the  prc-slaclal  White  River  in  the 
vicinity  of  southern  Marion  County. 

After  the  uplift  of  the  well  developed  Tertiary  peneplain  the  drainage 
became  entrenched.  The  down-euttinir  ft  the  streams  faito  the  resistant  strata 
\\  f  -1  i  f  the  lowland  area  K.ave  opportunity  for  the  devi  Inpment  of  the  lowland. 
The  main  streams  cut  wide  valleys  in  the  easily  eroded  shales  of  the  lower 
portion  of  the  Borden  series  and  in  the  New  Albany  shale.  Tributary  streams, 
developed  during  the  preceding  cycle,  conveyed  large  quantities  of  the  wa-^te 
material  to  the  main  streams  which  in  turn  carried  ii  away  through  the  nar- 
row entrenched  valleys  in  the  uplands  on  the  west.  In  time  the  Scottsburg 
lowland  with  its  pre-glacial  continuation  to  the  north-northwCst  was  eroded 
far  below  the  surface  of  the  resistant  strata  on  the  west  and  east.  The  re- 
sistant rock  which  formed  the  initial  Knobstonc  cbcarpmcnt  was  undermined 
and  the  escarpment  retreated  westward  to  approadmately  its  present  posi« 
tion.    (.See  Fig.  17.) 

The  lowland  thus  developed  was  widest  and  best  expressed  along  the  main 
drainage  lines,  and  protruded  somewhat  farther  west  where  the  main  streams 
entered  the  upland  to  the  west,  as  may  be  .seen  at  present  along  the  Musca- 
tatuck  and  White  rivers  in  Jackson  County.  The  proximity  of  the  junction 
of  the  pre-glacial  Muscatatnck  and  White  rivers  to  ihe  area  of  non-resistant 
rock  tra\e  lisc  to  the  out-lying  Ihownstown  Hills  which  became  isolated  front 
the  main  upland  on  the  west  by  the  widened  and  coalescent  valleys  of  these 
two  streams.  A  correlative  of  the  Brownstown  Hills  exists  in  the  upland  mass 
of  hills  between  the  Ohio  River  and  Floyds  Fork  of  Salt  River,  JefTerson 
County,  Kentucky.  In  this  case  the  outlying  mas.<:  is  not  so  completely  set  oflT 
from  the  main  upland,  the  area  is  considerably  larger,  and  the  stream  valleys 
setting  off  the  area  are  not  so  well  balanced  in  size,  thoui^  in  this  latter 
respect  the  two  areas  were  probably  similar  previous  to  the  Pleistocoie 
period."" 

It  is  still  a  question  whether  or  not  any  portion  of  the  present  more  ele- 
vated interstream  surfaces  of  the  lowland  occurring  between  the  bi-oad  val- 
leys represents  the  level  of  the  late  Tertiary  peneplain.  It  may  represent  a 
still  later  base-level  of  erosion.  The  writer  favora  the  bdief  that  a  large  por- 

See  TopoKimpliie  and  Geolasie  Map  of  icfhnmii  Co.,  Kj.,  MeaniwiiyinB  tke  Kcpoit  of  tlie 
GeolasT  of  Joffonoa  Co.,  lny  Chu.  ButU,  Ky.  GooL  Sorv.,  Setta*  IV.  pt.  S,  IMS. 
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tion  of  the  typical  upland  flats  between  the  main  .streams  was  developed  dur- 
ing the  earlier  part  of  the  glacial  period,  involving  the  destruction  of  the  late 
Tertiary  peneplain  which  had  been  previously  developed.  The  solution  of  the 
question  await.s  detailed  topographic  mapping  and  further  careful  study. 

It  is  probable  that  the  present  topographic  condition  of  the  lowland  in 
the  region  draining  into  the  Ohio  Tiiver  has  a  rather  novel  origin.  "The  low- 
land plain,  stretching  north  from  Ix)ui.svi]le  consists  of  a  flat  to  undulating 
plain  var>'ing  from  430  feet  in  the  valleys  near  the  Ohio  River  to  something 
like  600  feet  in  elevation  on  the  low^  divide  between  Silver  Creek  and  the  tribu- 
taries of  the  Muscatatuck  River.  Since  there  are  a  large  number  of  hills  and 
flat  interstream  tracts  at  an  elevation  of  about  550  feet  at  the  .south  and  com- 
ing up  to  about  600  feet  near  the  above  mentioned  divide  to  the  north,  it 
has  been  stated  that  a  local  peneplain  was  formed  at  that  level.  The  writer 
concurs  in  the  belief  in  a  base-levelled  plain  of  local  area,  and  that  its  fur- 


FIk.  24.  View  of  the  Scottsburn  lowland  at  the  fmA  of  the  Knobstone  escarpment  n  milm 
nnrth  of  Ni-w  Albany.  Tli<-  Sr<ittxbur»  lowbtmi  ht^rr  hux  an  nltituik-  of  about  325  fit-l.  Thr 
creirt  of  the  Knobiitone  v»cari>mcnt  michpH  nn  altitude  of  npiirnximBtcly  l.ono  fe<.>t.  and  Ik  rep- 
reaentative  of  the  Hi>;hland  Rim  iicncplain. 


ther  development  was  terminated  by  rejuvenation.  The  rejuvenation,  how- 
ever, was  not  necessarily  brought  about  by  uplift.  The  di.ssection  of  the  plain 
was  very  likely  brought  about  by  drainage  changes  made  near  the  beginning 
of  the  Plci.«toccne.  The  prc-'^ent  Ohio  River  i.s  a  largt-  stream  made  up  of  a 
number  of  former  drainage  ba.^ins  which  were  more  or  less  destroyed  or  de- 
ranged by  combination  into  a  large  major  stream  approximatel;  skirting  the 
outer  limits  of  glacial  advance.  A  very  much  .smaller  stream  than  the  pre.sent 
occupied  this  territorj*  near  Louisville,  it  was  able  to  reduce  the  area  of  soft 
rocks  nearly  to  base-level,  but  it  had  a  much  steeper  gradient  than  the  much 
larger  present  Ohio.  When  the  presi  nt  Ohio  invaded  the  basin  of  the  much 
.smaller  pre-glacial  stream  the  local  peneplain  was  .statically  rejuvenated,  due 
to  the  sinking  of  the  larger  stream  into  the  piain  on  account  of  its  ability  to 
posse.ss  a  much  lower  gradient  in  its  grade  condition.  Such  a  rejuvenation  is 
here  called  aUitu;  rejuvenation. 
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"It  may  be  further  stated  that  the  region  of  the  M useatatock  River  to 

the  north  still  po.s,sesses  just  such  a  locnl  buse-levrlcrl  plain  a-;  existed  in  the 

New  Albany  locality.  It  is  inferred  that  the  stream  which  the  Ohio  dispoo- 
seised  wa^  somewhat  near  the  sise  of  the  Huseatatuek-White  River.  This 

stream  possesses  a  gradient  in  its  graded  condition  slightly  less  than  one  foot 
lo  the  mile,  while  the  Ohio  has  a  prradienl  below  New  Albany  slightly  less  than 
three  inches  to  the  mile.  It  would  appear  that  such  a  change  in  gradient 
woold  allow  a  trenching  of  something  like  90  feet,  which  is  approximately  the 
amount  of  the  dissection  of  the  local  peneplain  in  the  vicinity  of  New  Albany, 
using  the  flood  plain  m  the  present  local  base-level.  This  figure  is  derived  by 
taking  the  difference  between  the  gradients  of  tlie  Ohio  and  its  assumed 
prodpcossor  f?om  Krw  Albany  to  Cannclton.  a  distance  of  approximately  120 
miles.  In  the  latitude  of  Cunnelton  valley  Ailing  begins  to  be  rather  eoit- 
spieuous,  and  this  nullifles  any  difference  in  the  irradionts  of  the  former  and 
present  streams,  assuming  that  the  valley  filling  of  southwestern  Indiana  and 
associated  regions  took  place  during  the  Pleistocene.  A  still  further  cheek 
both  on  the  postulated  static  rejuvenation  and  its  amount  is  found  in  the 
peculiar  gradients  of  the  streams  onptying  into  the  Ohio  between  New  Albany 
and  Cannclton.  The  gradients  are  approximately  as  high  in  their  lower 
reaches  as  in  their  middle  and  upper  courses.  This  is  conspicuously  true  of 
Blue  River  and  Indian  Creek.  Other  complications,  however,  enter  into  the 
Aill  «cplanation  of  these  peculiar  gradients,  making  tJtis  a  problem  in  itself."" 

Modifications  hue  to  Glaciation. 

The  Illinoian  ire-sheet  covered  practically  all  of  the  Rcottsbui^r  lowland 
area  north  of  the  Ohio  River,  but  over  much  of  the  urea  only  a  thin  coating 
of  i^acial  drift  is  present.  Evidences  of  glaciation  south  of  the  Hweatatuck 
River  are  scanty.  Siebentbal'  '  in  summing  up  the  effects  of  glaciation  in  the 
southern  part  of  the  lowland  area  says:  "From  these  deposits  [glacial  drift 
in  the  vicinity  of  Charleston,  Sellersburg,  ete.]  and  from  the  glaciated  aspects 
of  the  country  in  certain  sections,  as  well  as  for  reasons  which  will  appear 
later,  we  think  that  the  whole  region,  west  as  far  as  Silver  Creek  and  south 
as  far  as  Jeffersonvilte,  was  occupied  by  an  ice-sheet  which  left  its  impress  on 
the  soft  Black  shale  topography  without  leaving  a  great  amount  of  drift.  No 
evidence  of  buried  channels  has  been  found,  with  the  exception  of  that  thought 
to  indicate  an  old  channel  of  the  Ohio.  If  the  topography  is  post-glacial,  the 
pre-glacial  topography  must  have  existed  in  the  Black  shale  and  have  beo) 
carried  away  entirely  by  the  ice.  We  find  no  evidence  that  this  region  has 
been  occupied  by  the  great  CoUett  Glacial  river  as  has  been  urged." 

Perhaps  one  of  the  most  widely  noticed  effects  of  gradation  and  associated 
alluviation  in  the  soutberii  part  of  the  rej^ion  was  the  change  of  the  Ohio  Iliver 
from  its  former  more  deeply  ei-oded  bed  to  the  present  rocky  channel  immedi- 
ately southeast  of  Jeffersonville.  That  the  Ohio  River  channel  should  be  im- 
mediately uiulerlaid  by  bed-rock  and  develop  rapids  and  falls  while  passing 
across  the  Scottsburg  lowland  is  a  striking  anomaly  indeed.   Nowhere  else 

Ualott.  Stttic  ftajummttoii:  Seienecb  N.  8.  Vd.  UI.  No.  ISM.  Aiut.  ».  IMM,  pp.  ISS'tSS : 
gone  Speelal  Phyatoffniphlc  FVMturM  of  the  Knobatone  CUMto  Retriaa  of  Southern  IndisM: 
Proc  Inil.  Acjul.  Sri.  r..r  rin>.  pi'.  :ifi!>-:;:o. 
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along  the  southern  border  of  Indiana  does  this  sort  of  thing  occur,  though  the 
channel  lies  tn  a'deep,  narrow  valley  with  bordering  blaJTs  of  rock  for  liitndreds 
of  miles  above  and  for  120  miles  below  the  Falls  of  the  Ohio  at  Louisville. 
In  the  locality  where  the  falls  occur  no  rock-walled  gprge  exists,  the  valley 
ia  extraordinarily  wide,  and  the  mild  upland  topography  is  very  low  with  lit- 
tle rock  exposed. 

Siebenthal'"  has  described  a  buried  pre-fi:laf ial  channel  to  the  north  of 
Jeffersonville.  He  infers  "that  the  river  must  have  been  dispossessed  of  this 
ehannd  by  the  sdvandnir  iee-sheet"  But  that  It  shovld  have  been  foreed  out 
of  this  channel  by  the  ice  itself  is  unlikely.  The  alluviation,  indicated  by  the 
terraces  which  are  described  by  Siebenthal,  which  was  associated  with  glacia- 
tion,  was  probaUy  the  cause  of  the  chanfre  to  a  new  course.  The  entire  valley 
was  built  up  considerably  above  its  prrr-ent  bed  by  outwash  or  vallry-train 
material.  Later,  the  river  removed  much  of  the  valley-fill  material,  and 
swinginir  across  the  rather  broad  constmetionat  surface  came  down  immedi- 
ately over  the  hard,  bed-rock  edge  of  a  bwricd  tpvut  of  the  former  upland."*  It 
is  very  likely  that  the  alluviation  responsible  for  this  particular  change  in  the 
position  of  the  channel  was  associated  with  the  Wisconsin  glaciation,  because 
the  work  done  by  the  river  on  the  buried  rock  spur  seems  too  insigniflcant  to 
have  occupied  all  the  time  since  the  IlIi:ioi;in  trlacial  stajre. 

In  Jackson  County  east  of  the  Brownstown  Hills,  glacial  drift  form&  a 
pmninent  ridge,  called  Chestnut  Ridge,  whldt  seems  to  be  of  morainic  char- 
acter, though  the  wells  which  penftrato  the  nititerial  indicate  that  it  has  been 
mostly  deposited  by  water.'"  Chestnut  Kidge  is  the  most*  prominent  mass  of 
ridged  drift  belonging  to  the  llHnoian  glacial  stage  in  Indiana.  As  a  rule 
the  Illinoian  drift  surface  is  flat,  hummocks  and  basins  beinp  rare  indeed.  The 
drift  represented  in  the  Chestnut  Ridge  vicinity  was  probably  massed  as  a 
moraine  in  front  of  the  Brownstown  Hills. 

The  effects  of  the  Illinoian  glaciation  northward  from  the  vicinity  of 
Columbu.s  cannot  be  diffei-entiatcd  from  those  of  the  Wisconsin  vrlacial  staire. 
The  lowland  becomes  deeply  filled  with  the  later  drift  in  the  vicinity  of  Frank- 
lin and  rather  ceases  to  exist  as  a  loviand,  though  its  pre«glaeial  continuation 
must  have  trended  far  to  the  northwest,  probably  beyond  Roonc  and  Clinton 
counties,  near  where  its  direction  became  more  westerly.  In  short,  the  northern 
part  of  the  lowland  is  wdl  mantled  with  glacial  drift 

The  larprr  rfTrcts  of  the  deposition  of  placial  drift  with  its  increasing 
thickness  toward  the  north  were  such  as  to  largely  efface  the  pre-glacial 
drainage  eastward  and  southward  from  southern  Marion  County,  and  to  turn 
toward  the  south  a  lartre  part  of  the  drainage  which  had  formerly  ^ne  west- 
ward and  northward  into  the  old  valley  of  White  River  southwest  from  Indian- 
apolis.  Thus,  the  drainage  area  of  East  White  River  was  greatly  increased. 

During  the  presence  of  the  ice  in  thi.s  portion  of  the  state  and  immediately 
to  the  north,  great  glacial  floods  descended  the  valleys  of  Flatrock  Creek,  Blue 
River,  Urandywine,  and  Sugar  creeks.  This  drainage  through  Shelby,  John- 
son, Bartholomew,  and  Jackson  counties  constituted  a  part  of  the  so-called 
"CoUett  Glacial  River."  Instead  of  the  drainage  continuing  down  the  low- 

»«2r.th  Ann.  Rppt.,  Ind.  d       Surv..  1:h..i,  .■lii;i-"ir|. 

ButlK.  CooloRy  of  JffftrMin  Co..  Ky. ;    Ky.  (;.-<il.  Surv..  S.  ri»a  IV,  Vol.  III.  I't.  IV, 
ltl5,  pp.  17.  201-^02,  204-205. 

>*'Sec  Leverett.  U.  S.  GeoL  Surv.,  Monosr.  41,  lOoa.  pp.  263-265. 


172  Depabtuent  of  Conservation 


land  arcu  to  the  Ohio  River,  it  turned  westward  through  the  breach  in  th« 
upland  near  the  mouth  of  Muacatatuek  River.   The  gnat  burden  of  outwash 

which  was  dcpositeH  alrni;  the  rnutp  of  the  fjlacial  stream  i>  yot  far  from  hav- 
ing been  removed.  The  gradient.^  of  the  streams  still  bear  evidence  of  the 
existence  of  the  fpreat  yalley-train  which  was  left  alongr  the  present  line  of 
I'ast  White  River  and  its  chief  trihutaiies  above-  Columbus.  The  condition  of 
these  streams  as  compared  with  the  .streams  outside  the  influence  of  the  Wis- 
consin drift  IB  wdl  brought  out  by  Leverett"*  in  his  discussion  of  flie  East 
White  River  drainage  system.  He  says: 

"Althou^rh  these  headwater  tributaries  make  a  preat  descent  in  passing 
down  to  the  bui>in  of  Devonian  shale,  they  have  carved  very  insignificant  chan- 
nels. The  valleys  are  usually  so  shallow  that  their  bridges  may  be  seen  for 
miles  back  from  the  bonfers  of  the  -treams.  A  portion  of  the  Muscatatuck 
drainage  system  is,  however,  characterized  by  deeper  channels,  a  feature  which 
is  probably  attributable  to  the  greater  age  of  the  system.  It  lies  outside  the 
limits  of  the  newer,  or  Wisconsin  drift,  while  the  principal  tributaries  of  the 
East  White  farther  north  flow  through  most  of  their  course  within  the  lim- 
its of  the  newer  drift  sheet. 

"In  the  lower  35  miles  of  its  course,  from  Shelbyville  to  Columbus,  Blue 
River  has  a  fall  of  about  4 '2  ftet  per  mile,  nearly  irreat  as  the  fall  of  the 
headwater  portion  above  Shelbyville.  From  Columbu:>  to  the  mouth  of  the 
Muscatatuck,  a  distance  of  55  miles,  the  average  fall  is  very  iieariy  20  indies 
per  mile.  In  the  remaining  r2r>  miles,  where  the  stream  is  flowing  in  a  pre- 
glacial  valley,  the  fall  is  about  10  inches  per  mile. 

"The  Mustatatuck  River  in  its  lower  25  miles  has  very  little  fall  com- 
pared with  the  neighboring  portion  of  East  White  River.  At  the  railway 
crossing  south  of  Se>nmour  the  bed  of  the  Muscatatuck  is  40  feet  lower  than  at 
the  crossing  on  the  East  White  immediately  north  of  Seymour.  The  differ- 
ence in  the  gradient  is  due  to  a  filling  of  East  White  valley  by  deposits  of 
gravel  at  the  Wisconsin  invasion.  As  the  Muscatatuck  drainage  system  lies 
out.side  the  limit.s  of  this  later  ice  invasion  or  the  reach  of  its  waters,  its  val- 
ley remains  unfilled.  The  fall  on  the  lower  25  miles  of  the  Muscatatuck  is 
apjiarently  not  more  than  10  fcrt.  while  on  East  White  River  in  the  25  lUiles 
above  the  mouth  of  the  Muscatatuck,  there  is  a  fall  of  about  50  feet." 

It  may  be  added  that  East  White  River  is  in  a  shallow,  constantly  chang- 
ing channel  and  i.s  over-burdened  with  sand.  The  Muscatatuck  on  the  other 
hand  is  deeply  sunk  in  a  channel  that  is  rarely  shifted.  The  exceedingly  low 
fall  of  the  lower  2->  miles  of  the  Muscatatuck  may  be  partly  accounted  for 
by  its  partial  ponding  owing  to  the  continuation  of  the  White  River  fill  below 
the  mouth  of  the  Muscatatuck. 

During  and  perhaps  following  the  glacial  floods  along  White  River,  masses 
of  wind-blown  sand  accumulated  in  the  angle  between  the  junction  of  Musca- 
tatuck and  White  rivers,  and  along  the  eastern  flank  of  White  River  Valley 
from  Vallonia  northward  beyond  Columbus.  The  sand  varies  from  a  few  feet 
to  perhaps  80  fert  In  thiclaiess  and.  extends  oceaswnally  mora  Uum  a  mile 
back  from  the  valley.  It  gives  rise  to  a  gently  hummocky  topography. 

u'Mono.  41.  U.  9.  G«ol.  8«rv.,  1902,  pp.  l»S-t»4. 
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Derclopmvut  and  Dissection  of  thr  Xoi  imin  Upland. 


General  Character  and  Development  of  the  Upland  Surface. 


The  Norman  upland  repi-esent«  an  uphuid  plain  fairly  uniformly  and 
deeply  dissected  by  stream  action  in  a  thick  series  of  rock  strata,  which  show 
little  abrupt  variation  in  litholofr>'-  The  upland  plain  has  an  elevation  whldi 
as  ii  whole  will  avcratre  nearly  1M)0  fct-t,  but  in  some  of  thf  ii)t<  f  stream  areas 
reaches  elevations  of  1,000  feet  or  Krealci,  as  in  Weed  Patch  Hill  south  of 
Nashville,  where  a  maximum  altitude  of  1,050  feet  is  attained  in  a  plateau- 
like  expanjie.  In  other  areas  the  upland  surface  Hesrenrls  to  700  or  800  feet. 
Those  portions  of  the  upland  surface  which  form  the  interstream  tracts  reach- 
ing from  900  to  1,000  feet  and  sli^Uy  higher,  in  all  probability  represent 
remnants  of  the  uplifted  early  Tertiary  peneplain  or  Hi^rhland  Rim  level. 
Such  interstreaun  tracts  as  the  plateau-like  expanse  of  Weed  Patch  Hill  and 
the  wide  upland  traet  in  the  vicinity  of  Spearsville  in  northeastern  Brown 
County,  are  dearly  reprtsontatives  of  an  uplifted  peneplain  surface  which  is 
still  preserved  from  dissection,  not  because  of  a  capping  of  resistant  strata, 
but  because  of  diatanee  from  the  main  streams.  Other  areas  of  less  extent  and 
hundreds  of  interstream  ridf^es  approach  this  same  elevation. 

The  interstream  areas  which  reach  the  greatest  elevations  and  which  rep- 
resent the  Highland  Rim  level  are  chiefly  between  the  main  streams,  such  as  in 
Bnwn  County  between  Camp  and  Bean  Blossom  creeks  in  Brown  County,  be- 
tween Bean  Blossom  and  the  north  fork  of  Salt  Creek,  between  the  north 
and  middle  forks  of  Salt  Creek,  and  between  the  middle  and  south  forks  of 
Salt  Creek.  In  eiurtani  Lawrene*  and  western  Jackson  counties  this  level  is 
reached  between  Salt  Creek  and  White  River  drainape,  and  south  of  White 
River  mainly  in  eastern  Washington,  western  Scott,  western  Clark,  and  Floyd 
counties  near  the  crest  of  the  Enobstone  esearpment  and  the  great  spurs  ez- 
tending  westward  from  the  '  rest  between  the  westerly  flowinir  streams,  such 
as  Muscatatuck,  north,  middle,  and  south  forks  of  Blue  Kivcr,  and  Indian 
Creek,  and  between  the  latter  two  streams  and  the  anomalous  easterly  flow- 
ing Muddy  Pork  of  Silver  Crt  ck. 

From  these  main  upland  masses  minor  spurs  extend  approximately  at 
right  angles  towards  the  principal  streams.  These  minor  spurs  as  they  ap- 
proach the  main  streams  do  not  maintain  the  al^ituiU  of  the  Ilijrhland  Rim 
level,  but  are  commonly  from  125  to  250  feet  lower  at  a  fairly  uniform  eleva- 
tion. The  ends  of  those  minor  ?purs  are  from  125  to  250  feet  above  the  val- 
leys of  the  principal  streams.  This  condition  is  typically  represented  on  tiie 
north  fork  of  Salt  ('rrt  k  west  of  Nashville  in  Brown  County.  From  a  point 
on  the  north  slope  of  kelly  Hill  on  the  Bloomington-Nashvillc  road  some 
two  miles  southwest  of  Nashville,  two  distinct  topograpMe  knrds  may  b«  seen 
above  the  present  valley  floor.  The  upland  ridf*  «t  Kelly  Hill  and  its  corre- 
latives on  tl  c  north  side  of  Salt  Creek  reach  an  altitude  of  dUU  to  950  feet 
within  two  r.iiles  of  Salt  Creek  valley.  Then  comes  a  rather  abrupt  descoit 
of  125  to  175  feet  to  a  dissected  plain  which  flanks  the  entrenched  valley  of 
Salt  Creek,  '.his  plain  ranges  in  width  from  1  to  2  miles  on  either  side  of 
the  valley  and  has  an  elevation  of  approximct^ly  7T0  feet  It  stands  about 
170  feet  above  the  present  vall<  y  floor.  It  e.\tends  up  the  tributary  streams 
for  some  distance  away  from  Salt  Creek  valley.  This  narrow  dissected  plain 
is  very  probably  representative  of  the  late  Tertiary  local  peneplanation  which 
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in  the  Norman  upland  Ana  advancod  no  farther  than  a  broad  Kfa^iation  plain 
adjacent  to  the  main  streams.  Gravfl  -  reprpsontinp  the  deposits  of  the  streams 
when  flowing  at  this  level  are  still  locally  preserved  on  this  gradation  plain. 

Chief  Conditioning  Factors  in  the  Disseetion  of  the  Upland. 

The  dovelopmoit  of  the  Norman  upland  into  its  present  topotn'aphie  con- 
dition has  boon  rolatively  simple.  Its  tnpncrnphic  development  has  con>isted 
largely  of  normal  stream  erosion  to  the  point  of  mature  dissection  on  the 
uplifted  Highland  Rim  peneplain.  The  area  of  its  typical  development  is  on 
a  thick  series  of  rock  strata  which  show  little  abrupt  litholoKical  variation; 
and  it  is  this  feature  which  is  chiefly  responsible  for  the  uniformity  of  dis- 
section and  similarity  of  topographic  fonns  over  the  entire  unit.  Nevertheles.s 
at  least  three  features  involvini;  structure  and  lithology  have  been  important 
conditioning  factors  in  the  dcvrlopmcnt  of  the  Norman  uplaml  unit.  First, 
the  impure  shales  and  sandstones  which  make  up  the  upland  ma.ss,  coupled 
with  the  fact  that  the  more  resistant  strata  are  towards  the  top.  Second,  the 
westward  dip  of  the  mck  strata  (much  modified  north  of  East  Whito  River 
by  a  major  fault).  Third,  the  influence  of  the  rather  resistant  limestone  which 
now  partly  covers  the  upland  surface  (chiefly  south  of  East  White  River)  or 
which  fonneily  covmed  it  (diiefly  north  of  East  White  River). 

Influence  of  the  RocTt  Strata  in  the  Dissection  of  the  I'phind. 

The  strata  composing  the  Norman  upland  consist  of  shales  or  clays,  sandy 
shales,  and  dialy  sandstones  of  fine-grained  texture  belonging  to  the  Borden 

.series.  (See  Dr.  CuminKs'  report  on  nomenclature  and  stratinraphy.)  The 
total  thickness  is  greater  than  "lOO  feet.  The  clays  and  shales  predominate 
at  the  bottom  of  the  series  and  the  fine-grained  rather  massive  impure  sand- 
stones prevail  at  the  top.  Thin  ledges  of  relatively  pure  sandstone  rarely 
more  than  a  foot  in  thickness  are  present  throuph  the  middle  and  upper  part 
of  the  series.  These  .stand  out  in  the  ravine  bottoms  giving  rise  to  small 
waterfalls,  but  they  have  little  or  no  influence  on  the  uniform  hillside  slopes 
which  characterize  the  area.  Bennett""  in  di-russinjr  the  stratiRraphy  of  the 
series  says:  "This  formation  is  made  up  of  sandstones  and  shales.  ...  In 
the  south  the  shale  predominates;  in  the  north,  the  sandstone.  .  .  .  None 
of  the  sandstone  is  pure.  It  is  mixed  with  considerable  quantities  of  muddy 
shale  and  also  contains  small  quantities  of  iron,  which  is  shown  in  the  weath- 
ered rock.  The  shale  is  muddy,  easily  eroded,  and  contain  ;  large  quantities 
of  iron  nodules.  In  most  places  there  is  a  trradual  transition  from  the  shale 
to  the  sandstone;  just  where  one  leaves  o(T  and  the  other  bejfins  it  is  diflicult 
to  tell.  This  is  especially  true  in  the  northern  part  of  the  state.  Farther 
north  there  is  alternating  beds  of  shale  and  sandstone,  but  the  beds  of  shale 
are  much  the  thinnest." 

The  influence  of  the  rocks  upon  the  land  forms  picsent  in  the  Norman 
upland  area  is  more  readily  appreciated  when  consideration  is  given  to  the 
details  of  weathering  and  erosion  of  these  rocks.  Water  i.  readily  absorbed 
by  the  impure  sandstones  and  shales,  and  is  tenaciously  held  by  them.  Alter- 
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nate  freezing  and  thawing  cause  disruption  of  the  exposed  rocks.  Fragments 
are  broken  off  parallel  with  the  exposed  stirfaees,  as  in  exfoliation.  The  frag^ 
ments  given  up  by  U-itziuK  and  thawlnfr  arc  it-arlily  cariied  away  by  the 
■treans.  These  rocks  are  also  rather  easily  corraded  by  running  water. 
StreamB  even  of  small  sise  have  reached  a  graded  eondltion  close  vp  to  their 
sources.  (This  is  more  specifically  true  south  of  East  White  River.)  As  a 
result  of  this,  streams  heading  in  a  region  where  these  rocks  are  relatively 
high  above  the  local  base-level  have  a  very  steep  descent  at  their  very  head- 
wuters,  but  talce  on  a  considerably  flattened  gradient  within  a  short  distance 
of  their  ovrr-steepencd  hea<is.  This  tV;itiire  is  perhaps  largely  thp  result  of 
the  more  resistant  rocks  being  above  ihc  diainu^e  bases.  The  upper  and  more 
resistant  impure  sandstones  do  not  resist  weathering  suiBciently  to  form  dilfs; 
but  the  slopes  are  everywhere  quite  steep,  often  attaining  SO  degrees  or  more 
from  the  horizontal. 

Newsom*"  brings  out  very  clearly  some  important  phases  of  weathering 
and  erosion  in  the  strata  of  the  Borden  scries.  "It  is  a  noticeable  fact,"  says 
New.som,  "that  through  the  whole  Knobstone  area  where  unaiTccted  by  glacial 
material,  and  where  the  valley  systems  are  well  developed,  the  south  hillsides 
have  gentler  slopes  than  those  facing  northward,  i.e.,  that  erosion  is  far- 
ther advanced  on  the  south-slopin>r  hill.s  than  on  those  sloping  northward. 

"This  feature  is  most  noticeable  along  the  east-west  valleys.  In  north- 
south  valleys  the  gentler  slope,  when  one  is  gentler  than  the  other,  is  usually 
on  the  east  side  of  the  valley,  i.  e.,  on  the  westward  sloping  hillside.  The 
difference  in  the  angle  of  slope  between  east  and  west  hillsides  is  not  so  notice- 
able as  that  between  north  and  south  slopes. 

*nii8  diiferential  weathering  of  the  slopes  is  attributed  to  the  dfeet  of 
temperature  changes,  rvpecially  of  freezing'  and  th;i'.vin>r,  upon  the  roclcs. 
Changes  in  temperature  probably  have  a  more  potent  elTect  in  breaking  up 
these  rocks  than  has  any  other  agent. 

"The  Knobstone  strata,  beirfp  soft,  absorb  water  easily,  although  they  do 
not  permit  the  free  passage  uf  water  through  them.  Owing  to  their  property 
of  absolving  much  moisture,  they  are  easily  disintegrated  by  frost  action. 

"The  south  hillsides  are  exposed  to  many  more  changes  of  temperature  in 
the  course  of  a  ye  ar,  and  especially  in  the  winter  time,  than  are  the  hillsides 
facing  northward.  During  the  winter  months  in  this  region  the  nights  are 
eold,  often  for  wedcs  at  a  time,  freezing  a  crust  over  the  ground,  which  next 
day  is  thawed  out  nn  the  south-sloping  hilk-idts.  The  north  slopes,  however, 
lieing  sheltered  from  the  sun's  rays,  are  frozen  or  covered  with  snow,  and 
remain  so  almost  the  whole  winter  long.  Thus  while  the  rocks  of  the  south 
slopes  will  be  successively  frozen  and  thawed  out  many  times  during  the 
winter,  the  corresponding  north  slopes  may  be  frozen  and  thawed  only  two 
or  three  times. 

"One  has  only  to  cross  this  country  on  a  warm  winter's  day  after  a  cold 
freezing  night,  and  to  sec  the  muddy  strcani.s  flowing  down  from  the  south 
hill  slopes  while  the  north  slopes  remain  solidly  frozen,  to  realize  the  impor- 
tance of  this  process  in  the  wearing  away  of  these  roclcs.  Both  the  climate 
and  the  structure  of  the  rocks  are  peculiarly  favorable  for  this  class  of  erosion. 
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"There  is  considerable  difference  also  in  the  quantity  of  heat  that  reaches 
the  east  and  west  slopes,  the  westwattl  slopes  receivini*  more  heat  than  those 
facing  eastward,  owing  to  the  fact  that  the  afternoon  is  the  warmest  part  of 
the  day.  Because  of  this  the  westward  slopes  are  sometimes  more  gentJe  than 
those  facin^r  eastward.  These  slopes  are  not  SO  noticeably  different,  however, 
as  are  the  north  and  south  hilihide:$." 

Influence  of  Regional  Structure. 

The  dip  of  the  strata  is  an  important  factor  controlling  the  width  of  the 
belt  of  outcrop  of  a  given  thickness  of  strata,  upon  which  unified  topographic 
forms  may  be  developed.  In  the  case  of  the  Norman  upland,  however,  the 
dip  is  only  partly  responsible  for  the  width  of  the  belt  The  Norman  upland  is 
extremely  narrow  at  the  south,  considering  the  great  thickness  of  the  strata  in 
which  it  is  developed.  North  of  Ea^t  White  River  it  is  of  great  width.  The 
extreme  narrowness  at  the  south  may  be  ascribed  in  part  to  the  abundance  of 
soft  shale  of  which  tho  formation  is  largely  composed,  in  part  to  the  greater 
amount  of  erosion  that  has  taken  place  adjacent  the  Ohio  and  Muscatatuck 
rivers,  and  in  part  and  perhaps  chiefly  to  the  presence  of  superjacent  rather 
resistant  limestones  coming  out  to  the  veiy  crest  of  the  escarpment  which 
marks  the  eastern  margin  of  the  unit.  Its  groat  width  to  the  north  of  East 
White  River  is  probably  due  for  the  most  part  to  the  presence  of  a  major 
fault  which  runs  parallel  to  the  strike  of  the  strata  not  far  from  the  western 
margin  of  the  unit.  This  fault  has  an  up-throw  on  the  cast  of  probably  200 
to  300  feet."'  This  up-throw  on  the  east  side  of  the  fault-line  haa  greatly 
reduced  the  westward  dip  of  the  strata  east  of  it.  Such  a  structural  condi- 
tion rai.sed  a  broad  area  of  gently  dipping  linie.stonc  stiata  which  capped  the 
Borden  series  above  the  base-level  of  erosion,  and  as  a  consequence  the  lime- 
stone was  removed  from  a  broad  belt  durinsr  the  early  Tertiary  erosion  cyde. 
This  accounts  for  the  wide  belt  of  strata  of  the  Bord-  i.  m  \  ii  >  east  of  the  fault- 
line.  Moreover  the  greater  resistance  of  the'uppcr  strata  of  the  higher  part 
of  the  series  has  been  responsible  for  retarding  the  migration  of  the  easterly- 
facing  escarpment  dowti  the  dip  of  the  .strata,  as  compared  to  the  more  rapid 
migration  south  of  East  White  River.  It  should  be  stated  here  nl^^o  that  the 
dip  of  the  strata  is  much  greater  in  the  southern  part  of  the  area,  and  this 
results  in  an  appreciable  narrowing  of  the  southern  portion  as  compared  with 
the  northom. 

Influence  of  Presence  and  Absence  of  Limestone  Capping. 

The  presence  of  an  unbroken  limestone  mass  covering  the  strata  of  the 
Borden  series  out  to  the  very  crest  of  the  Knobstone  escarpment  south  of  Knoib 
Creek,  southwest  of  New  Albany,  and  from  there  northward  to  the  westward 
turn  of  the  Ohio  Kivcr  at  the  southeastern  part  of  Harrison  County,  practically 
limits  the  Norman  upland  to  the  escarpment  face.  Short  streams  have  rarely 
cut  back  into  it  more  than  2  miles.  The  greatest  immediate  relief  of  the  entire 
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state  occurs  here  along  a  15-mile  stretch  of  the  escarpment  where  its  deeply 
dtSMCtcd  edge  faces  the  Ohio  River.  The  maximum  elevation  at  the  crest  of 
the  escarpment  is  1,000  fret,  whereas  the  elevation  of  the  Ohio  Kiver  is  ;>70 
feet.  Locust  Point  Uill  in  Harrii»on  County,  just  suuih  of  the  southeastern 
comer  of  Fkqrd  Goanty  and  some  10  miles  wnitiiwest  of  Now  Albwiy,  xoaehea 
an  elevation  of  980  feet  within  less  than  one-half  mile  of  the  Ohio  River  chan- 

North  of  the  latitude  of  a  point  some  2  miles  north  of  the  eouth  line 

of  Floyd  County,  as  far  as  ihv  valley  of  Muddy  Fork  of  Silvoi-  Creek  in  middle 
western  Clark  County,  limestone  only  locally  covers  the  strata  of  the  Borden 
aeries  clear  oat  to  the  crest  of  the  escarpment,  and  the  westwardly  flowincr 
streams  have  cut  deeply  below  the  thin  limestone  strata  for  several  miles 
back  from  the  escarpment.  The  valleys  here  have  characteristics  in  common 
with  those  farther  north,  though  the  valley  sides  are  less  steep.  Short  streams 
flowing  down  the  Knobstone  escaipment  have  given  the  ea.-ti  i  n  face  a  tre- 
mendous relief.  Some  of  the  spurs  between  the  short  deeply  inli cnched  valleys 
retain  the  elevation  of  the  uplifted  Highland  Rim  surface,  but  the  majority 
of  the  short  spurs  are  unevenly  reduced  much  below  this  leveL  These  spttr> 
ends  form  the  "Knobs"  of  the  region.  Viewed  from  a  point  .«ome  distance 
out  on  the  Scottsburg  lowland,  the  "Knobs"  are  not  discernible  against  Vhe 
wall-like  background  of  the  elevated  upland. 

Bet\v<  i  n  the  great  valley  trench  made  by  the  easterly  flowinfr  Muddy  Fork 
of  Silver  Creek  and  the  Muscatatuck  River  valley  at  the  north  line  of  Wash- 
ington County,  practically  all  of  the  limestone  capping  has  been  removed  for 
several  miles  back  of  the  ragged  and  dissected  scarp.  Stieam  di.sstction  is 
vei-y  severe,  and  the  valley  sides  are  exceedingly  steep.  The  interstream 
ridges  are  relatively  even  and  have  a  uniform  elevation.  The  main  vallesrs  flow- 
ing east  and  north  are  cut  from  250  to  4ii0  feet  below  the  pre.ser\'ed  portions  of 
the  uplifted  peneplain.  The  headwater  fork.";  of  Blue  River  are  much  less 
deeply  inciHed.  The.se  southwesterly  flowing  streams  have  relatively  broad 
valleys  -ome  200  feet  above  v;.i;  of  similar  size  which  flow  into  the  Soott^ 
burg  lowland  area.  "Knob"  development  is  at  its  maximum  on  the  scarp 
facing  the  Scottsburg  lowland,  where  many  of  the  upland  spurs  between 
the  easterly  flowing  streams  have  been  differentially  reduced  below  the  level  of 
the  upliftwl  peneplain.  The  larger  valleys  which  enter  the  Muscatatuck  and 
White  rivers,  such  us  Elk,  Delaney,  liufTalo,  Rush,  and  other  creeks  are  wide, 
and  bear  evidence  of  having  been  filled  to  a  eonsideraUe  depth  in  their  lower 
courses.  Ncwsom'*'  a.scribes  the  silted  condition  to  regional  depression,  but 
it  is  very  likely  that  it  may  be  satisfactorily  aiccounted  for  by  the  valley-train 
whidi  descended  White  Rivei',  and  ponded  its  tributaries. 

North  of  East  White  Kiver  as  far  as  the  region  of  glacial  drift,  no  lime- 
stone caps  the  surface  of  the  Norman  upland  for  several  miles  west  of  the 
escarpment,  and  in  the  latitude  of  Brown  County  no  limestone  is  present  over 
a  strip  approximately  30  miles  wide.  No  limestone  capping  has  been  present 
here  since  the  development  of  the  Highland  Rim  peneplain,  and  it  is  here 
also  that  the  greatest  dissection  of  the  upland  surface  has  taken  place,  re- 
gardless of  the  fact  that  much  more  sandstone  is  presmt  in  the  upper  members 
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GwL  Swv«  IMl.  V.  188. 
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of  the  Borden  series  of  the  region.   Dissection  is  perfect  over  much  of  this 

great  area.  The  amount  of  the  material  removed  from  the  upland  block  is 
approximately  equal  to  the  amount  left  in  the  ridges,  or,  the  amount  to  be 
removed  before  pcneplanation  is  complete  in  the  present  erosion  cycle.  Many 
of  the  ridges  have  been  somewhat  reduced  near  the  main  streams,  as  for  ex- 
ample alonp  the  forks  of  Salt  Creek  and  Bean  Blossom.  Tn>toad  of  the  very 
highest  part  of  the  upland  surface  being  near  the  cre.st  of  the  escarpment  on 
the  east,  it  Is  here  in  the  heart  of  the  Ufdand.  Weedpatch  Hill  some  S  miles 
southeast  of  Nashville  is  the  hinhest  part  of  the  upland,  as  well  as  the  higfhest 
point  in  the  driftless  area  of  Indiana.  The  escarpment  at  the  eaj^tern  margin 
of  the  upland  is  very  ragged,  and  eastward  flowing  streams  penetrate  the 
upland  for  several  miles.  Only  the  ends  of  the  laiffest  spurs  rise  to  the  height 
of  the  old  peneplain  surface.  At  a  distance  when  viewed  from  the  end  some 
of  these  appear  as  great  conical  hills.  No  "knobs"  exist  east  of  the  escarp- 
ment, such  as  occur  south  of  Muscatatuck  River.  The  relief  of  this  most 
typical  portion  of  the  dissected  Norman  upland  area  may  be  judged  from  the 
depth  of  the  main  valleys.  Bean  Blossom  valley  at  Helmsburg  is  660  feet  in 
elevation.  Salt  Creek  valley  at  Nashville  dOQ  feet,  and  at  the  junction  of  the 
north  and  middle  forks  625  feet.  East  White  River  valley  at  Fort  Ritner  is 
510  feet 

Influence  of  Gladation  at  the  North  and  East 

Northward  from  Bean  Blossom  valley  in  northern  Brown  and  Monroe 
counties  glacial  drift  becomes  quite  noticeable  locally.  Little  or  none  of 
southwestern  Johnson  County  exhibits  the  topographic  characteristics  of  the 
Norman  upland,  for  Kl'ifijd  drift  cover-  the  bed  lock  very  completely.  The 
area  covered  by  the  Illinoian  ice-sheet  in  northern  Monroe  and  southern  Mor< 
gan  counties  is  quite  typical  of  the  Norman  upland,  though  some  evidences 
of  glaciation  exist.  Northward  from  the  Shelbyvillc  moraine  of  the  Wisconsin 
glacial  stage,  the  bed-rock  forms  developed  in  the  strata  of  the  Borden  series 
are  almost  wholly  obscured  and  the  surface  features  are  quite  characteristic  of 
the  great  glacial  plain  which  covers  so  much  of  Indiana  and  adjacent  states. 

Little  evidence  of  jrlaciation  exists  alonji  the  Knobstone  escarpment  south 
of  the  latitude  of  Columbus.  The  ice  of  the  Illinoiun  stage  apparently  ad- 
vanced against  tiie  escarpment,  but  did  not  over-ride  it,  though  the  glado- 
fluviatile  waters  broke  over  into  the  south  fork  of  Salt  Cree  k  in  western  Jack- 
son County.  From  the  evidence  of  glacial  till  and  outwash  material  at  the  foot 
of  the  escarpment  the  gladal  ice  in  southwestern  Bartholomew  County  lay 
a)?ainst  the  escarpment  to  a  height  of  approximately  800  to  8r>0  feet.  The 
foot  of  the  escarpment  here  is  approximately  750  feet  A.  T.  It  is  evident  that 
the  short  streams  flowing  eastward  from  the  Norman  upland  into  the  Sootts- 
burj;  lowland  were  ponded  by  the  glacial  ice  and  the  material  carried  by  It. 
No  details  concerning  the  effects  of  such  ponding  are  at  present  available. 

Bed-rock  Terraces  and  Thdr  Den^^Muent 

Bed-rock  terraces  or  lienches  are  quite  common  along  Bean  Blossom  and 

Salt  Creek  valleys.  They  are  quite  prominent,  especially,  along  the  north 
fork  of  Salt  Creek  which  passes  from  the  northeastern  part  of  Brown  County 
southwest  past  Nashville  and  thence  into  Monroe  County.   These  bed-i-ock 
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terraces  or  benches  are  from  20  to  50  feet  above  the  present  valley  level.  They 
almost  always  contain  a  coatin^r  of  gravels  and  silt  which  eontain  foreign  ma* 
terials  of  placial  origin.  Associatrd  with  the  bed-rock  terraces  or  benches 
are  less  perfectly  preserved  alluvial  terraces  which  are  approximately  of  the 
same  height  above  the  present  valley.  Nashville,  in  Brown  County,  is  bvilt 
on  a  terrace  which  is  partly  alluvial  and  partly  bod  lork.  An  excellent  ex- 
ample of  the  bed-rock  terrace  may  be  seen  one  and  one-half  miles  southeast  of 
Nashville  on  the  south  side  of  Salt  Creek  along  the  road  to  Weedimteh  Hill. 
This  bed-rock  bench  rises  40  feet  above  the  valley  and  is  nearly  one-foorth 
mile  wide.  It  is  covered  with  a  mantle  of  coarse  gravel  and  silt.  The  gravel 
is  modi  water-worn  and  contains  pebbles  of  glacial  ori^^in. 

The  origin  of  these  bed-rock  benches  or  terraces  constitutes  an  interesting 
problem.  They  cannot  be  explained  as  due  to  harder  strata  at  the  horizon  of 
their  occurrence.  Very  frequently  they  are  entirely  composed  of  soft  shale, 
as  at  Nashville  and  Belmont.  They  evidently  mark  a  gradation  plain  of  lim- 
ited width.  It  is  possible  that  they  rcprc-tTt  a  ^rradation  plr.iii  made  dur- 
ing a  short  period  of  crustal  stability  constituting  a  pause  in  the  general  up- 
lift which  has  been  responsible  for  stream  trenching  over  nnieh  of  the  Missis- 
sippi Valley.    But  it  is  more  likely  th-.A  thry  are  definitely  related  to  glaeiation. 

In  the  opinion  of  the  writer  the  bed-rock  terraces  owe  their  origin  to  a 
gradation  plain  of  narrow  extent  developed  by  the  f^lacio-fluviatile  waters 
which  came  down  the  valley  during  the  IlUnoian  glacial  ^tnfie.  White  River 
vallpy  was  filled  some  40  to  (50  feet  above  its  present  level  by  the  outwash  from 
the  glacial  floods,  and  the  tributary  streams  were  filled  to  a  similar  depth 
diiefty  by  fafidlg«nott8  waste.  Salt  Creek  had  to  adjust  its  gn^ent  to  saeh  a 
fillintr,  but  Salt  Creek  valley  :i1so  was  nno  of  the  chief  routes  of  ^rlario-fluviatile 
waters  and  it  is  probable  that  its  pre-IUinoian  valley  was  filled  to  a  depth  of 
approximately  50  feet  above  the  present  valley  floor  by  outwash  material. 
The  glacial  floods  continued  down  the  valley  for  a  lonp  period  of  time  and 
much  widening  of  the  valley  resulted  at  the  level  of  the  top  of  the  valley-fill. 
After  the  ^thdrawal  of  the  ice,  the  glacial  floods  ceased  to  pour  down  the 
widened  valley.  In  time  the  stream  cut  down  into  its  ulil  |)i e-lllincian  valley, 
but  left  irrevrular  benrhes  on  either  side  which  mark  the  jri  adation  plain  made 
by  the  glacio-fluviatile  waters.  The  present  valley  floor  below  the  bed-rock 
benehes  and  associated  allavial  terraces  has  been  excavated  out  of  and  below 
this  pradation  plain. 

The  terraces  along  Bean  Blossom  valley  arc  more  complicated  than  those 
along  Salt  Creek.  Great  quantities  of  glaeial  material  were  washed  down 
the  valley  durinp  the  Illinoian  stapc  and  it  is  likely  that  the  upper  portion 
of  the  valley  was  entered  directly  by  the  glacial  ice.  Moreover  the  lower 
part  of  the  valley  was  obstructed  by  the  ice-sheet  extending  aeroas  it  This 
valley  was  also  an  outlet  acro.ss  the  unglaciated  portion  of  Indiana  for  the 
glacio-fluviatile  waters  of  the  Wisconsin  glacial  stage. 

Unbalanced  Drainage  Conditions. 

The  drainage  of  the  Norman  upland  area  is  very  largely  to  the  west  and 
southwest  The  diiaf  streams  which  arise  east  of  the  area  flow  across  the 

Norman  upland  in  deeply  cut  valleys  of  restricted  width.  West  and  east 
forks  of  White  River  and  the  Ohio  Kiver  are  the  only  streams  that  pass  di- 
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rectly  across  or  through  the  upland.  All  other  westerly  flowing  streams  such 
as  Camp  Creek,  Bean  BIosbobi,  the  three  forke  of  Salt  Creek,  Gvthrie  Credc, 

and  the  headwater  portinn<  of  Blue  Rivrr,  head  near  tho  nrst  of  the  Knob- 
stone  escarpment  at  the  eastern  margin  of  the  upland,  and  flow  in  a  south- 
westerly direction  in  conformity  with  the  dip  of  the  rock  strata.  These  streams 
and  their  tributaries  have  dot  ply  trenched  the  upland  plain.  With  one  excep- 
tion, that  of  Muddy  Fork  of  Silver  Creek  in  western  Clark  County,  all  of  the 
streams  which  flow  in  an  easterly  direction,  or  against  the  dip  of  the  strata, 
ate  short  and  mostly  les.s  than  5  miles  in  length. 

The  streams  which  flow  east  have  a  steep  gradient  from  near  the  crest 
of  the  escarpment  to  the  valley  floors  of  the  Scottsburg  lowland.  Their  de- 
scent in  the  few  miles  of  their  courses  is  measured  in  hundreds  of  feet.  The 
streams  flowing,'  in  a  \ve<(cily  direction  dfscend  an  npprnximatdy  equal  vertical 
distance  in  from  two  to  ten  times  the  horizontal  distance  of  the  easterly  flowing 
streams.  Their  average  gradients  are  therefore  much  lets  than  those  of  the 
hhort  easterly  flowing;  streams.  As  a  ronse«]uenrc  of  this  unbalanced  drain- 
age situation  in  the  Norman  upland  area,  a  much  greater  amount  of  work  is 
being  accomplished  in  the  vicinity  of  the  escarpment  by  the  streams  which 
flow  east  tb:n  I  y  the  streams:  which  flow  west.  Thi>:  results  in  shifting;  the 
divide,  or  cre.-^t  of  the  escarpment,  down  the  dip  of  the  rock  in  a  westerly  di- 
rection. In  the  past  such  unequal  work  has  been  largely  responsible  for  the 
development  of  the  Seottshurg  lowland  and  In  the  making  of  the  Knobstone 
escarpment. 

A  Notable  Case  of  Successive  Stream  Piracy. 

PiraiieeU  Development  of  Muddg  Fork  of  Silver  Creek.   The  work  of  the 

various  streams  on  the  eastern  margin  of  the  Norman  upland  has  not  been 
equal,  and  as  a  result  the  Knobstone  escarpment  is  somewhat  ragged  and 
indented.  One  stream  has  notably  surpassed  all  others  in  eating  its  way 
westward.  Since  thi  i!iainaf.;i'  adjustment  offers  many  interesting  details,  it 
will  be  g^ven  here  in  full,  closely  following  the  detailed  description  already  pub- 
Ushed  by  the  writer.*** 

Sinoe  the  short,  steep  streams  cominp  down  from  the  Knobstone  escarp- 
ment have  a  derided  arlvantauo  over  the  back-slope  streams,  they  have  a  tend- 
ency to  develop  their  druina>,'e  area  by  htadward  erosion  into  the  territory 
drained  by  the  back-slope  streams.  The  headwaters  of  the  back-slope  streams 
may  be  expecterl  to  be  capturetl  by  the  eastw-ud  and  northward  flowinsr  streams. 
Search  along  the  escarpment  shows  that  this  drainage  adjustment  as  a  whole 
has  not  taken  place,  but  in  a  number  of  places  appears  imminent.  There  is 
one  notable  case,  however,  of  such  piracy.  Thi-  is  alon^'  the  line  of  Muddy 
Fork  of  Silver  Creek,  from  near  Pekin  in  southea.Htern  Washington  County 
to  near  Broom  Hill  in  Clark  County.  Here  much  reversal  of  drainage  has 
already  taken  place,  and  a  (rreat  break  occurs  in  the  escarpment  along  tho 
line  of  thi.s  .stream.  Newsom""  repeatedly  calls  attention  to  this  rather  unusual 
opening  in  the  Knobstone  escarpment.  His  maps  show  a  beautiful  example 
of  barbed  drainage  pattern  and  the  broad  col  at  Pekin  where  the  former  west- 

>**Some  SiiiriHi  Phyaioffraphir  iVittutt.'.  nf  the  Knobttone  CuraU  Rcirion  of  flouthern  In* 
dtoM:  Proc.  Ind.  Acitd.  Set.  for         pp.  a73-3tMt. 

***J.  P.  NewMm.  Gcokuck  and  Topocraphle  SccUon  Aerou  Southtra  IndUuia:  nth  Ann. 
Itept.,  Ind.  GcoL  8arv..  IMl. 
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wardly  flowing  stream  entered  Muddy  Fork  of  Blue  River.  But  it  does  not 
appear  that  NewMOU  reaUnd  the  rignifieance  of  these  tell-tale  features.  Ash- 

ley'*  calls  atte  ntion  to  the  area  and  the  causes  of  the  peculiarity  in  the  follow- 
ing worfis :  "  .  .  .  the  soft  and  easily  eroded  nature  of  the  Knobstone 
has  allowed  the  erosion  to  proceed  more  rapidly  so  that  the  gorge  has  in  many 
cases  sunk  its  bottom  down  to  drainage  level,  and  the  point  of  rapid  dneant 
has  advanced  from  the  mouth  to  the  headwaters  on  account  of  the  shortness  of 
the  stream.  Indeed,  in  many  cases  it  is  evident  that,  due  to  their  shortness, 
these  northward  and  eastwud  flowingr  streams  are  cuttinjgr  down  the  divides 
at  the  expense  of  the  streams  flowinjr  the  other  way.  A  vrood  illustration  of 
this  'river  stealing,'  as  it  is  called,  is  seen  about  Borden.  The  valley  in  which 
Borden  lies  originally  drained  to  the  northwest,  the  divide  being  nearly  as 
far  east  as  Broom  Hill.  But  the  Muddy  Fork  of  Silver  Creek,  having  cut  down 
its  side  of  the  divide  faster  than  the  stream  drainin>r  to  the  northwest,  has 
captured  all  the  drainage  about  Borden  and  it  is  only  a  question  of  time  when 
it  Hill  extend  up  so  far  as  to  tap  the  Mutton  [Muddy]  Fork  of  Blue  River  at 
Pekin  and  divert  all  the  drainage  above  that  point  to  Silver  Creek." 

The  topograpliic  map  accompanying  this  paper  (Fig.  25)  shows  the  topog- 
raphy of  a  small  area  in  the  region  of  Pekin  and  Borden.  This  somewhat 
restricted  region  exhibits  details  of  much  interest  in  the  drainage  adjustment 
of  the  region.    It  lies  Ix  tween     and  10  miles  back  of  the  general  scnrp. 

Muddy  Fork  of  Blue  Kiver  flow.s  w&»t-southwe.st  past  Pekin,  and  as  a 
graded  stream  is  entirely  in  the  Knobstone  roeka.  Muddy  Fwk  of  Silver  Crttk 
flows  southeast,  and  is  characterized  by  a  barbed  drainage  pattern.  This 
drainage  is  almost  wholly  in  the  Knobstone  rocks.  Only  the  long,  tongue- 
like, interstream  tracts  800  feet  or  more  in  elevation  are  capped  by  the  Har- 
roclsbur^r.  The  .lilopes  are  steep  and  wooded,  and  arc  quite  characteristic  of 
Knobstone  topography  where  it  is  in  a  much  dissected  condition  owing  to 
minor  stream  devdopment.  The  uplands  between  Pekin  and  Martinsburg 
have  a  surface  expression  typical  of  the  overlying  Harrodsburg.  The  inter- 
stream tract  east  of  Martinsburg  reaches  nn  elevation  of  about  950  feet,  and 
is  a  remnant  of  the  uplifted  Tertiary  peneplain,  being  capped  by  Tertiary 
gravela  and  aatid. 

The  valley  of  Muddy  Fork  of  Blue  River  at  Pekin  has  an  elevation  of 
700  feet,  and  seems  to  be  in  a  graded  condition.  In  the  next  flfteen  miles 
the  valley  descends  100  feet,  being  approximately  at  an  devatlon  of  600  feet 
at  Fredericksburg.  Drainage  from  apiiroximately  40  square  miles  flows  pa-st 
Peliin.  Muddy  Fork  of  Silver  Creek  heads  in  a  number  of  steep  ravines  a 
short  distance  southeast  of  Pekin.  These  ravines  are  sharply  trenched  below 
the  general  level  of  the  upland.  Starting  from  an  elevation  of  730  feet  in  a 
broad,  valley-like  !«ag,  a  mere  gravel  and  silt  terrace  above  Blue  River  valley 
at  Old  Pekin,  marking  the  lowest  part  of  the  divide  between  the  two  stream 
sjTStems,  one  may  make  a  rapid  descent  into  Muddy  Fork  of  Silver  Cvttk. 
A  descent  of  100  feet  is  attrined  in  the  first  mile,  and  within  one  and  one- 
half  miles  the  elevation  is  down  to  an  elevation  of  600  feet.  This  is  the  eleva- 
tion of  Blue  River  16  miles  below  Pekin.   At  Borden  the  valley  of  Muddy  Forit 

of  Silver  Creek  is  down  to  an  elevation  of  TiHO  feet.  The  tieam  here  haS 
developed  a  fairly  wide,  flat  valley  and  is  in  a  graded  condition. 

***  Gcokwy  of  the  Lower  Carboniferous  Area  of  ikniUiern  Indiana :  27th  Ann.  Rept.,  Ind, 
G«oL  8iinr«  IMS.  p.  61. 
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The  barbed  drainage  pattern  of  Muddy  Fork  of  Silver  Creek  is  a  result 
of  stream  piracy.  Very  probably  the  parent  stream  of  the  present  Muddy 
Fork  of  Silver  Creek  was  a  small  stream  flowing:  down  the  eastern  face  of  the 
Knobstone  scarp  in  a  manner  very  similar  to  numerous  others  of  the  present 
time.  Back-slope  streams  of  the  cuesta  flowed  westward  from  the  crest  of 
the  escarpment.  The  position  of  the  paienl  stream  of  Muddy  Fork  of  Silver 
Creek  does  not  appear  to  have  been  more  favorable  for  the  development  of 
headwater  erosion  than  that  of  many  streams  of  the  present  alonp:  the  escarp- 
ment. But  for  some  reason  it  has  succeeded  in  capturing:  practically  the  entire 
stream  system  of  a  large  tributary  that  foi  merly  flowed  northwest  and  emptied 
into  Blue  River  at  Pekin.  It  would  appear  that  sifter  having;  once  broken 
through  the  divide  near  the  crest  of  the  escarpment  further  capture  of  the 
lower  tributaries  followpfl  in  relatively  quick  succession. 


I 


Vift.  26.  View  aerons  the  vallpy  of  Muddy  Fork  <if  Silvor  Ci  wk  juKt  wt'sl  i>f  HorHrn.  Clark 
County.  HiTc  MuilHy  Fork  of  Silver  Crci-k  is  cnlrcncht-H  180  f<-«-t  Iwlow  «n  '>l<l  armlnliini  |<li«i«» 
(iihown  by  ovrn  sky  linol  «f  a  formerly  i>«rthvro!.tfrly  flowinu  stifnm  whieh  I'lilered  Blue  River 
nrar  IVkin.     Throuuh  stn-Hm  iiirHcy  the  (Irainnee  hHs  been   reverMil  nnd  <lcii>ly  enlri'nrhtil. 

The  first  stream  which  still  shows  direct  evidence  of  having?  once  drained 
into  the  Blue  River  .«5y.stem  is  Dry  Fork  Branch.  This  stream  now  empties 
into  Muddy  Fork  of  Silver  Creek,  about  a  mile  below  Borden.  It  is  the  first 
of  the  series  of  barbed  tributaries.  In  succession  the  Iribul^iries  of  the  old 
northwest  drainapc  line  were  annexed  to  the  Silver  Creek  system.  A  num- 
ber of  these,  especially  those  coming  in  from  the  north,  are  decidc«lly  barbc<!. 
The  latest  ones  to  be  taken  in  were  tho.-r  in  sections  '2!>  and  M2,  between  Pekin 
and  Borden.  Evidence  of  this  successive  capture  of  the  tributaries  of  the 
northwest  flowinfr  stream  is  not  found  in  the  barbed  drainage  pattern  alone. 
The  gradation  plain  forme<l  by  the  northwesterly  flowing  stream  has  not  bren 
entirely  destroyed.  To  the  northwest  of  Borden,  just  above  the  town,  is  prc- 
.served  the  oldest  recognized  portion  of  the  old  gradation  plain.  Quite  a  large 
remnant  is  preserved  here,  and  it  still  retains  the  silts  and  gravels  of  the  old 
stream  bed.  This  remnant  is  shown  beautifully  on  the  topographic  map  (See 
Fig.  25;  al.so  Fig.  26).  The  elevation  of  this  ancient  valley  remnant  is  about 
755  feet,  whereas  the  present  reversed  valley  floor  is  575  feet.    This  means 
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that  the  drainnue  chanpre  permitted  the  old  ^jradation  plain  to  be  trenched  at 
this  place  something  like  180  feet.  At  the  mouth  of  Dry  Fork  Branch  the 
entrenchment  is  not  less  than  200  feet.  Remnants  of  the  (gradation  plain  are 
perfectly  preserved  on  both  sides  of  the  piesent  intrenched  valley  to  the  north- 


Fitr.  27.  view  of  the  Old  Pckin  col,  showtnR  the  lower  end  of  a  valley  whirh  hn»  been 
pirnteil  nf  Itx  waters  by  \hv  under-rultinK  of  the  rapidly  devel<i|iini{  Muddy  Fork  of  Silver  Creek. 
Ohl  Pekin  in  the  distanee.  View  taken  from  the  hill  in  the  northern  half  of  Sec,  31  (see  Flte.  2fi>. 


Kiff.  28.  I/MikinK  eiiKtward  ui>  the  old  piratetl  volley  itnutheant  of  Pekln.  The  trees  In 
the  iliHtance  mark  a  deeply  intrenehed  drainaire  line  belonitinK  to  Muddy  Fork  of  Silver  Creek. 
The  diverted  drainaKe  j.i  rapiilly  (lent royinir  the  old.  now  perchetl,  eradation  plain  of  the  formerly 
nnrthwenlly  (lowintr  stream.    View  taken  fronn  hill  in  niir1hi-«»t  iiuurter  Sec.  31   (See  Fijt.  26>. 

west  of  Borden.  The  remnants  are  more  extensive  farther  up  the  .stream 
where  the  piracy  occurred  at  successively  later  periods.  Finally  the  whole 
of  the  old  valley  is  seen  for  a  stretch  of  about  three-fourths  mile  in  section  30 
stretching  southeast  from  old  Pekin.    Old  Pekin  is  built  on  the  Blue  River 
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marglTi  of  it.    (See  Fig.  27  and  Fiir.  28.)    This  portion  of  tiie  old  valley  is 

moip  than  one-half  mile  wide,  and  is  us  wide  as  the  present  valley  of  the 
Muddy  f'ork  of  Blue  River.  It  was  made  by  a  stream  comparable  in  size  to 
this  Fork  of  Blue  River.  It  drained  an  area  of  approximately  35  square 
miles  while  that  of  Muddy  Fork  of  Blue  River  drains  approximately  40 

square  miles. 

The  few  tributaries  of  the  old  drainage  cour^ic  yet  remaining  are  shallow 
streams.  The  largest  one  comes  in  from  the  sovth.  It  is  not  diseemildy  below 
the  old  valley  flat  in  the  northeast  quarter  of  section  Tl.  On  approachinp  Blue 
River  it  is  trenched  broadly  into  the  old  alluvial  deposits,  and  enters  Blue  River 
occordantly.  The  small  tribntaries  from  the  north  have  scarcely  been  able 
to  transport  their  load  across  the  old  valley  flat,  and  have  the  appearance  Of 
having  slightly  aggraded  the  old  valley  flat  where  they  debouch  upon  it. 

The  divide  between  the  present  streams  on  the  old  valley  flat  southeast  of 
Old  Pekin  is  only  80  feet  above  the  valley  of  Blue  River.  The  old  valley-flat 


Fitr.  Jf      \  .1  v,    sh<i«iiitr  «rnvil  tiiiil  iivirlyin.'  th«    biil-mck  llijor  nf  the  oM  abudoiwd 

valk-y  !H>uth<fist  nf  I',  kin     Mi.iion  U:iilwa>  rut  about  Z  inileii  iiautli<-»i>t  of  Pekin. 

project-  above  tlie  valley  of  Blue  River  as  a  terrace.  The  appearance  is  as 
though  Blue  Uiver  had  cut  its  valley  down  something  like  '>iO  feet  since  the 
stream  adjustment  took  place,  but  such  is  probably  not  the  case.  It  is  evident 
that  the  old  valley-flat  i-  composed  of  alluvium  to  a  considerable  depth,  prob- 
ably as  much  as  or  even  more  than  the  entire  ^0  feet  of  its  projection  above 
Blue  River  valley.  (See  Fig.  29.)  This  elluvium  composed  of  gravels  and 
silts  over  the  old  be<l-rock  floor  is  much  dec  p«  i  iluiii  a  normal  stream  of  its 
siae  should  have  had.  With  the  beheading  of  this  ancient  drainage  in  the 
earlier  stages  of  successive  piracy  the  drainage  remaining  would  not  be  able 
to  maintain  as  low  a  gradient  as  the  previous  larger,  more  vigorous  stream. 
The  result  would  he  aggradation  of  the  valley.  If  this  is  a  correct  interpre- 
tation, the  fact  that  the  present  valley  of  Blue  River  is  ;]()  feet  below  the  old 
valley  flat  is  not  altogether  a  result  of  erosion  downward  of  its  bed  since  the 
stream  adjustments  have  been  nia.ie.  .\f-ain  thi-  ajrirradation  of  the  lower 
.  part  of  the  valley  will  aid  in  explaining  the  exceptionally  low  gradient  of  the 
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old  northwestwardly  flowir.K  stream  as  dptcrmined  by  the  relative  elevations 
of  the  remnants  of  the  gradation  plain.  At  Borden  it  is  755  feet,  and  in  the 
pmerved  lower  portions  it  is  730  feet.  Tliis  would  make,  a  gradient  of  less 
tban  5  feet  to  the  mile. 

Tht  Potential  Future  of  Mudth/  Fork  of  Silver  Cre^k.  When  one  realizes 
that  the  larger  part  of  Muddy  Fork  of  Silver  Creek  has  been  obtained  at  the 
expense  of  the  Blue  River  drainage  system,  and  that  the  last  annexation  was 
relatively  rrrent,  one  must  inquire  whether  these  drainage  adjustments  are 
yet  complete.  It  needs  little  more  than  casual  observation  to  see  that  the 
piracy  is  far  from  complete  in  the  Pekin-Borden  region.  The  tiny  system 
shown  on  the  topographic  map  in  the  southeast  corner  of  section  "0  was  really 
the  latest  accession.  This  was  a  mere  wash  leading  to  the  northwest  before 
the  Monon  Railroad  was  built  through  the  old  col.  The  cut  necessary  for  a 
more  gradual  descent  into  the  Silver  Creek  system  caused  the  wash  to  send 
its  waters  into  the  Silver  Creek  system.  The  smrill  wash  from  the  north  now 
sends  its  water  into  both  sy.stems.  The  rapid  headward  ero.sion  of  the  new 
system  will  soon  cause  all  of  it  to  be  deflected  to  the  southeast.  likewise,  the 
remaining  tributaries  of  the  old  system  must  bo  taken  over  into  the  new.  Muddy 
Fork  of  Blue  River  would  normally  remain  at  its  present  elevation  for  a  long 
period.  In  the  meantime  the  new  system  will  invade  farther  and  farther 
to  the  northwest,  and  in  a  short  time,  <jeolopirally  speaking,  Muddy  Fork  of 
Blue  River  itself  will  be  taken  over  into  the  Silver  Creek  system.  The  head- 
ward  erosion  of  the  invading  system  will  be  relatively  rapid,  since  it  has  mainly 
alluvium  to  work  upon  in  order  to  capture  Blue  River.  One  might  go  still 
farther  in  anticipation  of  this  successive  piracy.  The  invading  system  will 
extend  itself  in  the  direction  of  the  present  flow  of  Muddy  Foric  at  Blue  Biver 
and  capture  tributary  after  tributaiy  -^f  the  pre.sent  stream,  just  as  it  has 
done  in  the  past  after  capturing  Dry  Fork  Branch  of  the  old  system.  By 
following  the  line  of  a  graded  stream  in  this  manner,  the  successive  stream 
piracy  must  be  relativdy  rapid.  Such  successive  stream  piracy  will  eon- 
tinue  as  long  as  the  stream  gradient  in  the  reversed  direction  is  more  favor- 
able for  headward  erosion  than  the  normal  direction.  Whenever  these  stream 
gradients  reach  a  balanced  condition  the  adjustment  is  complete  and  the  drain- 
age  systems  have  arrived  at  the  beginning  of  the  old  age  condition. 

Development  of  Spectni  Bed^Rock  Terraces.  Another  result  of  the  above 
described  stream  adjustments  must  be  mentioned  here.  The  barbed  tributaries 
of  Muddy  Fork  of  Silver  Creek  have  been  adjusting  themselves  to  a  direction 
of  flow  in  accord  with  that  of  the  main  stream  whore  they  enter  it.  They  have 
a  tendency  to  adjust  them.selvcs  in  such  a  manner  that  the  junction  of  the 
main  stream  and  the  tributary  form  an  acute  angle  pointing  in  the  down* 
stream  directiwi.  Practically  all  of  the  barbed  tributaries  have  been  and  are 
making  this  adjustment.  Those  on  the  north  of  the  main  stream  have  much 
more  perceptibility  orientated  themselves  in  the  down  stream  direction  than 
those  on  the  souM..  This  i,>  becau-e  the  dip  of  the  rock  favors  a  migration  of 
the  main  stream  against  the  south  blulT,  especially  in  the  non-graded  portion 
of  the  valley.  This  has  resulted  in  a  shortening  of  the  tHbutaries  at  the 
mouth  and  the  consequent  nullification  of  their  orientation  in  the  downstream 
direction  of  the  main  stream.  While  this  direction  of  adjustment  of  the  barbed 
tributaries  has  been  taking  place,  the  valleys  have  also  been  deepened  by 
down  cutting.  The  combination  of  this  direction  adjustOMnt  at  the  montli  of 
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the  tributaries  and  the  down  cutting;  has  caused  bed-rock  benches  or  terraces 
to  come  into  existence  on  the  upstream  side  near  the  mouths  of  the  tributaries. 
(See  Fi>f.  30.)  Some  of  these  tributaries  have  more  than  the  one  set  of 
terraces.  These  terraces  range  in  height  from  10  to  2r>  feet  above  the  present 
valley  flat  or  above  one  another.  It  is  probable  that  new  accessions  of  drain- 
age due  to  capture  above  has  had  something  to  do  with  the  development  of 
these  bed-rock  terraces,  since  the  resulting  more  vigorous  stream  would  per- 
mit a  lowering  of  the  gradient  where  previous  to  drainage  accession  the  valley 
had  become  somewhat  broadened  in  a  comparatively  graded  condition.  But 
in  any  case  the  adjustment  of  the  barbed  tributaries  in  the  downstream  direc- 
tion of  the  main  stream  is  the  rcspon.«ible  factor  determining  the  position  of 
the  terraces.    These  terraces  have  an  origin  unlike  any  others  that  have  come 


Kljf.  30.  View  of  brd-rock  trrraco  noiihwcst  of  the  mouth  r»f  the  barbcil  strcnm  <im'.h«lf 
milo  northwest  of  BoHcn,  Clark  County.  This  tcrruco  ia  un  i'X»lTi|ilr  <if  Xhmf  hvng  fornnxt 
where  the  barbed  tributaricH  come  Into  the  main  glronm.  They  are  due  l«  an  Rdju«tmfnt 
of  the  harbe«i  tribute rieii  to  the  itrcucnt  reversed  main  stream  lis  ilown-eutlini{  takes  place, 

under  the  observation  of  the  writer.  So  far  as  he  is  aware  such  terraces  have 
never  been  described  before. 

It  may  be  mentioned  here  that  the  case  of  piracy  described  is  one  of  the 
same  type  as  that  of  the  famous  Kaaterskill  Creek  in  the  eastern  .scarp  of  the 
Catskill  mountains,  New  York.'"  The  topographic  conditions  are  essentially 
the  same  except  for  magnitude.  Kaaterskill  Creek  has  taken  over  about  12 
square  miles  of  the  headwater  drainage  of  Schoharie  Creek,  the  back-slope 
stream  of  the  Catskill  mountains  cucsta.  On  the  same  cuesta  an  adjacent 
scarp-stream,  Plaaterskill  Creek,  has  added  some  5  .■square  miles  to  its  drain- 
age by  .successive  piracy.  Farther  south,  Sawkill  Creek  has  stolen  .some  10 
square  miles  from  a  westward  flowing  stream,  but  this  case  is  not  a  case  of 
successive  piracy.  It  was  perhaps  largely  brought  about  by  glacial  action. 
It  will  be  re-called  that  Muddy  Fork  of  Silver  Creek  has  added  something  like 
35  square  miles  to  its  drainage  by  successive  piracy. 

'*■  Kor  a  brief  deM-ription  of  thin  piracy  :  N.  H.  Dmton.  Hull.  (.Witi.  Sue.  Amor..  Vol. 
VII,  18»6,  pp.  605-507.  AUo.  It.  D.  Saliiibury  and  W.  W.  AIwihhI,  U.  S.  G«.-oI.  Surv.,  I'rof. 
Paper  60,  1V08.  pp.  4&-S0. 
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The  Mitehelt  Plain  oiuf  Some  Local  Features  of  lie  Development. 

General  Charnrteiistir.-;  ancl  Complexity  of  the  Mitchell  Plain. 

The  Mitchell  plain  tui  detined  on  a  previous  page  is  an  upland  limestoiM 
plain  characterized  chiefly  by  its  sinlchole  topography.  It  is  essentially  a 
n  irional  -^lopr  with  its  hivrhci  cilfre  at  the  eastern  side  adjacent  to  the  Norman 
upland  into  which  it  usually  nieifces  as  an  upland  surface.  Locally  it  is 
sharply  set  off  from  the  usually  higher  upland  on  tiie  east.  It  inclines  west- 
ward on  the  average  somewhat  less  than  th(  regional  dip  of  the  limestone 
strata  on  and  in  whirli  it  is  developed.  Local  area.s  of  considerable  extent, 
however,  incline  almost  exactly  with  the  westward  dip  of  the  limestone  strata. 

The  eastern  maririn  of  the  Mitchell  plain  on  the  interstream  areas,  where 
it  may  be  readily  disccined,  rharacteristiraliy  attain.'f  an  altitude  of  8.')0  to 
i)50  feet,  with  an  average  of  perhaps  875  feet.  Its  irregular  western  margin 
at  the  foot  of  the  ragged  and  very  imperfect  escarpment  formed  by  the  mndi 
dissected  eastern  edge  of  the  clastic  Che.ster  strata,  ranges  in  altitude  from 
52.'5  to  800  feet,  and  perhaps  averages  650  feet,  or  some  226  feet  lower  than 
the  average  altitude  of  the  eastern  margin.  < 

North  of  East  White  River  the  plain  is  much  diaseeted  and  locally  qnita 

destroyed  by  majni-  and  minor  streams  which  trench  it  from  80  to  200  feet 
below  the  level  of  the  former  more  extensive  upland  .surface.  (See  Fig.  9.) 
South  from  Bast  White  River  the  plain  is  still  vddely  preserved  and  untrendwd 
by  minor  streams.  Aieas  of  considerable  extent  are  verj-  flat  and  show  little 
sinkhole  topography,  but  for  the  most  part  the  plain  i»  from  100  to  200  feet 
above  the  drainage  bases  of  tlw  main  streams,  and  is  chamcli«iied  by  sink- 
holes and  short  intermittent  streams,  the  storm  waters  of  which  disappear  in 

swallow-holes. 

The  Mitchell  plain  ai>  it  exists  today  is  the  result  of  strange  and  complex 
conditions  involving  both  lithologic  control  and  physiographic  development  in 

varying:  dcLTees.  Poitions  of  it  rfach  nearly  if  not  (juite  to  the  level  of  the 
Highland  Rim  peneplain  where  little  !>ubterranean  drainage  exists.  Other  por- 
tions developed  at  a  lower  level,  now  high  above  the  present  local  base-level, 
have  all  the  charactt  i  istics  of  local  peneplains,  and  possess  for  the  most  part 
surface  streams  little  below  the  general  levd  of  the  plain.  These  streams 
farther  down  in  their  courses  usually  become  subterranean.  Such  areas  oc- 
cur in  the  headwater  portions  of  stream.s  where  entrenchment  has  not  occurred, 
and  where  the  stream.s  are  flowing  practically  at  the  level  of  the  late  Tertiary 
peneplain.  The  headwater  portion  of  Lost  River  south  of  Leipsic,  Saltillo, 
and  Campbellsbttrg  and  north  of  Livonia  and  Stampers  Gced^  is  the  largest 
area  representing  .such  conditions.  Even  here  it  is  a  strange  fact  that  the 
rather  flat  plain  as  developed  almost  exactly  corresponds  in  inclination  to  the 
dip  of  the  underlying  strata. 

Other  areas  occur  where  the  main  streams  are  entrenchetl,  but  on  the 
interstream  space  the  level  of  the  late  Tertiary  peneplain  is  preserved  in  a 
much  pitted  sinkhole  plain,  and  here  again  the  plain  very  frequently  conforms 
very  clo.sely  to  the  dip  of  the  strata,  and  is  develope<l  far  below  the  top  of 
the  Mitchell  limestone  lithologic  unit.  Such  areas  are  the  most  common  and 
most  characteristic  of  the  Mitchell  plain,  and  are  found  in  excellent  develop- 
meat  through  the  major  part  of  Harrison  County,  in  the  interstream  spaces 
between  the  Ohio  River  and  Buck  Creek,  between  Buck  and  Indian  erodes, 
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and  between  Indian  Creek  and  Blue  River,  and  also  northwestward  from 

Fredericksburg  to  Orleans  and  Oranpcvillp,  and  thence  to  East  White  River. 
The  westermost  part  of  the  Mitchell  plain,  however,  seems  to  be  developed 
considerably  below  the  level  of  the  late  Tertiary  peneplain.  The  peneplain 
level  is  characteristically  between  70(1  and  800  feet,  while  the  westermost  part 
of  the  Mitchell  plain  is  frequently  well  developed  at  a  considerably  lower  eleva- 
tion. 

Still  other  portions  of  the  Mitchell  plain  are  very  much  dissected  and  sur^ 

faee  drainage  predominates,  as  for  rvrimplc  northward  from  Fast  White  River 
in  middle  northern  Lawrence,  middle  Monroe,  and  eastern  Owen  counties, 
where  White  Rivers,  Salt  Credc,  Bean  Blossom  Creek,  and  the  tributaries  of 
these  streams  have  strongly  dissected  the  plain.  The  interstrcam  ridge.s  and 
occasional  rather  broad  areas  represent  the  level  of  the  nearly  destroyed  sink- 
hole plain.  The  stream  dissection  that  has  taken  place  here  belongs  to  the 
present  cycle  of  erosion  and  represents  the  entrenchment  that  has  taken  place 
since  the  uplift  of  the  late  Tertiary  poncplain. 

Locally  the  Mitchell  plain  con:<ists  of  broad  valleys  and  long  slopes  descend- 
ing from  an  uneven  upland.  Such  an  area  is  found  east  and  northeast  of  Salem 
in  Washington  County,  where  the  valleys  an  ^ut  little  below  the  level  ci  the 
late  Tertiary  peneplain.  The  undulating  upland  adjacent  to  these  preserved 
late  Tertiary  valine  reaches  an  elevation  of  'jrifl  feet  or  .slightly  more  above 
aea  level,  but  for  the  most  part  it  ranges  from  800  to  900  feet  in  altitude,  and 
seems  to  he  composed  of  the  lon>:  slopes  stretching'  from  the  early  Tertiary 
peneplain  down  to  the  level  of  the  later  Tertiary  peneplain  level  which  was 
hardy  devdoped  in  the  headwater  portion  of  Blue  River.  This  region  does 
not  yet  seem  to  be  affected  by  the  entrenchment  which  characterizes  the  pres- 
ent erosion  cycle.  Little  subterranean  drainage  occurs  in  this  area.  Here  the 
Mitchell  plain  is  devdoped  mainly  on  the  Harrodsbnrg  and  Salem  limestones, 
with  the  higher  areas  capped  by  the  St.  Louis  limestone. 

The  complexity  of  the  Mitchell  plain  is  further  exemplified  alon^;  the  west- 
em  margin  where  it  is  still  in  the  process  of  formation.  Here  it  is  being 
enlarged  slowly  at  the  expense  of  the  adjacent  upland  on  the  west.  The  shales 
and  sandstones  which  constitute  the  chief  rock  of  the  nrnihy  upland,  and 
which  occur  as  outliers  and  ridges  upon  the  western  portion  of  the  Mitchell 
plain  are  being  removed  by  surface  erosion.  The  surface  streams  on  the 
clastic  rocks  frequently  become  subterranean  when  they  reach  the  limestone 
beneath.  These  streams  are  usually  short  and  enter  swallow-holes  on  the 
Mitchell  plain.  Below  the  present  .swallow-holes  occur  expanses  of  sinkhole 
topography  which  are  really  local  sinkhde  plains  devdoped  on  the  limestone 
after  the  removal  of  the  clastic  rock  by  normal  surface  erosion.  They  are 
broad,  streamless  valleys  with  many  surface  tributaries  reaching  to  their  very 
mar^dns.  The  development  of  these  streamless  valleys  has-been  progremive. 
As  the  tributaries  have  >;ro\vn  and  cut  downward,  they  have  proj^ressively 
reached  the  limestone.  The  water  then  has  developed  a  sink  near  the  margin 
of  the  uncovered  Hmestooe.  Later,  when  more  of  the  limestone  became  ex- 
posed by  the  removal  of  the  clastic  material,  a  new  sink  would  appear  farther 
upstream,  and  the  old  one  would  be  abandoned.  The  clastic  matei  ial  removed 
from  the  hills  and  the  uplands  above  the  sinkhole  plain  is  Uiken  away  by  the 
normal  processes  of  erosion,  but  it  is  a  strange  fact  that  this  dastic  material 
which  is  usually  carried  by  storm  waters  only  (since  the  small  streams  do  not 
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flow  during  dry  weather)  must  pass  through  subterranean  channels  b«fon 
it  can  leave  the  area.  The  sinkhole  plain  has  come  into  existence  not  only 
because  it  was  able  to  drink  up  the  waters  which  fell  upon  it,  but  also  be- 
cause it  has  been  aUe  to  swallow  great  hills  as  well.  Thus,  loeal  sinlchole 
plains  have  been  developed  near  the  top  of  the  Mitchell  limestone  unit.  These 
local  plains  merge  with  the  greater  expanse  of  the  Mitchell  plain  itself.  It 
is  very  likely  that  a  oonsiderable  portion  of  the  western  half  of  the  UitMl 
plain  owes  its  existence  to  development  in  this  manner,  though  sodl  develop- 
ment could  not  take  place  unless  the  main  streams  of  the  region  were  en- 
trenched 80  as  to  give  an  unbalanced  static  head  on  the  smaller  tributary 
streams. 

Fundamental  Features  of  Subterranean  T>i  uina>je  I)evelo|)ment. 

As  stated  above,  the  Mitchell  plain  is  a  limestone  plain.  Its  features  are 
largely  dependent  upon  this  fact.  Sinkholes,  swallow^holes,  caverns  and  nu- 
merous ]-dvixe  <prin)?.s  are  characteristic  features  of  limestone  regions  and  are 
merely  phenomena  of  .subterranean  drainage. 

Underground  drainage  is  developed  in  limestones  through  the  action  of 
waters  which  descend  throuf^  them,  usually  concentrated  along  the  joints  and 
beddinK  planes.  Limestones  are  fre^iuently  .said  to  be  soluble,  and  sinkhole! 
and  caverns  are  attributed  to  this  fact.  Strictly  speaking  limestones  are  not 
soluble  in  the  ordinary  sense.  Sinkholes  and  caverns  in  beds  of  rock  salt  and 
frypsum  r!vir  directly  to  solution.  But  -uch  is  not  the  case  in  the  (Ifvelop- 
ment  of  undei-ground  drainage  in  limestone  areas.  The  action  is  somewhat 
more  complex  and  involves  a  chemical  change.  The  former  is  entirely  phydcal. 
Water  charged  with  carbonic  acid  (H,CO,)  permeatfs  or  comes  in  contact  with 
the  limestone  strata,  and  the  calcium  carbonate  (CaCO>}  of  which  limestone  is 
chiefly  composed  unites  with  the  carbonic  acid.  This  forms  calcium  In- 
carbonate,  HdCa(COi)t,  which  is  a  -i<!ution.  This  solution  is  then  drained 
away  in  respon.'^e  to  the  gravitatiniKil  circulation  of  the  water.  This  chemical 
process  and  drainage  is  continued  at  the  expense  of  the  limestone  strata.  Con- 
centration of  this  process  and  of  drainage  along  the  joints  and  bedding  planes 
results  in  cavities  and  channels  being  formed.  The  direct  downward  descent 
of  the  waters  gives  rise  to  sinkholes,  while  the  movement  of  the  waters  along 
the  bedding  planes  (which  may  be  nearly  horinmtal)  gives  rise  to  channels 
and  caverns.  Oner  opened  by  such  action,  the  sinkholes  may  become  swallow- 
holes  and  the  channels  and  caverns  may  become  water  routes  of  considerable 
importance.  When  open  to  the  free  flow  of  waters  descending  from  Uio  sur- 
face, the  subterranean  water  routes  are  subjected  to  eorrastve  erosion  whidi 
may  greatly  enlarge  the  channels  and  caverns.  Caverns  may  become  so  en- 
larged by  solution  and  erosion  that  they  may  locally  collapse,  thus  giving  rise 
to  another  class  of  abddioles  which  may  be  called  collapse  sinks. 

All  limestones  are  subject  to  the  development  of  underground  drainage, 
but  in  varying  degrees  dependent  in  part  on  the  structural  and  textural  con- 
ditions of  the  strata  and  In  part  upon  drainage  relationships.  Porous  lime- 
stones are  less  apt  to  have  well  defined  channels,  and  caves  are  usually  small. 
Dense,  compact  limestones  are  usually  well  jointed  and  thin  bedded,  and  it  is 
In  sndi  limestones  that  underground  drainage  is  best  developed.  The  waters 
are  conci  ntrate<l  alonjr  the  joints  and  betiding  plane-,  and  here  the  channels 
and  cavities  occur.  In  porous  limestones  the  waters  permeate  the  entire  stone 
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and  this  results  in  dissolution  of  the  whole  rftUierthan  in  the  formation  of  dis- 
tinct cavities  and  channels.  General  drainafrp  relationships  are  important  con- 
trols also  in  the  development  of  underground  drainage.  It  is  necessary  that  the 
water  descend  deeply  in  the  limestone,  and  that  it  be  drained  out,  as  by  springs, 
at  lower  ok'vations.  A  limestone  plain  or  plateau  whirh  stands  high  above  the 
main  drainage  lines  is  essential  to  any  considerable  development  of  subter- 
ranean drainage.  Limestone  areas  which  have  been  uplifted  after  peneplanar 
tion  and  which  have  become  entrenchor!  by  the  m;ijor  streams  offer  the  bcst 
conditions  for  the  development  of  subterranean  drainage.***  * 


The  above  structural  conditions  and  drainage  relationships  occur  unevenly 
on  the  Mitchell  plain,  and  it  is  due  larfjely  to  this  unevenness  that  it  abounds 
in  complexities.  The  Mitchell  plain  is  developed  in  and  on  the  outcropping 
belt  of  Mississippian  lunestones.  These  limestone  strata  dip  to  the  west-eonth- 
west  at  a  rate  of  approximately  25  feet  to  the  mile,  and  have  a  total  thickness 
of  approximately  45U  feet  in  the  southern  half  of  tiie  area.  The  structural 
conditions  of  the  limestones  making  up  the  belt  deserve  to  be  diseossed  here, 
since  the  full  appreciation  of  the  Mitcfadl  plain  is  dependent  upon  a  speeiile 
knowledge  of  them. 

The  Harrodsburg  limestone  has  a  total  thickness  of  approximately  80 
feet.  It  is  rather  hard  and  crystalline,  and  consists  of  thin  to  massive  layers 
characteristically  unevenly  bedded.  It  is  rather  impure,  containing  chert  and 
geodes  in  abundance.  The  area  of  its  outcrop  is  generally  undulating,  and 
surface  drainage  dondnates.  Sinkholes  are  diatlow  and  confined  to  the  inter- 
stream  space-  Thoy  make  up  only  a  small  portion  of  the  area  of  the  out- 
crop of  the  underlying  limestone.  Much  of  the  outcrop  of  the  stcme  preserves 
only  a  small  portion  of  the  total  thickness  of  the  limestone  unit,  frequently 
beinii;  only  a  capping  over  the  clastic  iinrl  rather  impervous  Borden  series  be- 
low.  It  contains  no  caves  of  importance.  The  springs,  indicating  subter- 
ranean drainage  are  usually  quite  smalt  and  frequently  cease  to  flow  during 
the  dry  season  of  the  year.   Springs,  however,  are  cpiite  common. 

The  Salem  limestone  overlying  the  Harrodsburg,  ranges  in  thickness  from 
a  few  feet  to  probably  lUO  feeU  Where  typically  developed  it  is  a  calcareous 
freestone.  It  is  very  massive  and  unbedded  and  is  not  a  welHointed  lime- 
stone. These  structural  characteiistics  prevent  it  from  h;iving  many  sink- 
holes formed  in  it  directly.  Its  enlarged  joints  which  may  be  seen  in  the  open 
quarries,  however,  testify  that  subterranean  drainage  is  devdoped  to  some  de- 
gree, though  such  drainage  is  negligible.  Topographically  it  is  character^ 
ized  by  long  gentle  slopes  and  fairly  broad  valleys.  It  is  considerably  less 
resistant  to  denudational  agoits  thui  the  underlying  Harrodsburg,  but  fre- 
quently the  topography  of  mie  merges  rather  indistinctly  into  that  of  the 
other. 

•*  Fi»r  further  detaiU  in  the  formHlion  of  sinkholi;*  and  caverns,  thr  ftiUuwiriK  r«'fcrt"nc««: 
Blatchley,  Indinnn  Cnves  and  Thfir  Fhuhh:  2\»l  Ann.  Ri-|>t..  Ind.  Gtml.  Surv..  18»6.  pp.  I21>t24  : 
Cuatiiwi.  On  the  WeRthcrins  of  ti>e  SubcMrbonifermM  Umcatancs  of  Soutbeni  IndiMia:  Prae. 
I»d.  Acad.  8ei.  for  ISM,  pp.  SS-IM:  Purdne.  Oricin  of  Llm««tane  Slnka:  Seictice,  N.  S..  VoL 
XXVI,  l»«7.  pp.  120-121:  Greene.  Cnveji  ami  Cave  Formations  of  the  Mitchell  Linnstonc :  I'roc. 
Ind.  Acad.  Sci.  for  1908.  pp.  1TG-I8a  ;  Bit>flc,  The  C'ycic  of  Subterranean  DrainuKe  «»  Illustrated 
on  the  BloomlnKtoti.  IiKliiinii.  WiinilninuU' :  Pmr.  Iriij.  Arnrt.  Sci.  for  1910,  pp.  9U111  ;  Baott. 
The  Fbuna  of  «  Solution  Pond:    Proc.  Ind.  Acnd.  Hei.  fur  li>10.  pp.  396-403. 
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"The  Mitehdl  limestxme  is  a  gnrap  of  limestones  toltallins  some  S50  feet  in 

thickness  in  the  region  [south  of  East  White  River].  It  consists  of  about 
220  feet  of  St.  Louis  limestone  at  the  bottom,  about  90  feet  of  the  Fredonia 
OSlite  [repre-sentinR  the  St.  Genevieve],  and  about  40  feet  of  Gasper  Oolite 
[distinctly  of  Chester  a^c]  ut  the  top.  The  Mitchell  limestone,  though  com- 
posed of  several  jreoloKic  units,  is  really  a  preat  litholoj^ir  unit  of  compact, 
thin-bedded,  highly  jointed  limci>tone  layers  with  occasional  thin  bands  of  shale 
and  imirare  limestone  horisons.  The  limestone  in  places  oraitains  eonrider* 
able  chert.  Near  the-  top  of  the  St.  Louis  limestone,  chert  is  quite  conspicttOttS 
and  bears  numerou.s  colonies  of  the  coral  Lit  host  ro  lion  canadense. 

"The  Mitchell  limestone  is  fairly  resistant  to  mechanical  denudational 
agents.  It  is  atrncturally  characterized  by  its  ^'rcat  number  of  thin  beds  of 
very  clo.«e  and  compact  nature  and  by  its  hitrhly  jointed  condition.  These 
.structural  characteristics  combined  with  it.s  potiition  above  the  base  level  of  the 
region  of  its  outcrop  have  been  responsible  for  a  wide  area  of  subterranean 
drainage  whose  perfection  of  development  is  probably  not  excelled  anywhere. 
It  i.s  pitted  with  numerous  sinkholes  of  all  sizes  and  combinations.  Only  the 
larger  streams  in  this  limestone  belt  are  surface  streams.  The  outcrop  of  this 
lime-tone  belt  almost  everywhere  por-^v^^c--  a  typical  kar.st  topojrrapby.  Its 
presence  as  a  fairly  resistant  stone  mechanically  and  its  disposition  to  drink 
up  the  waters  which  fall  upon  it  by  subterraneatn  drainage  have  caused  to 
come  into  existence  a  wide  structural  plain  which  has  a  [total]  westward  dip 
comcwhat  less  than  the  dip  of  the  strata  which  mc'ike  up  the  litholo^ic  unit."'^ 

As  a  sinkhole  plain  jmr  exccllatui,  the  Mitchell  plain  is  developed  in  and  on 
the  so-called  Mitchell  limestme  which  responds  to  the  forces  of  weathering  and 
eroFion  as  a  sinplc  unit,  though  it  i.s  made  up  of  at  'r  ist  three  Reolojflc  tUUtS. 
The  most  typical  part  of  the  Mitchell  plain,  however,  is  rather  confined  to  the 
St.  Louis  limestone,  or  the  lower  180  to  240  feet  of  the  Mitchell  lithdogic  unit 
as  it  occurs  south  of  East  White  River,  .^bove  this  peolopric  unit  occur  some 
100  to  150  feet  of  limestone  representing  the  Fredonia  Oolite  and  the  lower 
portion  of  the  Gasper  (Paoli)  Oolite,  in  which  slnldiole  topography  is  common. 
The  latter  two  geologic  units  composing  the  upper  part  of  the  Mitchell  lime- 
stone unit  generally  occur  as  hills  on  the  western  third  of  tlw  Mitchell  plain, 
and  rarely  is  a  plain-like  expanse  developed  upon  them. 

This  feature  of  the  Mitchell  plain  was  first  noticed  hf  Elrod"*  who  dia- 
euBses  and  proposes  divi.sions  for  the  Mitchell  limestone.    He  says  in  part: 

"The  rocks  exposed  in  place  where  sinkholes  are  common  in  Lawrence, 
Orange,  Washington,  and  Harrison  counties  are  always  members  of  the  upper 
01  middle  portion  of  the  Mitchell  limestone  (referring  d^nitely  to  the  St. 
Louis  ^reolojric  unit],  and  the  an^ailar  chert  masses  and  fragments  scattered 
over  the  surface  and  mixed  with  the  red  residual  cluy  come  from  the  same 
Strata  mr  fmn  tite  Lost  River  diert  stratum  [chert  horiaon  near  the  top  of 

the  St.  Louis  limc^^tone  for  which  Elrod  proposes  the  name  Lost  River  chert]." 

In  his  di8cus.sion  of  Lost  River  which  follows,  Elrod  notes  that  the  Lost 
River  subterranean  diannd  is  not  far  bdow  the  Lost  River  chert  and  that  it 
closely  follows  the  dip  of  the  strata  to  the  west  "Compaxatively  speaUn^" 


Mnlott.  S<inio  Spwlsl  PliirsioKrnphic  Kraturcs  of  the  Knobitone  Oucata  Bc^Mi  of  Sottthtra 
Indiaiui:  Proc.  Ind.  Ami,  M,  for         pp.  366  and  368. 

"•Elrod.  The  GcolDcie  BelBtlaiw  «f  Same  8t  Louto  Group  Osm  and  Slakholm:  Prae. 
lad.  Ami.  SM.  lar  ISN.  w 
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says  Elrod,  "sinkholes  are  rarely  seen  in  the  upper  Paoli  limestone  [limestone 
of  the  Mitchell  series  above  the  St.  Louis,  or  the  Fredonia  and  lower  Gasper 
Oolites],  and  when  they  do  occur  are  rough  angular  openings  in  the  lime.stone, 
of  limited  ares.  They  are  net  an  important  feature  in  the  mirfaoe  drainage 
of  the  country,  except  in  the  valleys  wiien  located  near  the  levd  of  the  Lost 

River  chert." 

Thus,  credit  should  be  given  to  Elrod  for  discerning  a  distinct  topographic 
difference  in  the  Mitchell  limestone  strata  which  is  related  closely  to  the 
geoloffic  units  of  the  Mitchell  limestone.  Elrod  discusses  the  chemical  composi- 
tion of  the  various  Mississippian  limestones  w^ith  a  view  of  giving  some  hint 
as  to  the  excellence  of  the  development  of  sinkholes  and  caverns  in  the  St. 
Louis  limestone,  hut  arrives  at  'in  dofinitr'  and  satisfactory  conclusion  a.s  to 
why  a  sinkhole  plain  of  such  excellence  should  be  developed  on  this  limestone 
as  compared  with  oth«*  Ihnestones  of  equal  or  greater  purity  and  rimilar  struc- 
tural characteristics.  This  problem  still  awaits  a  satisfactory  solution. 


South  of  East  White  River  the  Mitchell  plain  as  developed  near  the  top  of 
the  St.  Louis  limestone  is  from  to  1.5  miles  wide  and  is  strictly  a  structural 
plain.  Thus  along  the  Monon  Railway  on  an  east  and  west  line  between 
SaltiUo  and  Orleans  the  strata  dip  to  the  west  at  the  rate  of  20  feet  to  the 
mile.  The  rather  flat  Mitchell  plain  at  Saltillo  has  an  elevation  of  800  feet, 
and  at  Orleans  8^  miles  due  west  it  is  635  feet  in  elevation,  therefore  pos- 
sessing an  inclination  of  20  feet  to  the  mile,  or  exactly  the  same  as  tiie  dip 
of  the  strata  on  which  it  is  devdoped.  Ati  east  and  west  line  ^  miles  farther 
south  extending  between  a  point  near  Smcdleys  in  Washington  Coun^  west- 
ward to  the  Dixie  Highway  south  of  Orleans  also  shows  an  even  inclination 
of  the  plain  to  the  west  at  a  rate  of  20  fort  to  the  mile.  Near  Smedleys  the 
Mitchell  plain  is  developed  at  the  top  of  the  St.  Louis  limestone  at  an  eleva- 
tion of  900  feet  In  tiie  Vm  miles  west  to  the  Dixie  Highway  the  plain  de- 
scends 270  feet,  or  to  an  elevation  of  f>.no  feet.  This  uniform  inclination  of 
the  plain  is  indicated  by  the  chunks  of  angular,  porous,  fossiliferous  chert 
strewn  over  the  surface,  which  occur  near  the  top  of  the  St.  Louis  limestone. 
Similarly  further  south,  the  same  condition  exists  over  a  great  portion  of  the 
sinkhole  plain.  At  the  Harri.son  County  line  on  the  Dixie  Highway  east  of 
Palmyra  the  plain  is  900  feet  in  altitude,  and  at  Hancock  in  northwestern 
Harrismi  County,  BM  miles  due  west,  the  devation  of  the  plain  is  780  feet 
Here  again  the  inclination  is  20  feet  to  the  mile  and  exactly  equivalent  to  the 
westward  dip  of  the  top  of  the  St.  Louis  limestone  on  which  the  plain  is  de- 
veloped. Large  quantities  of  iron  stained,  angular  chert  fragments  strew 
the  surface  ;ind  are  occasionally  seen  in  place.  North  of  l.ancsvillc  in  western 
Floyd  County  the  Mitchell  plain  at  the  top  of  the  St.  Louis  limestone  is  880 
feet  in  altitude,  and  11%  miles  due  west  at  a  point  east  of  Moberly  in  western 
Harrismi  County  the  plain  is  650  feel  in  altitude.  Here  again  the  plain  has 
an  inclination  to  the  west  of  20  feet  to  the  mile,  and  is  coincident  with  the 
chert  horizon  near  the  top  of  the  St.  Loui.s  limestone.  The  chert  at  the  surface 
is  pn  rnt  in  great  abundance,  and  large  angular  pieces  are  piled  up  along  the 
roads  and  in  the  (ield.-<  where  it  has  been  gathered  together.  Frequently  it 
may  be  seen  in  place.    Still  farther  south  in  Harrison  County  the  Mitchell 
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plain  extends  eastward  to  the  very  crest  of  the  Knobstone  escarpment,  and  east 
of  Elizabeth  and  Bnraa  Vista  it  has  an  elevation  of  about  S60  feet***  The 

plain  iJcscoruJ.-^  to  the  wr.'-tvvani  at  the  rate  of  approximately  20  feet  to  the 
mile  for  a  distance  of  10  miles  or  more.  In  the  vicinity  of  Central  the  plain 
near  the  top  of  the  St.  Louis  limestone  is  but  slightly  more  than  600  feet  in 

altitude.'" 

Westward  from  the  above  mentiorrd  sections,  i.  e.,  westward  from  Or- 
leans, Dixie  Highway  some  3  miles  south  of  Orleans,  Hancock,  Moberly  and 
Central,  the  Mitchell  plain  it  wdy  partly  developed,  and  its  inclination  is  some- 
what less  than  20  feet  to  the  mile,  except  where  the  sinkhole  plain  is  developed 
near  the  top  of  the  St.  Louis  limestone  down  a  streamless  valley  to  the  west- 
ward, as  down  Beaver  Creek  westward  from  Mitehd!  alonfr  the  Baltimore  and 
Ohio  Railway  in  Lawrence  County,  and  alone:  a  numher  of  streamless  valleys 
which  reach  westward  towards  Blue  River  in  western  Harrison  County.  Such 
a  condition  is  shown  in  the  eroes  section.  Fig.  83. 

Eastward  from  the  outer  edge  of  the  top  of  the  St.  Levis  limestone  the 
Mitchell  plain  rises  but  little,  and  surface  streams  are  usually  fairly  well 
developed  and  broadly  trench  the  plain.  Broad  valleys  with  long,  gentle  slopes 
are  more  characteristic  of  the  area  than  sharply  intrenched  valleys  with 
interveninjT  subterranean  drainage.  The  condition  rast  of  Bradford  in  north- 
eastern Harrison  County,  as  shown  in  Fig.  33,  and  east  of  Mill  Creek  in 
Washington  County,  as  shown  in  Fig.  82,  and  also  farther  north,  east  of 
Snudleys,  i:  that  of  broadly  developed  valleys  of  surface  drainage  rather  than 
subterranean  drainage. 

Apparently  the  development  of  subterranean  drainage  to  a  high  degi-ee  of 
perfection  near  the  top  of  the  St.  Louis  limestone  is  in  itself  largely  respon- 
sible for  the  structural  plain  at  this  horizon.  The  strata  above  this  horizon 
are  somewhat  purer  calcium  carbonate  than  the  St.  Louis  strata.  Sink- 
holes devdop  quite  readily,  but  apparently  the  strata  waste  away  by  ehonieal 
denudation  ver>'  much  more  readily  than  the  St.  Louis  strata.  Probably  the 
large  amount  of  chert  near  the  top  of  the  St.  Louis  arrests  to  a  considerable 
degree  the  chemical  denudation  of  the  stone,  and  thus  aids  in  giving  rise  to  the 
structural  plain. 

Certainly  the  eastern  edge  of  the  structural  plain,  as  at  Anedleys,  near 
Bradford,  and  at  tibe  crest  of  the  Knobstone  escarpment  in  southeastern  Har^ 
rison  County,  where  elevation.s  of  850  to  900  feet  are  attained,  is  higher  than 
the  late  Tertiary  peneplain,  though  this  line  seems  to  be  a  drainage  divide. 
Probably  in  places  the  eastern  edge  of  the  structural  plain  is  at  the  level  of  the 
early  Tertiary  plain.  The  presence  of  the  gravels  on  the  eastern  edge  in 
southea.stem  Harrison  County,  if  they  are  properly  interpreted,  indicate  that 
the  structural  plain  reaches  quite  to  the  altitude  of  the  old  peneplain  leveL 
Other  areas  to  the  west  develc^Md  at  from  026  to  800  feet  have  alt  the  aspeets 
of  a  peneplain,  but  the  lower  figure  seems  rather  low  for  the  altitude  of  the 
late  Tertiary  peneplain.  It  would  appear  that  areas  which  are  less  than  700 
feet,  and  locally  areas  that  are  considerably  higher,  depending  on  drainage 
rdationships,  must  be  due  to  stripping  and  wasting  away  of  the  upper  strata, 

***Sce  Koomaadale  toporrmphk  sheet.  U.  S.  QitA.  Surv. 

■"Sm  Aihlcy'a  autpwcii  Mctioo  Uumisk  New  Anutcntam.  scoloiiiail  map  of  Um  Lower 
CuteatfccouB  srcii  of  Mtttkeni  ladtsns  (Oonnlan  thcoth  27tli  Ana.  B«pt^  IwL  OeoL  8arv.. 
IMS.  p.  91. 
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leaving  the  incline<l  sink-holo  plain  as  a  structural  plain.  Wide  areas  of  the 
Mitchell  plain  in  Lawrence,  Orange,  Wa.shington,  and  Harrison  counties  bear 
little  or  no  evidence  of  the  former  exietenee  of  sarfaee  streamfl.  Apparently 
after  the  fonner  surface  streams  bociinu'  subterranean,  the  divirlcs  between 
them  wasted  away.  Clastic  material  when  present  must  huve  passed  through 
the  sink-holes  or  swallow-holen,  and  the  limestone  divides  disappeared  by  chem- 
ical denudation  down  to  the  very  level  of  the  former  surface  valleys  near  the 
top  of  the  St.  Louis  limestone.  It  is  certain  that  such  a  result  could  be  ob- 
tained only  by  the  superior  resistance  of  the  horizon  near  the  top  of  the  St. 
Louis  limestone,  as  this  structural  level  is  very  apparent. 

It  must  be  conceded  that  much  of  the  Mitchell  plain  consists  of  slopes 
which  stretch  between  the  early  and  later  Tertiary  peneplain  levels  200  feet 
apart,  as  exonpliHed  in  the  lidnity  of  Salem  and  diwwhere  alonir  the  head- 
waters of  the  westward  and  southward  drainape  on  the  eastern  portion  of  the 
Mitchell  plain.  But  portions  of  the  Mitchell  plain  undoubtedly  correspond  to 
the  late  Tertiary  level.  Still  other  portions  of  it  are  developed  mudi  lower 
than  the  later  Tertiary  level  may  be  conceded  to  be,  and  these  portions  con- 
stitute the  most  perfect  areas  of  subterranean  draina£;e  through  hundreds  of 
sink-holes.  Apparently  much  of  the  Mitchell  plain  as  it  exists  is  largely 
structural,  thou(i:h  the  rejuvenation  at  the  close  of  the  Tertiary  period  was  of 
great  importance  in  that  it  caused  the  main  streams  to  become  entrenched, 
thus  permitting  wide  expanses  of  interstream  spaces  to  develop  subterranean 
drainage.  Also  the  rejuvenation  of  the  streams  and  their  consequent  intrench- 
ment  has  permitted  subterranean  druinaKe  to  develop  on  the  limestone  as  the 
clastic  strata  are  removed  by  surface  wash  and  erosion  from  the  western 
margin  of  the  Mitehdl  plain,  thus  giving  a  greater  expanse  of  dnk-hole  plain 
than  would  otherwise  exist.  But  the  relative  importance  of  the  structural 
characteristics  and  of  peneplanation  in  giving  rise  to  the  Mitchell  plain  cannot 
at  present  be  stated  definitely.  Certainly  both  have  been  of  great  Importance. 
Perhaps  the  more  detailed  treatment  of  local  areas  which  follows  will  show 
more  clearly  the  part  each  has  played  in  the  development  of  this  important 
and  enigmatical  physiographic  unit  In  southern  Indiana. 

Subterranean  Stream  Piracy  in  Westem  Monroe  County. 

The  Bloomington  Quadrun^le,  covering  portions  of  Monroe,  Greene,  and 

Owen  counties,  shows  in  detail  the  topopraphic  features  of  an  area  some  233 
square  miles  in  extent.  Some  of  the  typical  topographic  and  drainage  features 
of  the  Mitchell  plain  and  the  adjacent  portion  of  the  Crawford  upland  are  pre- 
sented in  full.  The  details  of  the  dissected  portion  of  the  Mitchell  plain  from 
Harrodsburg  to  Bloomington  along  Clear  Creek  are  shown  with  great  ac- 
curacy. Southwest  of  Bloomington  a  considerable  portion  of  tite  Mitchell  plain 
is  well  preserved  near  the  divide  between  Kast  and  West  White  rivers.  This 
region  in  particular  presents  a  very  interesting  and  complex  condition  of  drain- 
age, and  illustrates  a  very  unusual  series  of  captures  by  subterranean  stream 
piracy.  Indian  Creek  has  had  some  15  square  miles  of  Its  headwater  portion 
diverted  to  the  more  deeply  entrenched  streams  on  either  side.  Beede'"'  in  his 
classic  paper  on  the  cycle  of  subterrancaTi  draiiiape  has  presented  in  detail  the 


The  Cycle  of  Subtcrraninn  DraiiUKc  as  Illiutrated  in  the  BkMiminicton.  Indwna.  Quad- 
rusle:  Proe.  lad.  Aead.  Sd.  for  IttO.  pp.  Sl-111. 
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conditions  of  drainage  in  this  locality,  and  the  following  discussion  is  either 
tak«n  direetiy  from  hia  article  or  followa  it  rather  closely.  Relative  to  the 
conditions  under  which  subterranean  piracy  develops  Beede  says: 

"At  the  time  when  subterranean  drainapr  is  at  the  maximum  it  is  sub- 
ject to  the  same  accidents  as  surface  drainage,  except  that  the  inodm  operandi 
is  different.  Subterranean  piracy  falls  under  two  distinct  heads,  the  capture 
of  one  surface  stream  by  another  throuph  subterranean  drainapc,  the  ca-siest 
form  to  observe,  and  the  capture  of  one  subterranean  stream  by  another.  In 
eadi  ease  there  are  minor  varieties  of  capture  sneh  as  one  tributary  by  another, 
and  self  capture.  Indeed,  these  arc  probably  much  more  common  than  the 
capture  of  one  surface  stream  by  another. 

"If  a  surface  stream  flows  a  long  distance  over  a  rather  gentle  grade  to 
reach  a  certain  level  while  a  competitor  flows  a  short  distance  to  readi  a 
similar  level,  it  (the  latter)  may  ca])ture  the  headwaters  of  the  foi-mer 
through  subterranean  drainage,  leaving  the  divide  between  the  two  valleys 
intact  This  tendency  is  accentuated  when  the  pirate  is  favored  by  the  dip  of 
the  rocks,  but  frequently  occurs  in  spite  of  the  dip  where  the  dip  is  gentle. 
It  is  probably  true  that  the  only  essential  of  such  capture  is  that  two  streams 
lie  one  hi(?her  than  the  other  in  a  region  of  soluble  rocks  sufficiently  close  to 
each  other  to  permit  the  final  entrance  of  some  of  the  water  of  the  one  to  the 
other.  Examples  of  such  piraqr  are  by  no  means  wanting  in  the  Blooming- 
ton  region." 

It  appears  that  the  subterranean  drainage  southwest  of  Bloomington  bears 

a  definite  relationship  to  the  late  Tertiary  peneplain,  though  drainage  rela- 
tionships are  directly  responsible.  In  the  Bloomington  region  monadnocks  and 
ridges  occur  which  reach  950  to  1,000  feet  in  altitude.  These  reach  nearly 
to  the  kvel  of  the  destroyed  early  Tertiary  peneplain,  and  some  of  them  may 
actually  be  representative  of  that  level.  Southwe.st  of  Bloomin^rton  these  are 
capped  with  Chester  sandstones,  and  occur  as  outliers  on  the  Mitchell  plain, 
or  interlace  with  it  at  its  irregidar  western  margin.  (See  the  Bloomington 
Quadrangle  g<*olo;ric  map,  ;'.9th  Ann.  Rept.,  Ind.  Geol.  Surv-.,  i;)14,  p.  190.) 
The  Mitchell  plain  here  on  the  divide  between  the  two  White  Rivers  reaches 
an  altitude  of  900  feet  or  sHghtiy  more.  It  slopes  gently  from  tiie  higher 
elevations  both  to  the  north  ami  to  the  south.  It  is  cither  pitted  with  sinks 
or  is  drained  by  streams  which  disappear  in  swallow-holes  in  the  area  under 
discussion  southwest  of  Bloomington.  Beede  vmaxda  tiiis  area  as  representa- 
tive of  the  late  Teretiary  peneplain,  though  in  the  text  he  has  mistakenly 
called  it  "the  Pleistocene  peneplain,"  making  a  correction  in  a  footnote  at  the 
close  of  the  paper.  It  is  probable  that  much  of  the  Bloomington  Quadrangle 
which  reaches  from  750  to  825  feet  is  representative  of  the  localized  late  Ter- 
tiary peneplain.  Towards  the  divide  between  the  White  rivers  the  peneplain 
is  developed  at  a  considerably  higher  elevation,  though  it  is  likely  that  the 
long  gmtie  slopes  in  the  vicinity  of  Hunter  switch  do  not  represent  either  the 
early  or  the  late  Tertiary  peneplains,  hut  are  somewhat  above  one  and  below 
the  other.  It  would  not  be  possible  for  an  old  peneplain  surface  to  be  retained 
at  its  original  level  for  a  very  long  period  of  time  on  a  limestone  surface,  be- 
cause it  would  be  reduced  by  chemical  denudation,  though  untouched  by  erosive 
wash.  Slopes  from  outliers  to  the  west  descend  in  rather  gentle  fashion  from 
near  the  level  of  the  early  Tertiary  peneplain  and  in  the  cour.sc  of  a  mile  or 
two  reach  the  level  of  the  late  Tertiary  peneplain  as  preserved  Jn  the  locality 
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at  an  elevation  somewhat  greater  than  800  feet  (See  Fig.  86.)  The  site 
of  the  city  of  Bloomington  and  its  immccliate  vicinity  well  exemplifies  an  area 
which  is  somewhat  below  the  early  Tertiary  peneplain  with  the  drainage  only 
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FIs.  S4.  Dr»inas«  condittoitB  anr  the  hcadwuten  of  Indimo  Creek  Mathwcet  of  Bloocnina^ 
tan.  Monm  Getwtjr.  flooM  li  «|tt*n  miles  im  mm*  at  tbe.  h—dwter  portion  of  Indiu  Crook 
bMln  hsv*  been  diverted  ky  •  eertes  of  ■hKwiiui—  ptmOm.  The  dtacnunoMtle  owUaii.  BA, 
rcvcob  the  1>ed-TOek  eomtltlons  and  shows  tiwfc  the  iaoMr  boiin  of  tndisn  Creek  ts  IM  to  ISO 

r<ot  hik'hi  r  than  the  trib'.itaiy  ~ti('Hin>  of  RMllNrf  CMtk  On  thp  went  nnd  Clrar  Crrcfc  on  the 
i'a>t.  Kli'Miiioiis  tiiixii  frntii  the  BioominBtoii  QiwdlrOMie  Only  the  nuifn  drainage  linki  or 
Kwallciw-hi>u-n  5h<.wn.  idiivy  dnabed  Uoe  eiiiluoBo  the  area  wMeh  formerly  beloBRod  to  the 
surface  drainaKo  nf  Indinn  Crvck. 

slif^htly  below  tin-  late  Tertiary  peneplain  level.  The  topographic  stage  is  that 
of  early  old  age. 

Along  Richland  and  Clear  creeks  to  the  west  and  east,  respeetiiraiy,  of  the 
broad  plain  southwest  of  Bloomington,  the  late  Tertiary  peneplain  is  laxgdy 
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destroyed  by  the  Btream  disBeetion  that  followed  the  uplift  of  the  late  Tertiary 

peneplain.  These  streams  are  from  100  to  260  feet  below  thr  peneplain. 
Such  a  condition  has  been  of  primary  importance  in  the  development  of  the 
flobterranean  drainage  and  the  piracy  soatliweBt  of  Bhxnnington.  Thi«  is  well 
stated  by  Beede: 
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Fl».  S5.  Surfucc  dniiniiK^  of  the  hcndwiiter  purtion  of  Indisn  CrPoV  restored.  The  drain- 
age Bt  the  clit'..  if  thr  Tertiary  in  rioti  was  t'roliably  as  shown  hiri'-.  thi>uch  it  is  likely  that 
■omc  subtcrniiifaii  JiainuKC  «a»  prcfu  tit.  H<>uvy  dashed  line  encluitc*  the  headwater  portion 
of  Indian  Creek  ba«in.  thr-  drainaxe  of  which  ia  now  divairtad  Into  tiM  tribateriM  of  BichlsM 
and  Clear  creeks  through  aubterranean  outlet.^. 


"After  the  first  elevation  [at  the  close  of  the  Tertiary]  took  place,  rapids 
passed  up  the  main  streams  cutting  gorges  in  the  valleys.  As  these  rapids 
passed  the  mouths  of  the  tributaries  the  latter  were  left  oat  of  adjustment 

with  the  master  streams  and  reached  them  hy  nishinp:  over  hiph  rapids  and 
falls.  Some  of  the  larger  tributaries  reduced  the  lower  parts  of  their  courses 
with  snffldent  rapidity  to  prevent  the  development  of  extensive  subterranean 

drainafje  beneath  them,  hut  this  was  not  trur  of  the  smaller  ones  lyinp  on  the 
limestone  plain.   When  the  larger  stream^i  left  the  smaller  ones  hanging  in  the 
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air,  subterranean  drainayre  began  in  earnest.  The  rocks  were  saturated  with 
ground-water  and  near  the  moulhs  of  these  streams  was  an  unbalanced  static 
head  of  about  a  hundred  feet.  This  water  gradually  flowed  into  the  deeper 
valleys  and  was  in  turn  replenished  by  more  from  above,  and  active  under- 
ground drainage  began  and  continued  in  the  manner  already  indicated." 

"It  will  be  noted,"  continues  Beede,  "that  the  headwaters  of  the  western 
branches  of  Clear  Creek  southwest  of  Bloomington  and  the  eastern  tributaries 
of  Richland  Creek  nearly  west  of  Bloomington  and  north  of  Stanford  Station 
fre<iuently  lie  in  deep  valleys  with  steep  heads.  On  the  plain  between  these 
two  creeks  is  a  region  which  is  drained  by  great  sinks  opposite  the  heads  of 
these  streams.  A  little  farther  south  Indian  Creek  heads  on  this  plain  and 
continues  a  little  west  of  .south  with  gentle  grade  in  its  headwaters  compared 
with  the  ones  before  mentioned.    By  following  the  valley  at  the  head  of  Indian 


FiK.  A'i.  Vitrw  showinir  h  (Ist  portion  of  the  Mitchell  plain,  without  .sinkhole  ilrvrlniimrnt, 
iilonR  Sinkini;  Creok  in  M-rlinnK  II  und  1'.!.  thr<H-  mliv%  Miuthwest  i>f  BliiotnlnKton.  View  taken 
from  IllinolK  Cc^itrnl  Rnilway.  looking  aouthwiTst. 


Creek  northward  it  will  be  di.scoveretl  that  the  valley  extends  as  far  north  as 
the  race  track  west  of  the  northern  part  of  Bloomington,  and  that  the  water 
entering  the  large  sink«  just  mentioned  i-;  really  the  water  of  the  head  of 
Indian  Creek.  [See  Figures  ;J4  and  ^5.]  The  same  will  be  noted  of  the  great 
sinks  northeast  and  south  of  Blanche.  The  water,  after  entering  these  sinks, 
appears  in  the  deeply  inci.<ed  heads  of  Clear  Creek  and  Richland  Creek  instead 
of  continuing  down  Indian  Creek.  In  other  words,  Richland  Creek  and  Clear 
Creek  have  captured  the  [head]  waters  of  Indian  Creek  by  subterranean 
piracy. 

"This  diversion  of  water  was  brought  about  by  the  location  of  the  .streams 
in  que.>ition  with  re^ptct  to  the  rock  structure  of  the  region.  The  strike  of  the 
rocks  is  nearly  north  and  .south.  The  lower  rocks  in  the  northeast  and  .south- 
ea.st  part  of  the  region  are  the  .soft  easily  eroded  'Knobstones.'  Salt  Creek,  on 
aeeount  of  its  very  large  size,  readily  etched  its  lower  course  to  grade  and 
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when  the  soft  Knobstone  underneath  the  Mississippian  limestone  was  reached 
it  probably  formed  f aUs  which  rapidly  retreated  hmdward  and  pemitted  pro- 
portionally curly  deepening?  of  the  many  tributarien.  Throug^iovt  the  central 
part  of  the  region  the  heavy,  resistant,  Mississippi  limestones  form  the  coun- 
try rock,  dipping  westward,  throuiKh  which  no  drainage  channels  completely 
penetrated.  The  headwaters  of  Indian  Creek  lie  upon  these  rodcs  and  no- 
where do  they  cut  through  them.  In  a  large  part  of  its  course  the  soft  shales, 
sandstones  and  thin  limestones  of  the  Mississipian  formations  form  the  upland 
rocks.  The  result  is  that  Indian  Creek  with  long  and  gentle  grade  could  not 
compete  with  Clear  Creek,  a  branch  of  Salt  Creek,  in  deepening  the  chan- 
nels of  its  headwaters.  In  the  west  part  of  the  region  the  soft  formations  of 
the  Upper  Mississippian  and  the  baaal  soft  sandstone  and  soft  shales  of  the 
Coal  Measures  or  Pennsylvanian  rocks  form  the  upland.  The  Mitchell  lime- 
stone forms  the  beds  and  basal  part  of  the  bluffs  of  the  streams  in  this  part 
of  the  quadrangle.  lUehland  Creek  for  the  mort  part  lies  in  these  soft  forma- 
tions  and  flows  a  short  distance  to  the  west  fork  of  White  River  at  Bloum- 
field,  reaching  the  same  elevation  as  Indian  Creek  flowing  twice  the  distance  ' 
to  the  east  fork  of  White  River  north  of  Shoals,  in  Martin  County.  Richland 
Creek  being  thus  favored  .'ioon  reduced  the  valleys  of  its  headwaters  below  the 
level  of  Indian  Creek.  This  left  the  head  of  Indian  Cicik  100  to  150  feet 
above  the  creeks  on  either  side  and  its  bed  resting  on  .soluble  rocks.  That  is,  In- 
dian Creek  lay  upon  a  table  land  of  soluble  rocks  with  lower  streams  on  either 
side  of  it.  The  divide  between  Indian  Crprk  and  Clear  Creek  ha-  been  cut 
through  and  removed  much  of  the  way  southwest  of  Bloomington.  Thus  the 
headwaters  of  Richland  Creek  northeast  of  Stanford  Station  are  at  a  level  of 
G80  to  700  feet  above  tide  and  were  cut  into  the  top  of  the  Mitchell  limestone 
which  dips  west  from  the  Indian  Creek  plain  into  Kichland  Creek  valley, 
while  a  west  branch  of  Indian  Creek  lay  at  an  devation  of  800  feet  but  a  half? 
mile  or  little  more  to  the  eastward.  The  divide  between  the  two  is  formed  of 
the  shales  and  sandstones  of  the  Upper  Mississippian.  The  result  of  this 
condition  was  that  the  water  of  the  western  branch  of  Indian  Creek,  a  mile  or 
more  south  of  Blanche,  sank  and  reappeared  in  a  great  spring  at  the  head  of 
Blair  Hollow  a  half  mile  farther  west.  A  similar  thinjr  occurred  less  than  a 
mile  northeast  of  IManchc  and  again  about  a  mile  and  a  half  farther  north* 
east  These  sinks  are  the  largest,  or  most  extensive,  on  the  quadrangle.  As 
we  approach  the  heart  of  the  plain  farther  east  the  sinks  become  smaller  and 
less  conqiicuous,  the  smaller  ones  not  being  shown  upon  the  map. 

**On  the  eastern  side  of  Indian  Creek  valley  we  have  large  sinks.  One  of 
these  is  just  north  of  the  Water  Works  Pond.  Here  the  draiiia^re  entering 
the  sink  flows  into  the  pond  through  Stone  spring  u  few  hundred  yards  far- 
ther south,  entering  Clear  Creek  valley,  being  diverted  from  Indian  Creek  into 
which  drainage  it  once  flowed.  Southwest  of  this  there  is  a  large  sink  oast 
of  the  County  Farm  which  receives  the  drainage  of  a  large  region  to  the  north 
which  normally  belongs  to  Indian  Creek  drainage  [see  Fig.  .IB],  but  appears 
at  the  surface  as  a  large  spring  in  the  north  side  of  a  brunch  of  Clear  Creek 
valley  in  the  N.  W.  hi  of  Sec.  24.  nearly  two  miles  -outh  of  the  vink  [Shirley 
Spring].  The  large  sinks  south  und  west  of  Leonurds  Scliooihuusc  have  their 
outlet  at  Leonards  Mill  [now  torn  away  and  its  site  made  into  a  part  of  the 
lake  of  the  Bloomington  wuter  suiiplv  ]  by  the  house  in  the  head  of  the  deep 
valley  a  half  mile  south  of  the  schouiliousc.  liugs  put  in  the  upper  sink  are 
said  to  reappear  at  Leonards  Mill. 
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"From  the  fore^oinf;  it  will  be  seen  that  the  headwaters  of  Indian  Creek 
have  been  diverted  into  Richland  Creek  and  Clear  Crwk  by  subterranean 
piracy.  On  the  west  this  piracy  is  favored  by  the  «lip  of  the  limestone  and  on 
the  east  it  has  taken  place  against  the  dip,  which  is  very  gentle.  The  sinks 
near  the  outlets  of  the  underfrronnd  streams  are  large,  while  those  more  remote 
are  much  smaller.  The  sm:illo-t  aro  nol  represented  on  the  map.  There  is 
another  case  of  piracy  near  Kirksville  which  is  of  the  same  type  as  that  just 
described." 

Lost  River  and  Its  Subterranean  Drainage. 

Lost  River,  heading:  in  wostr  rn  Wnshimrton  County,  and  passing  through 
northern  Orange  County  and  entering  White  Kiver  in  southern  Martin  County, 
possesses  some  wrasual  drainage  features  on  the  Mitehdl  plain.  The  drainage 
basin  of  this  stream  is  approximately  325  s(|uarr  miles  in  area,  and  nearly  one- 
half  of  it  is  characterized  by  subterranean  drainage.  The  upper  portion  of 
Lost  River  basin  on  the  Mitchell  plain  has  surface  streams,  though  most  of  the 
interstream  spaces  are  pitted  with  .solution  sinks  characteristic  of  subterranean 
drainage.  The  subterranean  drainage  in  the  upper  part  of  the  basin  is  due  in 
part  to  the  entrenchment  of  Lo.st  River  and  its  tributaries  into  the  gently  in* 
clined  plain,  and  in  part  to  the  development  of  subterranean  channels  below 
the  bcfl  of  the  upper  portion  of  Ix)st  River.  Some  .'iO  or  60  s(|uaro  miles  of 
surface  drainage  are  concentrated  into  the  channel  of  Liost  River  above  the 
point  where  the  waters  of  this  stream  disappear  into  developing  solution  dian- 
nels  or  outer  trreat  swallow-holes.  The  waters  whifh  enter  the  subterranean 
channels  appear  again  as  a  surface  stream  about  8  miles  west  of  the  place  of 
entrance  of  the  first  disappearing  waters,  bat  fhe  old  bed,  oeeupied  by  flood* 
waters  durinp  and  for  a  short  time  after  continued  heavy  rains,  may  be 
traced  over  a  very  meandering  route  for  a  distance  of  approximately  19  miles. 
(See  Fig.  37.) 

Elrod,'"  writing  in  1876,  gives  the  following  description  of  Lost  Biver 

and  its  drainafre: 

"The  waters  of  Carters  Creek  and  Lost  River  increase  in  volume  in  their 
course  across  the  outcrop  of  the  St  Louis  limestone  until,  after  uniting  and 
forming  Ix)st  River,  it  strikes  the  ea.stern  exposure  of  the  concretiomury  lime- 
stone in  section  4,  township  2  north,  range  1  east,  where  is  formed  f^e  first 
sink;  the  second  is  in  section  8,  the  third  in  section  13,  township  2  north, 
range  1  west,  and  the  fourth  in  section  11. 

"During  the  summer  and  in  dry  woather,  the  first  sink  takes  in  all  the 
water,  leaving  the  balance  of  the  channel  di7  from  this  place  to  Orangeville. 
Light  rahis  will  cause  this  sink  to  overflow,  and  very  heavy  eontinuons  rains 
for  twenty-four  hours  will  carry  the  water  over  the  whole  Icn^h  of  the  dry 
bed.  The  dry  bed  or  channel  extends  from  the  second  sink  to  Orangeville, 
and  is  the  means  by  which  the  excess  of  rainfall  that  cannot  find  passage 
under  ground  is  carried  ofF,  thu-  iiroventing  an  ovei-flow  of  the  surrounding 
country.  The  .subterranean  channel  is  not  a  simple,  straight,  cavernous  open- 
ing thnrn^  T/hich  the  water  rushes,  but  a  complex  system  of  mains  and  leads, 
a  counterpart  of  the  surface  drainage.  Nor  do  these  underground  channels 
follow  the  course  of  the  dry  bed  as  might  be  supposed  from  there  being  fre- 
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•luenl  openings  along  iUs  bunks  that  connect  with  them.  In  sections  23  and  34, 
township  8  north,  range  1  west,  are  three  openings  that  we  may  designate 
as  wet  weather  risps.  Whonevor  the  water  is  running  into  the  fourth  sink 
in  force  it  bursts  out  at  the  rises,  so  that  we  have  water  running  through  both 
the  upper  and  lower  parts  of  the  dry  bed  and  none  in  the  mMdle  diannel. 

"The  dry  brd  is  not  an  open  chnnncl.  and  has  ?int  tho  vtijctal  and  timber 
growth  common  to  the  margins  of  streams,  hvit  is  studded  with  majestic  forest 
trees,  and  presents  a  wild  and  iMetttre.^>iue  appearance  when  filled  with  the 
mshingr  waters  after  heavy  rains,  which  seem  to  be  lost  in  the  depth  of  the 
forest 

"The  underground  stream  may  be  reached  at  the  fourth  sink,  where  the 
cavernous  opening  is  something  like  eight  feet  wide  and  four  feet  high.  The 
descent  is  gradual  and  fy'M  feet  lonir.  The  river  comes  to  the  surface  at 
Wesley  Chapel  gulf,  in  section  i),  townslup  ;i  north,  range  1  we.st,  where  the 
superincumbent  rocks  have  fallen  in  and  forced  the  stream  to  the  surface.  -  The 
subterranean  stream  may  also  be  reached  at  this  point  throuj^h  a  cave  in  the 
side  of  the  hill.  Some  years  ago  a  boat  was  taken  in  and  the  channel  ex- 
pired for  some  distance  to  a  fall,  beyond  which  it  was  impossible  to  pass. 

**A  few  yards  to  the  northwest,  in  the  .<  ame  section,  is  a  dry  cave  of  con- 
siderable sixe,  that  has  quite  a  local  reputation  for  its  numerous  large  and 
beautiful  stalactite.<(  and  .stalagmites. 

"North  and  mar  Orangeville  is  another  >rulf  or  rise,  where  the  water 
runs  on  the  surface  for  some  few  yards  and  anain  sinks. 

"Orangeville  is  usually  spoken  of  as  the  "rise"  of  I>ost  liivcr,  yet  it  is 
thought,  and  doubtless  correctly,  that  the  true  rise  of  Lost  River  is  on  the  farm 
of  Robert  Hiprpins,  a  mile  or  moie  further  down  the  stream.  Rains  on  the 
headwaters  of  Carters  Creek  and  Lost  liiver  do  not  affect  the  rise  at  Orange- 
ville, but  rains  on  Fultons  Branch,  that  sinks  in  section  16,  township  3  north, 
ranire  1  wr.^t,  do,  so  that  the  water  at  Orangeville  is  rendered  muddy  and  in- 
creased in  volume.  Yet  we  must  think  that  Fulton  Branch  alone  is  insufficient 
to  account  for  the  whole  of  this  rise,  and  it  is  probably  fed  by  other  under- 
ground streams. 

"Stamper^  (''ok,  in  a  small  way,  is  a  counterpart  of  Lost  River,  lacking 
the  dry  bed.  It  i.^  thought  that  it  again  rises  at  the  Spring  mill.s  and  forms 
the  source  of  French  Lick  [Lick  Creek].  Sawdust  and  other  refuse  from  the 
sawmills  situated  on  the  banks  of  the  creek  have  been  worked  out  at  the  Spring 

mills." 

Again  Elrod,  *"  writing  in  1898,  contributes  the  following  with  reference  to 
Lost> River  and  its  sttbtcrranean  drainage  conditions: 

"The  sinkhole  area,  as  a  miIc,  has  no  surface  creek-  anrl  branches,  and 
such  as  reach  its  limits  from  without  soon  find  an  opening  and  disappear 
wholly  or  in  part,  except  Blue  River  and  Buck  Creek.  Occasionally  the  creek 

or  branch  is  replaced  by  a  diy-bed  channel.  The  dry  beds  only  come  into  u:  e 
after  heavy  rains  or  when  the  subterranean  pa.strnges  are  burdened  beyond 
their  capacity.  Lost  River  through  a  part  of  its  .surface  course  is  a  typical 
dry  bed.  When  it  reaches  the  eastern  edge  cf  the  sinkhole  region  it  finds 
a  number  of  underjrround  channels  that  take  in  all  the  water  of  the  |)erei\nial 
stream  east  of  the  Orleans  and  Paoli  road.    If  the  first  openings  are  over- 

'■'The  Geotogic  Relations  of  Some  St.  Ixmiii  Group  Caves  and  Sinkholes:  Proc.  Ind.  Acad. 
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taxed,  the  overplus  of  water  paRses  throagh  a  dry^bed  diannel  farther  west 

into  other  sinks,  but  after  an  excessive  rainfall  all  the  sinks  fail,  and  water 
i-uns  on  the  surface  through  the  whole  extent  of  the  dry-bed  system  and  again 
becomes  a  part  of  the  perennial  stream  a  short  distance  below  llie  Orangeville 
'rise.'  Indian  Creek  for  a  part  of  the  year  nms  underground,  but,  unlike  Lost 
Uivrr,  the  jr'cater  part  of  its  water  passes  over  a  surface  channel  and  a  dry 
bed  i.s  only  exposed  during  the  summer  months.  It  sinks  two  miles  southwest 
of  Corydon  and  'riaea'  again  five  bdow  on  an  air  Una,  and  twice  that  distanea 
following  the  meanHorinps  of  the  rrei1<  bed.  There  is  ample  evidence  that  Lost 
River,  like  Indian  Creek,  at  some  period  in  the  past  was  wholly,  or  for  tha 
greater  part  of  the  year,  a  surface  stream  over  Its  dry-bed  channeL 

"Contrary  to  what  nii^rht  be  expected,  the  subterranean  channel^;  do  not 
greats  increase  in  capacity  as  they  unite  and  pass  under  the  Kaskaskia 
[Chester)  hilla.  This  is  shown  foar  miles  west  of  Orleans  at  what  is  called 
the  'wet-wmtber  rise'  of  the  dry  bed.  Here  water  flows  out  as  it  is  flowing 
into  the  upper  sinks;  hence  water  may  be  flowing  through  two  miles  of  the 
upper  and  lower  course  of  the  dry  bed  and  not  through  the  middle  channel. 
As  soon  as  the  flood-water  begins  to  recede  at  the  'wet-weather  rise'  the  direc- 
tion of  the  flow  changes,  and,  instead  of  rvinning  out,  flows  back  into  the  open- 
ing from  which  it  came.  At  times  the  whole  underground  system  of  channels 
is  overtaxed  and  the  water  llnds  an  oittlei  at  many  places,  and  oecasioDally 
through  artificial  openings,  such  as  the  well  at  Brooktown  and  another  east 
of  Orleans. 

"The  underground  channd  of  Lost  River  ean  be  reached  at  three  places 

through  cavernous  openings.  At  the  first  of  these  near  the  first  sinks,  the 
superincumbent  limestone  is  about  40  feet  thick;  at  the  second  opening  the 
channel  is  not  less  than  60  feet  below  the  Lost  River  chert;  at  Wesley  Chapel 
Gulf  it  is  30  feet  below  the  chert  stratum,  and  the  same  at  Orangeville.  This 
indicates  that  tlie  subterranean  channel  closely  follows  the  dip  of  the  strata 
to  the  west." 

Lost  River  rises  <m  the  Mitchell  plain  in  western  Washington  County 

southeast  of  Campbdlsburg  at  an  devation  of  nearly  900  feet.  The  north 
fork  at  ClaysvUle  has  desoendsd  to  an  devation  of  710  feet.  The  upland  ad- 
jaccnt  to  Claysville  is  776  to  800  feet  fn  altitude.  At  the  junction  of  the  north 
and  south  forks  of  Lost  River  the  elevation  of  the  bed  of  the  stream  is  690 

feet,  and  at  the  entrance  of  Carters  Creek  the  elevation  is  fifiO  feet.  Here  the 
adjscent  upland  is  at  an  altitude  of  700  to  750  feet.  BlutTs  30  feet  high  ap- 
pear along  the  stream,  though  the  valley  is  rather  wide.  Three  miles  below 
the  entrance  of  Carters  Creek  the  water  in  the  channel  of  Ix)st  River  begins 
to  disappear  and  as  a  perennial  stream  ceases  to  exist  below  the  middle  of 
See.  8,  T.  2  N.,  R.  1  E.  Here  tiie  elevation  of  the  stream  bed  is  026  feet,  and 
the  adjacent  upland  is  a  distinct  sinkhole  plain  characterized  by  monotonous 
shallow  sinks  of  similar  shapes  with  undulations  between  them.  The  general 
altitude  of  the  sinkhole  plain  here  is  660  feet 

The  dry-bed  channel  of  Lost  River  possesses  a  number  of  peculiar  char- 
acteristics. Perhaps  the  most  striking  one  is  the  extremely  meandering  con- 
dition of  the  channel. '  (See  Fig.  37.)  From  the  place  where  the  water  first 
burins  to  find  a  subterranean  course  in  Sec.  4,  to  the  "rise"  south  of  Orange- 
ville the  air-line  distance  is  about  8  miles.  The  meandering  distance  is  ap- 
proximately ID  miles.    Apparently  the  main  underground  channels  descend 
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to  the  west  in  a  more  or  less  direct  line.  The  total  underground  descent  is 
approximately  135  feet,  and  this  is  probably  attained  in  a  distance  which 
exceeds  8  miles  but  little.  The  average  rate  of  fall  of  the  underground  stream 
is  iirobably  not  less  tiim  15  feet  to  the  mile,  thongh  tiie  evidence  of  the  swal* 
low-holes  and  the  "gulfs"  indicate  that  the  fall  of  the  upper  part  is  much 
greater  than  the  lower  part.  The  average  fall  of  the  dry-bed  channel  is 
mnfy  about  7  feet  per  mile,  though  this  fall  is  uneven,  being  mneh  greater 
in  tiie  lower  portion.  The  lower  8  miles  have  a  fall  of  95  feet»  while  the 
upper  10  miles  of  the  dry  bed  have  a  descent  of  only  40  feet  The  upper  10 
miles  of  the  dry-bed  channel  is  but  little  entrenched  below  the  sinUioIe  plainf 
being  only  about  25  or  30  feet  below  it,  but  in  the  lower  8  miles  the  entrench- 
ment is  quite  distinct,  amountinfr  to  as  much  as  l'<  feet,  and  ovon  more  when 
the  outliers  and  ridges  of  sandstone  which  rise  above  the  Mitchell  plain  are 
considered. 

Below  the  "rise"  of  Lost  River  the  stream  is  s'uppish  and  occupies  a  rather 
deep  channel  with  mud  banks  lined  with  trees.  The  valley  is  filled  quite  deeply 
vritii  alluvium,  though  the  flood  plain  is  rather  narrow.  The  valley  itself 
meanders  extensively  throuph  the  dissected  upland.  The  air-line  distance  from 
the  "rise"  of  Lost  River  to  the  mouth  of  the  stream  is  approximately  15  miles, 
while  tile  channel  distance  is  approximately  S6  miles.  The  total  fall  of  the 
stream  below  the  "rise"  is  about  65  feet,  or  less  than  2  feet  to  the  mile. 

The  sinks,  or  swallow-holes,  and  the  so-called  "gulfs,"  or  localities  of 
collapse  of  the  superincumbent  rock  above  the  subterranean  channel,  deserve 
some  attention.  The  upper  sinks,  or  the  sinks  which  are  in  an  early  stage  of 
development  and  capable  of  takinpr  care  of  the  low  water  flow  of  Lost  River 
only,  are  scarcely  perceptible  openings  in  the  channel  of  Lost  River.  It  is 
dilBcult  to  tdl  where  tiie  water  first  begins  to  sink.  Less  water  runs  out 
of  each  succeeding  pool  until  finally  no  water  at  all  flows  over  the  surface  of 
the  ripples.  These  sinks  first  occur  in  the  stream  bed  in  section  4,  T.  2  N., 
R.  1  B.,  and  continue  along  the  stream  to  the  middle  of  section  8. 

The  flrst  large  swallow-hole  occurs  in  the  southwest  quarter  of  Sec.  7, 
just  east  of  the  Monon  Railway  and  about  '/^  mile  north  of  Lost  River  Station. 
Here  the  dry  bed  of  the  channel  of  Lost  River  is  at  an  altitude  of  about  60U 
feet,  but  the  descent  into  the  swallow-hole  is  something  like  10  feet  The 
channel  to  the  swallow-hole  turns  abruptly  westward  from  the  dry-bed  chan- 
nel and  after  a  northward  turn  along  a  rocky  wall  enters  the  subterranean 
channd.  Branch  channels  with  numerous  small  holes  occur  into  which  the 
hijrh  water  pours.  The  main  swallow-holc  is  much  clotjtred  with  accumulated 
logs  and  brush.  Indications  of  a  former  swallow-hole  just  to  the  north  of 
the  present  one  occur.  It  was  probably  filled  with  debris,  and  as  another  more 
favorable  opening  was  found  nearby,  the  older  one  was  silted  up.  This  swal- 
low-hole receives  practically  all  ordinary  showers  and  even  quite  heavy  rains. 
Extraordinarily  heavy  or  long  continued  rains  cause  considerable  pondmj^  and 
an  overflow  of  the  dry-bed  channel  finally  takes  place. 

The  .second  large  .swallow-hole  is  in  the  .southwest  quarter  of  -Sec.  U, 
T.  2  N.,  R.  1  W.  This  is  the  fourth  sink  of  Elrod.  It  is  approximately  2 
miles  west  of  the  flrst  large  swallow-hole,  but  the  course  of  the  dry-bed  chan- 
nel between  the  two  swallow-holes  is  nearly  5  miles  in  length.  The  elevation 
of  the  dry-bed  channel  just  below  the  swallow-hole  is  6U0  feet.  For  some 
distance  above  the  swaUow^hole  the  diannel  is  cat  below  this  level.  The  ehan- 
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nel  to  the  swallow-hole,  like  the  one  above,  turns  abruptly  to  the  west  fi"oni 
the  dry-bed  channel,  and  descends  some  2o  feet  in  about  250  feet  to  the  vertical 
hole  which  leads  to  the  subterranean  channel.  This  entrance  is  described  above 
in  Elrod's  words.  At  present  the  swallow-hole  i.s  much  obstructed  by  logs  and 
brush,  and  entrance  into  the  subterranean  channel  cannot  be  readily  gained. 
(See  Fi^.  38.)  The  lowest  level  reached  by  the  wiiter  in  the  bottom  of  the 
swallow-hole  was  560  feet,  or  40  feet  below  the  dry-bed  channel.  The  -sink- 
hole plain  adjacent  is  approximately  H20  feet  in  altitude.  Immediately  to  the 
west,  hills  capped  with  sandstone  ri.se  150  feet  above  the  sinkhole  plain.  Ap- 
parently the  subterranean  channel  pa.sses  under  the.se  hills. 

The  Wesley  Chapel  "Gulf,"  or  the  jjreat  pit  formed  by  the  collapse  of  the 
roof  of  the  subterranean  channel  a  short  distance  southea.'^t  of  Wesley  Chapel 
Church,  in  the  northeast  quarter  of  section  i),  indicates  the  chief  route  of  the 


Kill.  3K.  Do<ailt>d  view  of  ihv  tmttJim  of  h  kwrI low-hole  inlo  which  th<?  wnterx  nf  IjoM  River 
|>«HH.  Tho  holf  il.solf  in  not  <>a.sily  i<«>n  bccaunr  i<f  Ihr  loux  an<l  brunh  which  have  Io<Ik<'<I  over 
it.  SwHll"W-hi>lc  nwir  thf  unuthwixl  ciiriifr  tif  section  II.  I  mlU-«  oiM  of  tho  "liw"  nf  Lorit 
Rivt-r.  The  bottom  nf  the  hoir  an  .shown  in  tht  viiiw  ir>  fully  "il  f«>t  below  the  <lry-bv«l  channel 
of  Ixwt  River, 


subterranean  channel.  The  collapse  which  formed  Ihis  "jfulf"  was  very  prob- 
ably largely  brought  about  by  .><olution  of  the  .supoiineumbent  rock  at  this 
place.  The  floor  of  the  "jrulf "  covers  about  4  acres,  and  it  is  rimmed  by  a  lime- 
stone wall  which  ri.ses  'AO  or  40  feet  above  to  the  level  of  the  sinkhole 
floor.  Within  the  rather  level  floor  of  this  crater-like  collapse  feature  is  a 
circular  pit  about  40  feet  deep  within  which  boils  up  the  water  of  I..o.st  River. 
In  low  water  condition  of  the  stream  the  water  immediately  re-enters  the  sub- 
terranean channel  through  openings  at  one  side  of  the  pit.  During  high  water 
condition  the  water  ri.«es  out  of  the  pit  and  floods  the  floor  of  the  "grulf,"  Ci^cap- 
ing  through  numerous  ill-defined  swallow-holes  bordering  the  western  edge 
of  floor  of  the  gulf  at  the  foot  of  the  limestone  bluff'.  This  "gulf"  is  the 
most  spectacular  feature  of  the  Lost  River  drainage  .sy.stem. 

The  "rise"  of  Lost  River,  as  suggested  by  EIrod,  is  south  of  the  reputed 
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"rise"  nt  Oranpcville.  The  volume  of  water  emcrRinj;  a  short  distance  south 
of  the  center  of  section  7,  some  half  mile  below  Oran^eville,  is  much  greater 
than  the  volume  cmerfrinp  from  bcnrath  the  lock  wall  at  Oranireville.  The 
reputed  "rise"  of  Lost  River  at  Oranpreville  very  probably  consists  lartjely  of 
the  accumulated  waters  chiefly  fiom  Diy  Branch  north  and  northeast  of 
Orangeville.  Ver>'  likely  the  waters  which  disappear  in  the  swallow-holes  and 
sinks  west  of  Orleans  and  that  which  rocs  into  the  holes  in  the  dry-bed  chan- 
nel of  Lost  River  in  its  great  northward  bend  come  out  at  the  well-known 
"rise"  at  Orangeville.  The  true  "rise"  cf  Lost  River  is  ultoKether  unspectac- 
ular. The  water  simply  rises  from  below  as  a  great  artesian  spring  confined 
by  slippery  mud  banks  except  on  the  west  where  it  is  open  to  the  main  stream 
coming  from  the  north.  The  Orangeville  "rise"  is  more  striking.  (See  Fig. 
)    T'.  i:  shrprd  li!:c  a  Rrcr.t  hi'.\{  csi  Idrcn  v.  ith  a  semi-circular  wall  of  lime- 


Kijt.  31t.  "Rixp"  of  a  Hubtcri-aneiin  utrcain  at  Oraniti'villc  nputml  U)  he  the  "rlH*""  »t  I»s<t 
Rivfr.  Hrr*.'  h  Ihw  Mrcnm  of  whUt  comiK  from  bi-neuth  the  limentone  strnta  from  m  iMrmi- 
muldrnn-liko  oponinK  and  floMn  nvrny  at  ono  xiclc.  In  nom»iiI  and  low-water  rondition  wwtm> 
1.0<IU,<i4ia  ur  2.110(1,111)11  Kiillnnx  nf  wnli'r  |ivr  day  cumf*  out  of  this  itrvut  artiKinn  Kiifixx. 


stone  rising  some  10  or  1.")  feet  above  the  water.  The  water  ri.ses  out  of  the 
subterranean  channel  and  flows  quietly  away  .southward.  The  artesian  con- 
dition of  the  "rise"  of  Lo.st  River  may  be  a.scribcd  in  part  to  the  development 
of  the  subterranean  channel  along  definite  beds  or  bedding  planes  in  the  St, 
Louis  limestone  somewhat  corresprnding  with  the  dip  of  the  strata,  and  in 
part  to  the  filled  condition  of  the  /alley  below  the  "rise." 

The  sinkholes  in  the  inclined  Mitchell  plain  in  the  headwater  portion  of 
Lost  River  are  not  numerous  except  in  the  immediate  vicinity  of  the  stream, 
and  in  the  headwater  streams  are  practically  absent.  Portions  of  the  upland 
plain  are  without  sinks  and  the  drainage  is  normal  surface  drainage.  Ap- 
parently the  sinks  which  do  occur  in  the  headwater  portion  of  Lost  River  are 
.surface  openings  to  underground  channels  which  enter  Lo.st  River,  the  water 
i.ssuing  as  springs.  When  the  vicinity  of  the  fir.st  sinks  of  Lo.st  River  is  ap- 
proached from  the  east  the  sinks  become  more  numerous  and  are  present 
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eversrwfaere  over  the  plain.  It  appears  that  these  sinks  are  surface  feeders 
to  underground  channels  which  lead  below  the  level  of  the  bed  of  Lost 
River,  Lost  River  itself  finally  entering  the  same  system  of  subterranean 
dianndB.  Apparently  this  syston  of  deep  saMerranean  diannels  has  re- 
svltod  from  rejuvenation  of  the  plain  upon  which  Lost  River  formerly  flowetl 
■8  a  surface  stream.  But  it  is  not  granted  that  the  development  of  the 
snbterranean  drainage  of  Lost  River  may  be  aseribedl  wholly  to  the  favor- 
able condition  created  by  rejuvenation,  though  this  was  fundamental  and  vory 
likely  necessary.  The  subterranean  condition  has  been  attained  in  Lost  River 
partly  because  of  the  extremely  meandering  course  of  the  stream  upon  the 
rejuvenated  limestone  plain.  If  Lost  River  had  had  a  more  direct  route  across 
the  plain,  it  is  quite  likely  that  little,  if  any,  subterranean  drainage  would  have 
developed  in  the  main  channel.  In  other  words,  the  "lost"  condition  of  the 
stream  is  largely  due  to  its  indirect  and  meandering  route  on  the  rejuvenated 
limestone  plain.  Lick  Creek,  an  important  tributary  on  the  south  somewhat 
paralleling  the  course  of  Lost  River  has  no  such  subterranean  route,  though 
many  of  its  upper  triirataries  are  perched  above  it  and  thdr  waters  enter  it 
as  springs  throujjh  subterranean  channels.  It  is  in  this  way  that  the  Lo.st 
River  subterranean  drainage  differs  from  most  of  the  other  subterranean  drain- 
age systems  on  the  Mitchell  plain.  It  may  be  said  to  be  the  only  main  stream 
which  iv  actually  in  a  "lost"  condition,  though  Indian  Creek  in  its  extremely 
meandering  lower  course  attains  a  similar  condition  during  low  water  stages. 


The  Mitchell  plain  north  of  Ellettsville  in  notthwestom  Monroe  County 

has  been  modified  by  ^'l.uiatioii.  The  chief  effect  of  glaciution  has  been  to 
mantle  the  rather  dissected  and  locally  nearly  destroyed  plain  with  glacial 
material,  and  eventually  farther  north  to  cover  over  and  entirely  obscure  the 
plain.  Locally,  where  the  plain  has  been  deeply  dissected  by  surface  streams, 
it  has  been  restored  to  its  original  level  by  placial  material  chiefly  in  the  form 
of  lake  deposits.  Two  areas  of  this  kind  are  of  more  than  ordinary  interest. 
One  of  fhese,  known  as  Fiatwoods,  lies  chiefly  along  the  axis  of  McCormicks 
Creek  between  Ellettsville  and  Spencer  in  Monroe  and  Owen  eoun^es.  The 
devdiqimMnt  of  this  region  is  given  in  some  detail  below. 

The  other  laked  area  developed  in  part  on  the  MitdieU  plain  is  quite  ex' 
tensive.  It  lies  along  Mill  Creek,  or  Kel  River,  in  northwestern  Owen,  .south- 
eastern Putnam,  northwestern  Morgan,  and  southwestern  Hendricks  counties. 
It  is  terminated  at  its  western  edge  by  the  donUe  faO  of  Mill  Creek,  or  Eel 
Rivor.  The  lake  plain  above  the  fall  of  Eel  Wnw  is  approximately  on  the  level 
of  the  Mitchell  plain,  which  was  largely  removed  in  this  locality  by  stream 
dissection  before  the  region  was  glaciated.  The  area  of  the  former  lake,  or 
the  area  affected  by  iwnded  drainage  conditions,  was  .SO  square  mileB  or  more. 
The  altitude  of  the  present  lake  flat,  or  lacustrine  plain,  is  750  to  775  feet. 
Portions  of  the  Mitchell  limestone  plain  are  .seen  about  the  margin  of  the 
silt-covered  area. 

The  lacu.strine  plain  above  the  falls  of  Eel  River  i-^  due  principally  to  the 
obstruction  of  the  pre-Itlinoian  Mill  Creek,  or  Eel  liiver,  in  the  vicinity  of 
Cataract  in  northeastern  Owen  County.  The  Illinoian  glacier  completely  filled 
the  « titienched  valley  in  this  locality  tO  or  somewhat  above  the  level  of  the 
upland  Mitchell  plain  surface.   Following  the  retreat  of  the  ioe  the  waters 
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in  the  drainage  basin  above,  which  also  wus  probably  somewhat  modified,  found 
outlet  at  the  level  of  the  bed«Toek  surface  high  ahove  the  old  oitrenehed  valley. 

The  waters,  however,  re-entered  the  old  valley  somewhat  lower  down.  Falls 
were  formed  where  the  accumulated  waters  of  the  basin  above  entered  the  old 
entroidied  valley.  In  time  the  basin  of  the  ponded  drainagre  became  filled 
to  the  level  of  the  bed-rock  surface  of  the  stream  above  the  falls,  thus  giving 
rise  to  a  lacustrine  plain.  Inwa.sh  in  the  upper  poi'tions  of  this  lacustrine 
plain  have  built  it  up  still  higher.  Portions  ol  it  are  very  flat  and  poorly 
drained,  as  for  example  along  Mud  Creek  in  northwestern  Morgan  County. 
This  locality  west  of  Monrovia  and  north  of  Eminence  is  known  as  "1^ 
Lakes,"  or  the  "Lake  Country." 

The  falls  of  Eel  River  near  Cataract  ere  very  pieturestrue.  The  descent 
of  the  stream  into  the  entrenched  valley  takes  place  over  a  stretch  of  a  mile 
or  more,  and  in  the  series  of  rapids  and  two  falls  of  approximately  25  feet 
each,  a  total  descent  of  nearly  100  feet  occurs.  Picturesque  gorRes  of  several 
hundred  yards  in  length  occur  below  each  of  the  falls. 

It  is  not  known  what  influence  the  Wisconsin  glaciation  had  on  the  lacus* 
trine  plain  above  the  Falls  of  Eel  River.  Possibly  part  of  the  plain  itself  is 
due  to  the  Wisconsin  glaciation.  Few  details  concerning  the  region  are  at 
present  available.  A  possible  connection  of  the  pre-Illinoian  Kol  River  with 
Rattlesnake  Creek  has  been  suggested,"'  but  it  is  not  likely  that  any  such 
connection  existed. 

The  Flatwoods  Region  of  Monroe  and  Owen  Counties. 

The  Flatwowls  area  west  of  Ellettsvillc  chiefly  along  the  axis  of  Mc- 
Cormicks  Creek  in  Monroe  and  Owen  counties,  offers  a  very  interesting  example 
of  the  glacial  modification  of  the  Mitdiell  plain  near  the  limits  of  the  Illinoian 
glacial  margin.  The  area  consists  of  a  flat  plain  some  8  square  miles  in  extent 
at  an  altitude  of  approximately  740  feet.  It  is  partially  surrounded  by  higher 
land  and  exhibits  knolls  of  bed-rock  material  standing  above  the  flat  plain. 
Some  of  the  higher  hills  partially  enclosing  the  plain  reach  an  altitude  of  900 
feet  or  more,  and  rise  150  feet  above  'he  pl  iin.  (See  Fig.  40.)  The  area 
originally  consisted  essentially  of  a  sinkhole  plain  considerably  dissected  by  a 
surface  stream  which  reached  westward  to  West  White  River  near  Spencer. 
This  valley  was  obstructed  by  glacial  material  to  the  level  of  the  sinkhole 
plain,  and  in  the  adjustments  which  followed,  the  drainage  of  the  locality 
•ought  another  route  to  White  River,  chiefly  through  McCormidts  Creek,  which 
in  its  lower  course  descends  IfiO  feet  through  a  deep  gorge,  now  the  site  of 
one  of  the  well  known  state  parks.  About  the  margin  of  the  area  sinkholes 
have  devdoped,  and  much  of  the  marginal  portion,  excepting  the  western  side, 
has  a  .subterranean  drainage,  thus  still  retaining  the  characteristics  of  the 
more  typical  portion  of  the  Mitchell  plain.  The  development  of  the  Flatwoods 
area  and  vicinity  has  been  treated  in  some  detail  by  the  writer*  and  the  fol- 
lowing is  taken  with  little  change  from  an  abstract  published  in  the  S9th 
Ann.  Rept.,  Ind.  Geol.  Surv.,  1<J14,  pp.  217-222. 

Just  w^est  of  Ellettsville  is  a  wide  level  tract  of  land,  only  a  portion  of 
whidi  oomes  within  the  limits  oi  the  Blooinii«ton  Quadrang^  which  has  at- 
tracted the  attention  and  study  of  geologists  for  some  time.  It  is  a  low  level 
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basin,  averaging  about  740  feet  above  sea  level,  about  2  miles  wide  and  reach- 
ing  some  6  miles  northwest  from  Ellcttsville  towards  White  River  ni>ai  S()Lncoi . 
It  consists  of  low  marshy  tracts  of  land  out  of  which  arise  occasional  island- 
like monadnocks;  a  surrounding  peripher>'  of  hill:^  or  higher  land;  and  a  strik- 
ing ash-colored,  silty  soil,  usually  containing  shot-like  ooncretiMis  of  ferrous 
and  ferric  oxide,  which  are  locally  known  as  "turkey  jjravel."  l:i  the  lower 
portions,  especially  near  the  middle  of  the  basin  the  ash-colored  silt  is  covered 
hy  a  black  soil  containing  much  vegetable  matter.  This  black  soil  is  very 
fertile.  Tius  peculiar  basin,  locally  known  as  Flatwoods,  is  drained  mainly 
by  McCormicks  Creek,  only  the  very  headwaters  of  which  are  within  the 
area  of  the  Bloomington  Quadrangle. 


V'lis-  I'l.  SlmtiJi  map  of  tlw  n»t«t>i  il»  ic.icin  i:f  Miifir<  <■  Hnil  Owen  rourd !<.••.  sl»iwin«  th< 
kIhcIhI  bounrlHry  nnil  Iirp-Klnctal  driiinhKC  lini';..  ^■|afwo<llJ^  h  wril  prriiorvxl  iKcuslrini'  plain 
<lfV('lii|>i><<  li>  thf  '.jlaiiiil  •  ilwti  u<t  inn  itml  |i<in<iiiiK  of  a  stmini  «(iirh  inlifnohi'ii  thr  Mitrhill 
plain  at  the  maiKin  of  th>'  drirtUiks  nrrH.  Us  i>urfuci-  nt  nn  Hvi-itim-  nltituile  i>f  74ii  fit-l  ia  Ht 
the  Icvd  of  the  Mltgfeell  plain,  ami  prirtinnii  near  the  marKinH  of  lh<>  itllt-oovcrrti  pinin  po^M■iM( 
anMcrTMiemi  dralnase.  It  it  very  lUcdy  that  the  outlet  of  McCormiclui  Cr«ek  through  the 
deeply  Intrenched  corse  of  ICeCormlelH  Canyoii.  State  Parh.  ma  Inftfaited  throa*h  «ihternincui 
drainnKf. 

About  3%  miles  west  of  Ellettsville  in  the  S.  E.  quarter  Sec.  1,  T.  9  N., 
R.  8  W.,  is  a  narrow  opening  leading  from  the  Flatwoods  basin  into  Raccoon 
Creek  valley.  (Sec  Fig.  10.)  South  of  this  opening  on  either  side  of  Raccoon 
Creek  occur  remnant-^  of  the  same  flat  as  observed  in  the  above  described 
Flatwoods  basin.  In  places  the  remnants  are  quite  extensive,  as  in  Sees.  24, 
28,  14,  and  18.  T.  !>  N.,  R.  3.  W.  Since  the  <irainage  of  Raccoon  Ci-eek  is 
much  lower  than  the  flat-'urfacc<l  remnants  of  the  former  continuous  flat, 
many  V-shapcd  ravines  are  cut  into  it,  making  the  topography  rather  rough. 
Nevertheleas,  the  ilat  tracts  reroaininc  form  a  striking  feature. 
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Evidence  of  this  Raccoon  Creek  portion  of  Flatwoods  having  been  a 
continuous  flat,  like  the  present  Flatwoods  proper,  is  found  in  the  structure 
revealed  in  the  steep-sidofl  ravines  and  in  the  wells  of  the  repion.  Stratified 
sand  is  very  often  present  not  only  revealing  the  fact  that  there  were  dis- 
tinct water  cnrrents,  Init  that  the  ▼alleys  were  filled  up  to  the  levd  of  the 
present  flat  -u:  fared  remnants.  In  some  places  the  region  has  been  filled 
as  much  as  a  hundred  feet.    How  this  took  place  will  be  briefly  outlined  below. 

As  a  matter  of  history  it  mipht  be  mentioned  that  Collet  in  his  report  on 
the  Gcolopr>-  of  Owen  County  (Seventh  Annual  Report,  Indiana  Geological  Sur* 
vey,  187r>),  in  attemptinp  to  explain  the  narrowness  of  White  River  valley 
above  Spencer  near  the  northwest  end  of  the  Flatwoods  basin,  asserted  that 
previous  to  the  Illinoian  glacial  period,  White  River  passed  up  the  narrow 
gorge  of  McCormirk^  f"i(  fk.  throu;rh  the  Flatwood-  basin,  through  the  open- 
ing leading  into  Raccoon  Creek  valley,  and  thence  down  that  valley  to  the 
present  White  River  valley  below  Freedom.  Siebenthal,  commenting  on  Col« 
lett's  idea,  says:  "The  Pleistocene  terraces  of  Bean  Blossom  Creek  dearly 
prove  the  pre-glacial  valley  of  that  creek  to  have  b«en  practically  as  it  Is  at 
presoit.  It  is  impossible  to  imairine  how  it  could  be  cut  down  to  its  present 
depth,  while  White  River,  into  which  it  emptied,  was  runidng  at  a  levd  150 
feet  hijrher  than  now,  as  it  is  aih  K'ed  to  luive  dore.  Moreover,  the  KorRe  of 
McCormicks  Creek  is  clearly  pust-^lacial.  And  further,  it  empties  into  White 
River  at  least  a  mile  below  ihe  upper  end  of  the  'Narrows,'  whose  existence  it 
was  brouffht  forward  to  explain."  (Twenty-first  Annual  Report.  Ind.  Geol. 
Surv.,  18%,  p.  a02.)  Thus  Siebenthal  make.s  it  clear  that  Collett's  idea  is 
untenable.  Siebenthal  suggests  that  the  Flatwoods  basin  was  the  site  of  a 
shallow  lake  during:  the  Illinoian  jrla<*ial  period  and  for  some  time  following. 

There  is  no  doubt  that  the  phenomena  of  Flatwoods  are  to  be  MCplained 
by  the  pnndinfr  of  glacial  waters  In  front  of  tile  Illinoian  ice  sheet  It  seems 
that  the  ice  advanced  slij^htly  into  the  area  represented  by  the  Bloomington 
Quadrangle.  At  its  farthest  advance  it  quite  probably  occupied  the  extreme 
northwest  .sections,  very  likely  entering  the  (luadran^le  near  the  middle  of 
Sec.  33,  T.  9  N.,  R.  3  W.,  and  pas.^injr  northward  past  Freeman  P.  C,  and 
leavintr  the  quadrangle  near  the  Hard^ci  abble  School.  Near  the  residence  of 
Thomas  Coble  in  the  N.  W.  quarter  Sec.  3,  T.  y  N.,  R.  3  W.,  are  remnants  of 
an  old  moraine,  the  only  direct  evidence  of  any  continued  stand  of  the  ice 
front  upon  the  quadrant''*'  From  the  vicinity  of  the  Ilardscrabble  School  the 
ice  front  probably  extended  irregularly  northward  for  over  2  miles  and  then 
swung  eastward,  crossing  the  headwaters  of  Big  Creek,  Jack's  Defeat  south 
of  Stinesville,  and  then  over  the  divi(!e  atid  across  Bean  Blosscm  valley.  Thus, 
the  stream  draining  the  pre-glacial  Flatwoods  basin  was  ice^ammed,  &s  well 
as  the  valleys  of  Jack's  Defeat  and  Bcnn  Blossom.  The  waters  undoubtedly 
accumulated  in  Bean  Blossom  valley  until  they  flowed  over  the  divide  at  the 
old  col  on  the  farm  of  Jack  Litten  about  2  miles  southeast  of  Stinesville. 
After  coming  into  the  valley  of  Jack's  Defeat  in  this  manner,  they  continued 
into  the  next  basin  west,  which  is  the  one  now  oeonpied  by  the  Flatwoods.  The 
waters  reached  this  basin  through  a  low  openin^r  just  wf  ^t  of  Elletlsville. 
Quite  an  extensive  lake  was  formed  in  this  basin.  From  this  basin  the  waters 
found  an  outlet  to  Raccoon  Creek  valley  through  the  opening  described  above 

(hereaftt  t  this  opening  will  be  called  the  TtMn  nnn  Creek  col),  and  passed  down 
this  valley,  finding  an  outlet  along  the  edge  of  the  ice  sheet  or  under  it  in  the 
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vicinity  of  Freeman  P.  0.  Ignoring  the  work  of  the  post-glacial  streams  on 
the  old  lakc-flut  (which  was  the  result  of  the  long  continued  ponded  waters), 
it  can  be  easily  seen  by  the  contours  of  the  Bloomirjrton  topopia|)hic  sheet 
that  the  general  iilope  \»  about  10  feet  to  the  mile  from  the  entrance  into  the 
Flatwoods  basin  just  west  of  Elletsville  to  Uie  vianity  of  Freeman  P.  O.  Thto 
slope  of  the  old  lake-flat  is  in  itself  proof  of  the  direetion  of  flow  of  the 
glacial  waters. 

On  the  withdrawal  of  the  ice,  the  portion  sontii  of  the  Raccoon  Creek  ool 

was  drained;  but  the  region  of  Flatwoods  proper  remained  a  lake  for  a  \m!g 
time,  with  an  outlet  through  the  Raccoon  Creek  col,  or  through  the  col  just  west 
of  Ellettsville  leading  into  Jack's  Defeat  Creek.  Perhaps  both  of  these  openings 
or  cols  were  outlets  for  a  time;  but  the  Racroon  Citek  col  is  slightly  lower, 
and  undoubtedly  persisted  lonper.  The  outlets  of  lake  Flatwoods  were  at  these 
places  because  the  old  buried  valley  was  dammed  so  effectively  at  the  lower 
end  tiiat  it  was  much  higher  here  than  at  the  outlets  above.  Very  probably 
a  morainal  dam  was  present,  for  evidences  of  such  are  to  l)e  seen  near  the 
headwaters  of  Allistons  Branch,  which  was  the  pre-glacial  outlet  of  the  old 
pre-glaeial  stream.  The  steep-sided  deep  ravines  and  the  wells  of  this  r^on 
show  that  the  filliiiK'  here  was  considerably  over  a  hundred  feet.  Moreover, 
the  glacial  material  itself  has  all  of  the  appearances  of  outwaah  from  a 
moraine.  The  slope  also  is  in  the  dirertion  of  the  Raccoon  Creek  col,  whov 
the  waters  undoubtedly  found  an  outlet. 

The  repion  immediately  south  of  the  Hardscrabble  School  (N.  W.  corner 
of  the  quadrangle)  slopes  rather  rapidly  toward  the  south,  to  a  narrow  opening 
in  the  line  of  hills  in  the  middle  of  the  southern  half  of  section  eleven.  The 
glacial  waters  coming  from  the  ire  front  in  the  upper  portion  of  the  pre- 
glacial  McBrides  Creek  basin,  no  doubt  flowed  through  this  opening  and  es- 
caped southward  into  the  Raccoon  Creek  region.  After  the  withdrawal  of  the 
ice  the  waters  continue<l  in  this  direction,  because  McBrides  Creek  valley  was 
filled  by  a  moraine  neai  tlu  western  edge  of  the  <,uadrangle.  Remnants  of 
such  a  moraine  have  already  been  mentioned.  Post-glacial  stream  action  has 
been  rapidly  clearing  the  morainal  and  outwash  material  from  the  pre-glacial 
McBrides  Creek;  but  there  is  much  work  yet  to  be  done.  The  present  drain- 
agre  in  the  region  just  south  of  the  Hardscrabble  School  is  mainly  under- 
ground, a  condition  which  was  perhaps,  already  well  developed  in  pre-IUinoian 
times.  Much  of  the  glacial  material  itself  has  been  carried  away  through  the 
underground  channels. 

After  the  withdrawal  of  the  gladal  ice  front  from  the  vicinity  of  Free- 
man P.  O.,  the  streams  went  to  work  to  clear  out  the  material  which  had 
lilled  their  valleys.  Gradually  Raccoon  Creek  has  cut  its  way  back  into  the 
glacial  material,  or  old  lake-flat,  and  at  present  a  tributary  is  slowly  making 
its  way  into  the  Raccoon  Creek  col,  which  connects  with  Flatwoods  proper. 
Beautiful  terraces  were  \h\\<  formed  in  th<'  old  lake-flat.  These  are  prominent 
features  on  either  side  of  Raccoon  Creek  and  its  tributaries,  and  have  a  dis- 
tinct influence  upon  the  position  of  the  contours.  But  long  ago  the  waters  of 
old  lake  Flatwoods  ceased  to  find  relea.se  through  the  Raccoon  Creek  col. 
Underground  drainage  was  well  developed  in  pre-IUinoian  times,  and  soon 
the  old  subterranean  channels  were  cleared  of  glacial  debris  and  the  waters 
went  throuirb  the  subterranean  pre-plarial  routes.  The  main  stream,  how- 
ever, was  through  Allistons  Branch,  and  this  stream  was  so  thoroughly  clogged 
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that  it  has  never  been  able  to  be  much  of  a  factor  in  the  drainage  of  the  Flat- 
woods  region.   The  present  drainafre  of  Flatwoods  is  throagh  the  rocky  gorge 

of  Mcrormirks  ("reck,  whirh  is  Hi-^tinctly  a  post-jjlacial  stream.  It  was  ini- 
tiated through  underground  drainage,  and,  having  gained  an  early  a^wend- 
aney  through  the  peculiar  suitability  of  its  rock  structure  and  the  great  fall, 
it  soon  had  practically  the  entire  drainaire  to  itself.  Later,  through  weather- 
ing and  erosion,  the  drainage  became  surface  drainage,  practically  as  it  is 
today.  The  lake-flat,  however,  has  always  been  imperfectly  drained ;  even  yet 
small  depressions  are  either  marshy  or  remain  as  small  lakes;  as,  for  instance, 
StOKsdill  Pond  just  ca.'it  of  the  Hardscrabble  School. 

McCormicks  Creek,  which  drains  the  larger  part  of  the  intact  portion  of 
Flatwoods  lacustrine  plain,  will  be  given  somewliat  farther  etmsidenitioa. 
This  stream  arises  on  the  silt-coveref!  plain  west  of  Ellettsville  at  an  altitude 
of  about  750  feet  and  flows  northwest  for  a  distance  of  about  5  miles,  descend- 
ing some  50  feet,  to  the  Bktomington-Spencer  road.  Here  it  has  reached  the 
limestone  of  the  Mitchell  plain,  and  is  >omewhat  trenched  below  the  general 
level  of  the  lacustrine  plain.  Within  the  next  2  miles,  or  the  remainder  of  its 
distance  to  White  River,  it  descends  160  feet,  through  a  rocky  gorge  with  many 
sharp-angled  turns.  This  gorge  runs  through  the  well  known  McCoi niick - 
Canyon  State  Park.  As  stated  above,  it  gained  this  route  through  the  devel- 
opment of  subterranean  drainage;  but  this  need  not  be  considered  as  the  only 
means  by  which  this  route  to  White  River  was  attained.  It  is  possible  that  the 
old  lake  overflowed  in  this  vicinity,  and  that  the  outlet  here  deepene<l  more 
rapidly  than  the  several  other  outlets,  and  thus  became  the  pei-manent  outlet. 
Again,  this  outlet  may  have  been  obtained  through  stream  piracy.  A  pre- 
jrlacial,  deeply-cut  valley  existed  northwestward  from  near  the  present  falls 
in  the  canyon  of  McCormicks  Creek.  It  is  pfissible  that  the  stream  which 
occupied  it  developed  by  headward  erosion  to  the  southeast  sufRdently  to  tap 
the  old  lake,  and  so  drained  it  to  the  northwest.  But  the  writer  still  holds  to 
the  view  set  forth  above,  that  the  canyon  was  more  probably  begun  by  under- 
ground drainage.  The  dip  of  the  rook  and  the  structural  conditions  of  the  St. 
Louis  limestone  in  which  the  gorge  is  developed  wtn-  favorable  and  such  an 
initial  drainage  would  not  be  unnatural  under  such  favorable  drcnmstanoea. 


The  Crawford  upland  as  described  in  Chapter  III  of  this  paper  constitutes 
the  most  rugged  portion  of  Indiana.  It  is  an  upland  plain  eomprasd  of  diveVse 
bed-rock  strata  in  a  hijrhly  dis.«iected  state.  Erosive  processes  have  prevailed 
unetiually  on  the  strata  of  dilTercnt  degrees  of  resistance,  and  diversity  of 
topographic  form  is  common  throughout  the  area,  though  angular  forms  are 
morr  persistent.  Little  of  the  upland  .surface  of  the  supposed  uplifted  early 
Tertiary  peneplain,  or  Highland  Kim  level,  exists,  though  certain  areas,  usually 
((uite  restricted,  may  be  doubtfully  referred  to  it.  DisseeUon  has  been  too 
severe  for  the  presei-vation  of  any  ronsidorablo  areas  of  this  old  uplifted  sur- 
face. Uniformity  in  the  elevation  of  the  higher  ridges  and  hills  is  far  from 
chaneteristie  of  the  Crawford  upland.  Where  certain  resistant  strata  are 
present  on  .some  of  the  major  stream  divides  fairly  even  upland  ridges  and 
aoifaee  areas  exist,  but  these  extend  in  a  north  and  south  direction  in  harmony 
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with  the  strike  of  the  strata  on  which  they  are  developed.  Sueh  surfaces  can- 
not be  referred  to  the  HiKhland  Rim  level,  thouKh  some  of  the  higher  ridgCS 
probably  aitnin  this  level.  Few  such  upland  tracts  extend  in  an  east  and 
west  direction,  because  succe^^jivc  strata  of  different  degrees  of  resistance  con- 
tinually come  in  as  more  wesfcerly  areas  are  appreadied.  The  east  and  west 
ridges  arc  commonly  uneven.  Whcrr  a  i)a'.ticular  re.sistant  .stratum,  such  as 
the  Hardinsburg  or  the  Cypress  sandstones,  rests  on  an  east  and  west  ridge* 
the  inclination  in  the  westerly  direction  is  exactly  equal  to  the  dip  of  the  rock, 
which  is  usually  -U)  or  .'5.">  feet  per  mile  to  the  west.  The  topoj^i  aphic-  forms 
above  the  valley  flats  are  usually  definitely  related  to  the  differential  erosion 
of  the  rock  strata  and  an  appreciation  of  form  development  necessarily  de- 
mands an  intimate  knowledge  of  the  strata  which  make  up  the  upland  mass. 
Since  the  Crawford  upland  is  a  rather  wide  unit  and  the  .strata  dip  30  or  35 
feet  per  mile  to  the  west,  the  strata  near  Ihe  eastern  margin  are  different  from 
those  on  the  west,  and  tiiis  again  emphasises  the  diversity  of  topographic 
forms  within  the  unit. 

Viewed  as  a  whole  the  Crawford  upland  presents  a  bewildering  maae  of 
topographic  forms,  all  indicating  the  power  of  stream  erosion.  Few  areas 
have  escaped  .stream  dissection  to  the  stajre  of  maturity  or  early  old  ajje.  Re- 
lief diversity  is  one  of  the  chief  characteristics  and  occurs  in  common  with 
the  great  variety  of  topographic  forms. 

Every  stream  which  passes  through  the  Crawford  upland  area  occupies  a 
meandering  valley,  and  some  have  exceedinply  tortuous  and  indirect  routes. 
Great  horseshoe- shaped  curves  occur  in  the  deeply  entrenche<l  valleys,  and  fre- 
quently a  larger  regional  turn  is  composed  of  many  smaller  curves  of  the 
valley,  as  for  exanijilo  in  Lost.  Big  Rluc,  and  Ohio  Rivers.  West  White  River 
between  Spencer  and  Worthington  traverse*  a  river  distance  of  32  miles,  while 
the  direct  distance  is  but  20  miles;  East  White  River  in  a  direct  line  across 
the  Crawford  upland  is  30  mile.s,  but  the  stream  cour.se  is  twice  that  fij^ure. 
Indian  Creek  from  its  source  in  western  Monroe  County  to  its  entiance  into 
East  White  River  above  Shoals  covers  a  route  SO  miles  in  length,  though  the 
direct  di.stance  is  only  2ri  miles.  Lost  River  after  leaving  the  **ri8e"  near 
Orangeville  enters  White  River  15  miles  below,  but  its  waters  pas.««  through 
an  exceedingly  tortuous  course  36  miles  in  length.  Patoka  River,  heading 
near  the  eastern  margin  of  the  Crawford  upland  and  passing  out  near  Jasper, 
traver.<es  a  cour.«e  60  miles  in  length,  though  the  air-line  distance  is  but  half 
that.  Little  Blue  Kiver,  entirely  within  the  Crawford  upland  area  has  a  course 
fully  35  miles  in  length,  though  the  direct  distance  is  scarcely  10  miles;  and 
Big  Blue  Rivei  *  (  lueen  Harrison  and  Crawford  rounties,  by  direct  line  from 
the  northern  edge  of  Harri.son  County  to  the  mouth  of  the  stream,  is  17  miles, 
though  the  meandered  course  of  the  stream  is  not  less  than  45  miles.  Finally, 
the  cour.se  of  the  Ohio  River  between  Mauckport  and  Troy  i-  said  to  be  85 
miles,  while  the  direct  distance  is  less  than  3d  miles.  All  of  these  meandering 
valleys  are  narrow  and  deeply-set  within  the  hilly  upland.  Their  valley  sides 
•ire  iieai'ly  everywhere  steep,  itiii  -hicr  cliU's  are  common  M  atures.  The  great 
bends  have  much  steeper  hlutls  on  the  outside  than  on  the  inside  of  the  curves, 
and  the  .streams  usually  (low  at  the  loot  of  these  steep  blutTs,  thus  testifying 
to  the  continued  growth  of  the  meander  curves.  Usually  the  steep,  rocky 
valley  sid<  s  with  one  or  more  sets  of  eliffs  are  heavily  tind)ered,  and  in  sum- 
mer the  dense  foliage  somewhat  obscuies  the  angular  forms  which  prevail. 
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As  noted  above,  few  local  area.s  may  be  assiffned  une<iuivocally  to  the 
Highland  Rim  peneplain  level.  It  is  probable  that  ^me  of  the  higher  hills  or 
knobs  in  Pern-  County,  on  the  dividing  ridge  between  Oil  Creek  and  the  Middle 
Fork  of  Anderson  Creek  north  of  Leopold,  reaeh  this  level;  and  it  is  approx- 
imated again  in  Crawford  County  In  Pilot  Knob  on  the  structural  ridge  be- 
tween Marengo  and  Leavenworth,  and  also  on  the  divi<lirijr  ridpre  northwest  of 
English,  where  elevations  of  850  feet  or  more  ure  attained.  In  eastern  Orange 
County  and  the  extreme  western  part  of  Washington  County  few  places  on  the 
sandstone  rid^t's  reach  an  altitude  above  900  feet.  These  ridges  tower  150 
feet  above  the  Mitchell  plain  on  the  east,  and  probably  represent  the  Highland 
Bim  level.  In  Martin  and  westam  Lawrence  counties  the  higher  hills  and 
ridges  range  from  800  to  900  fMt»  but  no  area.s  exist  at  these  higher  eleva- 
tions which  in  themselves  suggest  peneplain  affinities.  Only  by  inference  from 
their  altitude  may  one  assign  them  to  the  Highland  Rim  level.  In  western 
Monnw  County  the  Kirksville  Ri'lK* .  -hown  on  the  Bloomington  Quadrangle, 
reache<;  an  altitude  of  900  to  980  feet,  and  ha.s  considerable  areas  that  resemble 
the  remnants  of  a  former  peneplain.  Tins  ridge  is  largely  structural,  but  its 
elevation  may  permit  of  its  being  assigned  to  Out  HighlMid  Rim  level.  The 
Cincinnati  Ridge,  shown  in  part  on  the  Blooniinprton  Quadrangle,  may  repre- 
sent the  same  level,  though  it  i&  .somewhat  lower  than  the  Kirksville  Ridge. 
Farther  north  in  Owen  County  the  tops  of  the  highest  hills  possibly  reaeh  tiie 
ipproximate  altitude  of  the  uplifted  and  destroyed  Hi^rhland  Rim  peneplain, 
but  none  of  these  ureas  are  in  themselves  of  sutiicient  breadth  to  show  the 
characteristics  of  peneplain  remnants. 

It  is  usually  diflhsvlt  to  assign  any  particular  area  in  the  Crawford  upland 
to  the  late  Tertiaiy  peneplain  stage,  for  the  present  cycle  of  ero.sion  has  ap- 
parently pretty  largely  destroyed  whatever  local  peneplains  may  have  been 
made  at  that  time.  Commonly  the  descent  along  the  minor  streams  is  abrupt 
and  extends  from  the  uneven  upland  ridfres  to  the  present  stream  levels.  This 
descent  frequently  amounts  to  200  or  300  feet.  The  ridge  surface  may  not 
be  assignable  io  any  peneplain  stage,  frequently  being  too  low  to  warrant  its 
assignment  to  the  Highland  Rim  level  and  too  high  for  its  assignment  to  the 
late  Tertiary  stage.  When  extending  in  a  north  and  south  direction  these 
ridges  may  be  fairly  even  surfaced,  corresponding  to  one  of  the  many  sand- 
stone horizon';  whirh  seem  to  be  chiefly  responsible  for  the  retention  vt  the 
height  of  the  ridges  between  the  deeply  intrenched  streams. 

But  local  areas  do  exist  which  may  be  definitely  assigned  to  the  late  ter- 
tiary peneplain  stage  as  it  has  been  defined  in  Chapter  IV  of  this  memoir. 
Frequently  along  East  White  River  and  other  main  streams  the  polished  chert 
gravels  and  smoothed  geodes  are  pi  esent  on  portions  of  the  ridges  at  elevations 
approximating  700  feet,  though  these  gravels  also  occur  down  to  the  present 
stream  level.  Apparently  when  they  occur  at  a  lower  elevation  than  700  feet 
they  have  been  redcposited,  having  come  from  the  original  deposit  at  the  higher 
level.  There  are  some  indications,  however,  that  a  second  lower  horiaon  of 
occurrence  of  the  gravels  exists.  A  typical  area  of  the  late  Tertiary  peneplain 
with  its  covering  of  gravels  is  found  in  the  vicinity  of  Shoals  in  Martin 
County.  This  area  is  discussed  in  some  detail  bdow. 

It  must  be  emphasized  that  the  Crawford  upland  i.s  an  area  which  has 
undergone  stream  dissection  to  a  mature  or  post-mature  stage.  No  even  up- 
land surfaces  of  any  considerable  extent  exist    Frequently  the  ridges  are 
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deeply  notched,  and  the  higher  parts  may  ttsuaUy  be  related  to  resistant  sand- 
stone masses.  Oceamma]  broad  satr-'  occur  muda  below  the  uneven  surfaced 
ridges;  and  these  are  apparently  developed  upon  resistant  sandstones  at  lower 
levels.  Rock  benches  or  rock  terraces  are  common  aloni;  the  streams,  thousrh 
these  benches  are  never  of  any  considerable  width.  The  more  resistant  strata 
rnmmonly  ^wv  rise  to  an^rular  forms,  and  even-sloped  valley  sides  are  infre- 
(|uent.  Interstrcam  ridges  vary  in  elevation  above  the  valleys  from  a  few 
tens  of  feet  to  hundreds  of  feet,  but  praetieally  all  Interstream  ridges  are 
alike  in  bein^  uneven  on  their  upprr  surface-,  having  many  sa>^>  arni  emi- 
nences. DiiTerential  erosion  is  characteristic  throughout  the  Crawford  upland. 
Everywhere  one  is  impressed  with  the  idea  of  great  erosion  and  diaieetion» 
and  only  inf rtiiuently  is  one  reminded  of  stages  of  peneplanation  where  a 
regional  halt  has  occurred  in  the  erosional  activities  which  have  ao  unevenly 
dissected  the  upland  mass. 

A  general  decrease  in  altitude  of  the  Interstream  ridges  from  east  to 
west  occurs,  thouph  it  may  frequenth  happen  that  a  ridge  on  the  west  is  some- 
what higher  locally  than  a  more  easterly  ridge.  Such  a  condition  may  be 
assigned  to  the  presence  of  higher  resistant  sandstone  on  the  western  ridge 
which  has  caused  it  to  stand  hiph,  whereas  the  more  easterly  ridjrf  has  lost 
this  particular  sandstone  through  erosion,  and  its  surface  is  now  held  up  by  a 
lower  sandstone  which  may  be  equally  resistant,  but  lower  in  elevation  as  well 
as  lower  in  geologic  occurrence.  Outliers  of  the  more  massive  sandstones  fre- 
fiuently  cap  the  prominences  on  tht  easterly  I'idpes,  miles  in  advance  of  the 
general  occunence  ol  the  sandstones.  Thus,  Pilot  Knob,  a  prominence  on  the 
broad  divide  between  Marengo  and  Leavenworth,  it  capped  by  the  Mansfield 
sandstone.  This  outlier  is  at  least  10  miles  east  of  the  more  general  ooeur^ 
rence  of  the  sandstone. 

Thus  a  study  of  the  development  of  the  Crawford  upland  reveals  two 
outstanding  features:  first,  surface  erosion  to  a  pre-eminent  doj^ree,  and  sec- 
ond, lithologic  variety  due  to  alternating  resistant  and  non-resisitant  strati- 
graphic  units  of  variable  thicknesses.  The  former  has  caused  the  proooitBoed 
relief  throughout  the  upland  area  and  the  latter  has  given  diversity  and  angu- 
larity to  the  forms  produced  thrnui,'h  erosion.  Ero.sive  halts  depending  upon 
peneplanation  are  not  evident,  but  structural  levels  are  common  and  range 
from  the  present  base  level  of  erosion  to  the  highest  parts  of  the  uneven  Inter* 
stream  ridges  and  divides.  Few  direct  evidences  of  more  than  the  present 
erosion  cycle  or  more  than  a  single  erosion  cycle  exist.  For  the  study  of  di- 
versity of  reliefs  and  diversity  of  topographic  forms  in  a  plains  region  the 
Crawford  upland  in  its  highly  dissected  state  and  its  divci-sity  of  rock  strata 
offers  an  ideal  region.  Some  of  its  details  will  be  given  ttelow  as  they  occur 
in  selected  areas. 


A  brief  discussion  of  the  roclcs  which  make  up  the  rugged  Crawford  up- 
land will  aid  greatly  in  making  dear  the  chief  cause  of  the  diversity  and 
an^rularity  of  its  land  furms.  Stream  cmsion  hn-  practically  everywhere  rut 
deeply  into  or  through  the  many  geologic  units,  and  exposures  are  very  com- 
mon, especially  in  case  of  the  massive  sandstones.  As  noted  above,  tiie  dip 
of  the  strat^i  to  the  west  carries  the  eastern-most  strata  and  lower  Strata 
geologically,  k>elow  the  stream  levels  in  the  western  part  of  the  area  and 
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higher  strutu  uf  a  .somewhat  different  nature  make  up  the  ridges  of  the  west- 
ern part  of  the  upland.  Clastic  rocks,  however,  prevail  throutrhout  the  area. 

The  lowest  formntion  ReoloKically  is  the  so-ralli  rl  Mitchell  liniestnnr,  which 
has  been  discussed  in  connection  with  the  Mitchell  plain.  In  the  Crawford 
upland  area  at  least  160  feet  of  it  has  to  be  reckoned  with.  Practically  all 
of  the  streams  in  the  eastern  half  of  the  area  have  cut  down  into  it  or  readi 
it.  But  u.sually  outcrops  of  this  lime.stone  <io  not  occur  in  the  intorstream 
areas.  The  iniluence  of  the  Mitchell  limestone  is  rather  confined  to  the  valley 
sides  and  is  in  close  association  with  erosion  near  the  valleys.  Its  inflnence 
is  seen  in  the  local  rievelopmcnt  of  sinkholes  and  subterranean  drainage. 
Inclosed  streannless,  or  semi-^treamless  valleys,  occur  near  the  eastern  border 
of  the  Crawford  upland  area.  The  intrenehmoit  of  the  streams  is  partly 
and  principally  in  this  limestone  at  the  east.  Indian  Creek  and  the  lower 
part  of  Big  Blue  River  are  intrenched  150  to  200  feet  in  the  Mitchell  limestone, 
and  along  their  courses  occur  irreat  bluffs  which  are  almost  vertical  on  the 
OUtsides  of  the  many  meander  bends  of  the^e  valleys.  It  is  in  this  region  of 
entrenched  streams  in  the  Mitchell  limestone  and  overlyinp  elastics  of  the 
Chester  series  that  the  ^reat  caverns  occur.  The  great  caves  like  Wyandotte 
along  Blue  River  in  Crawford  County  and  Mammoth  Cave  of  Kentucky  akmg 
the  deeply  entrenched  Giecn  River,  contain  many  tiers  of  abandoned  water 
routes,  giving  rise  to  the  galleries  for  which  these  caves  are  famous.  The 
series  of  galleries  were  very  likdy  formed  in  succession,  as  the  adjacent 
streams  ate  more  and  more  deeply  into  the  thic  k  limestone.  Today  the  cave 
stream  is  nearly  at  the  level  of  the  entrenched  outer  drainage,  the  upper  gal' 
leries  having  been  largely  abandoned. 

The  Chester  series  comprises  the  greater  part  of  the  strata  of  the  Craw- 
ford upland  area.  This  series  consists  of  alternating  sandstones  or  shales  and 
limestones,  with  a  total  thickness  of  more  than  400  feet.  The  total  thickne.ss 
is  found  only  in  Perry  County.  Farther  north  the  upper  part  of  the  series 
is  ab.sent  beneath  the  overlyin^r  Mansfield  sandstone  of  the  Pennsylvanian  sys- 
tem, because  of  the  erosion  which  preceded  the  deposition  of  the  Mansftdd 
sandstone.  Eastward  the  upper  formations  have  been  removed  by  erosion,  and 
the  middle  and  lower  formations  of  the  .series  form  the  interstreani  masses  of 
rugged  land.  Some  12  or  14  recognized  divisions  occur  in  the  Chester  series 
of  southern  Indiana,  ranging  in  thickness  from  2  feet  to  150  feet  Some  of 
these  constitute  important  controls  of  erosion  and  the  devdopment  of  land 
forms,  while  others  arc  of  little  importance  in  this  respect. 

The  sandstones  of  the  Chester  series,  where  they  attain  a  thickness  of  2U 
feet  or  more  usually  give  rise  to  benches  and  blulfs  and  frequently  eap  hills 
and  divides.  The  most  important  sandstones  in  this  respect  are  the  Cypress 
and  Hardinsburg  sandstones,  coming  in  at  approximately  110  and  195 
feet,  respectively,  above  the  Mitchell  limestone.  The  Cypress  sandstone  is 
remarkably  persistent  in  occurrence  and  attains  a  thickne.ss  of  30  or  36  feet 
throughout  southern  Indiana  at  the  horizon  of  its  occurrence.  It  is  usually  a 
massive  sandstone,  and  in  conjunction  with  tiie  Beech  Creek  limestone  upon 
which  it  rests,  gives  rise  to  benches  and  massive  bluffs  alonjr  both  the  major 
and  minor  streams  in  the  area  of  its  outcrop.  (See  Figures  11  and  M!  )  The 
Hardinsburg  .sandstone  is  especially  well  developed  in  Crawford  County  where 
it  gives  ri.sc  to  structural  benches  along  the  streams  and  forms  bimd,  flat 
divides  in  the  eastern  part  of  the  county.  Farther  north  ita  horixon  is  oeeu- 
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pied  hy  shale  and  it  consequently  gives  rise  to  few  positive  fonna.  Other  sand- 
stones both  above  und  below  the  Cypress  and  Hardinsbur;  sandstones  are  im- 
portant locally,  and  ffive  rise  to  massive  bluffs  alon(>:  the  streams.  The  Sample 
sandstone  along  the  streams  in  eastern  Crawford  County  and  on  the  divides 
in  western  Harrison  County  is  reapomible  for  much  topographic  an^rularity. 

The  limestones  of  the  Chester  series  are  never  of  great  thickness  and 
are  not  of  first  rate  importance  from  a  topographic  point  of  view,  with  the 
exception  of  the  Beech  Credc  limestone.  This  limestone  lies  immediately  be> 
neath  the  massive  Cypress  sandstone.  Tt  i<  from  10  to  25  feet  thick,  and  is 
composed  of  one  or  more  rather  massive  ledges,  and  is  brolien  into  blocks  by 
two  systems  of  joints.  It  is  a  spring  horiaon  of  some  importance  and  locally 
contains  rather  extensive  caves.  Other  limestones  range  from  a  few  feet  up 
to  40  feet  in  thickness,  and  locally  have  given  rise  to  sinkholes  in  the  sinuous 
areas  of  their  outcrops. 

The  shales  of  the  Chester  series  do  not  give  rise  to  positive  forms  but 
rather  act  as  foils  to  the  re-istant  sandstones  between  which  they  frequently 
occur.  The  horizon  of  their  outcrops  on  the  steep  valley  sides  is  usually  cov- 
ered with  rodi-dida  or  talus  from  the  higher  ledges  of  sandstone,  and  as  a  con- 
sequence the  shales  are  little  in  evidence.  Alon^  the  minor  streams,  however, 
the  shales  beneath  the  sandstone  ledges  are  partly  responsible  for  the  small 
waterfallfl. 

The  Mansfield  sand.stone  of  the  Pennsylvanian  system  by  virtue  of  its  mas- 
siveness  and  its  position  capping  tl^e  Chester  series  is  important  physiographic- 
ally.  This  massive  and  frequently  non-bedded  sandstone  ranges  from  a  few 
feet  to  more  than  200  feet  in  thickness.  It  glvw  rise  to  massive  ridges  and 
great  unscalable  blulTs  which  along  the  streams  protrude  wall-like  through  the 
summer  foliage.  It  occurs  as  the  cap  stone  on  the  ridges  in  much  of  the  outcrop 
area  of  the  Chester  aeries.  A  feature  which  is  of  some  importance  physio- 
graphically  occurs  in  connection  with  the  unconformity  at  its  base  Locally  it  is 
found  far  down  in  the  Chester  series,  and  yet  a  short  distance  away  it  may  be 
100  feet  or  more  higher  stratigraphically.  Apparently  it  was  deposited  on  an 
eroded  and  uneven  surface.  Further,  as  a  formation  it  may  be  locally  of  little 
importance  as  a  sandstone,  and  largely  composed  of  sandy  shale.  It  is  best 
developed  as  a  massive  sandstone,  here  and  there  eoataining  pebbles,  in  west- 
ern Perry,  easttrn  Iiuboi>,  western  Lawrence,  and  Martin  counties.  It  is 
the  highest  unit  in  the  Crawford  upland  area,  and  the  surface  of  the  upland 
descends  to  the  westward  in  harmony  with  the  westward  dip  of  this  massive 
sandstone. 

The  Hardinaburg  Straetoral  Plain  in  Eastern  Crawford  Cottuty; 

One  of  the  most  interesting  individual  features  of  the  Crawford  upland 

area  is  the  occurrence  of  bi-oad,  flat  divides  in  eastern  Crawford  County.  Flat 
areas  of  any  considerable  extent  art  so  uncommon  in  the  Crawford  upland 
that  their  occurrence  in  any  locality  forms  a  rather  striking  anomaly,  and 
requires  explanation.  The  area  of  particular  interest  in  thia  respect  is  riiown 
in  the  accompanying  sketch  map,  Fij;.  11.  The  chief  interstream  divide  be- 
tween the  Big  and  Little  Blue  Kiver  systems  south  of  Marengo,  and  the  con- 
tinuation of  the  divide  between  Little  Blue  and  Ohio  rivers  forms  a  flat  upland 
surface  of  considerable  breadth  upon  which  are  occasional  undulations  and 
monadnock-lilce  masses.   The  divide  between  Turkey  Run  foric  of  Little  Blue 
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River  and  Bogards  Creek  and  Little  Blue  Aiver  may  also  be  considered  in 
connection  with  the  main  north  and  aouth  divide.  Tlia  road  from  Marat  go  to 
Leavenworth  or  to  Fredonia  foUows  this  ilat  divide  after  reaching  it  snne  2 
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miles  south  of  Marengo.  The  road  to  English  tnm  Marengo  by  way  of  Pflot 

Knob  is  an  easy  but  circuitous  route  rtinnin>^  aloiiK  a  conriderable  portion  of 
these  divides.  Other  roads  in  Crawford  County  are  far  more  arduous  and 
difficult  routes,  as  is  commoniy  the  case  throughout  the  Crawford  upland. 

The  topographic  condition  of  thcbo  broad  interstream  areas  is  very  similar 
to  that  of  an  upIift(»H  penoplain  where  extensive  remnants  have  not  yet  undor^ 
gone  direction.  While  much  of  the  area  constituting  the  broad  divides  is 
remarlcably  flat  to  the  eye,  nndulations  occur,  as  shown  on  the  sketoh  map,  and 
Pilot  Knob,  capped  by  a  massive  outlio)-  of  sandstone,  rises  100  feet  above  its 
surroundings,  attaining  an  altitude  of  1)05  feet.  Indian  Ridge,  one  and  one- 
half  miles  west  of  Leavenworth,  also  rises  nearly  100  feet  above  the  flat  plain 
^  upon  which  it  is  situated,  attaining  an  elevation  of  770  feet.    Other  undula* 

tions  are  rather  gentle  in  character  and  rarely  rijie  more  than  50  feet  above 
the  flat  plain  upon  which  they  lie. 

The  broad  divides  here  are  from  200  to  400  feet  or  more  above  the  streams 
of  the  i«7,n<)ii  At  the  edges  of  the  flat  divide  occur  precipitous  slopes  and 
steep  descents.  The  main  streams  of  the  region  are  cut  deeply  below  the 
perched  plain  and  the  area  composing  the  valley  sides  with  radiating  ravines  is 
exceedingly  rugped,  in  hai  tnony  with  the  great  relief  of  the  area.  The  plain 
itself  is  inclined  and  broadly  uneven,  but  the  inclinations  are  usually  too  slight 
to  be  detected  with  the  eye.  The  elevations  given,  as  shown  in  Fig.  41,  indi- 
cate the  directions  of  inclination  of  thi.s  flat  upland  divide.  At  the  north  in 
the  vicinity  of  Pilot  Knob,  the  altitude  is  about  800  feet.  At  Fredonia  the 
altitude  is  665  feet.  The  inclination  of  the  axis  of  the  main  ridge  is  at  the 
rate  of  about  16  feet  to  tiie  mile^  chiefly  southward.  To  the  southwest  the 
inclination  on  the  average  is  greater,  amounting  to  somewhat  more  than  20 
feet  to  the  mile. 

Investigation  shows  that  these  broad,  flat  divides,  constituting  a  veritable 
perched  plain,  and  Tather  anomalous  in  the  Crawford  upland  area,  are  not 
necessarily  extensive  remnants  of  an  uplifted  peneplain,  but  that  they  repre- 
sent a  rather  remarkable  structural  level  developed  on  the  Hardinsburg  sand- 
Stone.  The  Hardinsburg  sandstone  is  usually  only  30  feet  thick  and  is  com- 
posed of  thin  flag>o'  sandstone  laj'ers  frecjuently  separated  by  thin  bands  of 
shale.  As  a  unit  it  is  remarkably  resistant  to  erosion.  Minor  streams  run- 
ning over  it  rarely  cut  through  in  the  normal  gradual  manner,  but  rather 

come  to  its  edge,  so  to  speak,  and  plunge  over  it  in  a  series  of  cascades  and 
falls.  Its  great  resistence  has  considerably  retarded  erosion  and  removal  of 
material  at  the  horison  of  ito  occurrence  in  the  interstream  areas,  and  as  a 
result  the  divides  are  abnormally  broad.  The  limestone  and  shales  of  the 
Glen  Dean  formation  which  overlie  it  have  been  largely  removed  from  its 
surface  through  water  wash,  minor  stream  action,  and  solution.  Pilot  Knob 
with  its  capping  of  massive  resistant  Mansfield  sandstone  remains  as  a  monu- 
ment testifying  as  to  the  former  elevation  of  the  divide.  Likewise  Indian 
Ridge»  composed  ol  the  Glen  Dean  formation  and  a  capping  of  Tar  Springs 
sandstone,  here  rather  thicker  than  common,  is  an  erosion  remnant  above 
the  structural  plain. 

This  structural  plain  preserved  on  the  divides  is  remarkably  sensitive  to 
the  dip  of  the  Hardinsburg  sandstone  on  whidi  it  is  developed.  The  dip  of 
the  strata  in  this  .section  of  Crawford  County  is  far  from  uniform,  and  the 
rather  flat  surface  of  the  plain  corresponds  almost  exactly  to  the  dip  of  the 
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rock.  Local  abnormal  dips  are  .shown  on  the  plain  s<urface  as  well  as  in  the 
rock  strata.   Where  the  dip  is  slight  the  inclination  of  tlie  plain  it  aim  slight 

For  instance,  wo-t  nf  Frodonia  ttio  strata  clip  50  fwt  in  the  first  mile.  A 
very  perceptible  inclination  of  the  plain  occurs  here,  as  it  also  inclines  to  the 
westward,  exactly  conforming  wi^  the  dip.  Again  near  Leavenworth  the 
conformity  of  the  plain  surface  to  the  dip  of  the  rocks  is  shown  along  the  road 
on  the  steep  western  limb  of  a  small  anticline  in  sections  31  and  36.  North- 
westward from  the  middle  of  section  36  to  near  the  middle  of  section  27,  north- 
west of  Leavenworth,  the  dip  of  the  .strata  is  very  sli|?ht,  beinf  less  than  6 
feet  to  the  mile.  The  altitude  of  the  plain  alonp  this  line  deneases  very  littlOt 
and  is  exactly  coincident  with  the  surface  of  the  Hardinsburg  sandstone. 

The  stmctttral  plain  forming  the  broad,  flat  divides  is  In  remarkable  topo> 
(graphic  contrast  with  its  environs.  Its  edfres  are  formed  by  precipitous  bluffs 
and  steep  descents,  and  the  streams  which  have  reached  back  into  the  upland 
pUdn  have  cnt  its  edges  into  deep  ravines  extremely  difllenlt  to  cross.  Roads 
are  largely  confined  to  the  valleys  and  the  divides,  and  passage  from  one  to  the 
other  is  far  from  easy.  On  the  road  running  south  from  Marengo  one  is 
scarcely  aware  of  the  declivities  at  the  margins  of  the  plain.  After  passing 
over  ^bm  monadnock-like  Indian  Ridge  the  flat  plain  seems  to  be  continuous, 
but  on  approaching  Kredonia  from  the  north  one  comes  suddenly  to  the  edge 
of  the  plain.  300  feet  below  flows  the  majestic  Ohio  River,  around  a  mag^ 
niflcent  loop  conforming  to  the  great  meander  in  the  valley  trench  itself.  This 
view,  from  nearly  1  mile  north  of  Fredonia,  is  one  of  the  most  impressive  in 
the  entire  state,  and,  liice  the  vista  from  Bear  Wallow  Hill  on  the  Norman  up- 
land of  Brown  County,  is  panoramic.  A  rather  striking  featvre  is  the  presov 
vation  of  the  high  plain  to  the  very  brink  of  the  blufT  Tt  swinps  in  unbroken 
sweep  around  the  sharp  bend  of  the  deep-set  valley.  Drainage  is  directly 
away  from  the  brink  of  the  blulf.  Probably  this  condition  is  the  result  of  the 
unusually  steep  dip  of  the  strata  away  from  the  river  at  this  place.  In  fact, 
the  exceptional  steepness  of  the  dip  suggests  a  partial  explanation  of  the 
anasualiy  well  developed  meander  loop,  since  it  is  likely  that  in  the  deepening 
of  the  valley  the  stream  migrated  somewhat  in  the  direction  of  the  dip. 

It  m*y  be  mentioned  here  also  that  the  Hardinsburg  sandstone  commonly 
gives  ris^  to  structural  levels  in  the  area  west  of  that  represented  by  the 
dcstdl  map.  In  Kentucky  on  the  south,  large  areas  conform  to  the  level  of  this 
resistant  sandstone.  W  Hardinsburg,  in  Breckinridge  County,  where  the  sand- 
stone unit  received  its  geologic  name,  an  area  of  several  square  miles  exactly 
conform  to  this  korinm.  Since  this  structural  plain  so  dosdy  eoinddes  with 
the  horizon  of  the  Hardinsburg  sandstone,  it  may  wdl  be  called  the  HardiitB* 
burg  alructural  plain. 

Some  Local  Features  Akng  Indian  Creek  in  Lawrence  County. 

In  the  ea.stern  half  of  the  Crawford  upland  the  stretims  are  characteristic- 
ally deeply  intrenched  into  the  Mitchell  limestone,  though  the  interstream  spaces 
are  composed  largely  of  Hie  sandstones,  shales  and  thin  limestones  of  tlie 
Chester  series.  Local  areas  bordering  the  streams  fre(|uently  possess  sinUloIa 
topography  where  erosion  has  removed  the  overlying  clastic  rocks. 

Some  of  the  details  of  such  an  area  within  the  Crawford  upland  an 
presintt'd  in  the  accompanying  topographic  map.  Fig.  42.  This  .small  area 
along  Indian  Creek  in  western  Lawrence  County  is  cited  chiefly  for  the  pnipoae 
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©£  Bhowinpr  a  developing  subterranean  cut-off,  but  it  also  shows  tlic  topo- 
gvaphic  condition  of  a  iunaU  portion  of  the  Crawford  upland  where  a  main 
streHin  has  cut  deeply  into  tlw  Mitc3i«ll  limestone.  The  area  lies  from  1  to  8 
miles  north  of  SilvervjUe,  and  from  1  to  3  miles  east  of  the  Lawrence-Martin 
County  line.  It  is  some  8  or  9  miles  west  of  Bedford. 


Fiir.  42.    Ttip«Krii|>hir  xk^trh  nf  a  mnall  area  In  wmtem  Lawrence  County,  nhowtnir  ■ 

d«rvclopinK  nub! i  1 1 iir;<  iiii  ciit-iifT  in  imi'  t.f  thr  aii-jil  nn  atuliTu  of  Indian  rn  i  1.  vii!l<  y,  Tmlinn 
Crook  in  low  whIit  ronditiori  passost  boiu-ath  "Hookoik  Toiiit"  thmUKh  a  subtirnincnii  pus-'Miec. 
The  fall  lhrr>u>th  the  pnsMtur  Is  approximntcly  20  ftvf.  KiTituxon  lU-nil.  an  Intronrhod  wu-Rinlfr 
S.1  milca  around,  is  beinx  abMadoned.  The  aubterranoin  route  is  approxlnuitely  on^fourth 
mile  In  tenetti. 

Indian  Creek  in  this  locality  lies  in  a  very  sinuous  valley  deeply  sunk 

below  the  higher  divirlcs.  The  lenffth  of  the  stream  in  the  2  miles  of  the 
mapped  area  is  5\  mile^i,  or  nearly  three  times  the  direct  distance.  The 
stream  both  above  and  below  the  mapped  area  is  but  slightly  less  sinuous.  It 
occupies  a  narrow  valley  rarely  more  than  "200  yards  in  width.  It  is  usually 
at  one  side  or  the  other  of  the  narrow  valley  and  at  the  foot  of  a  bluff  or 
steq>  rocky  slope,  varyinir  from  30  to  275  feet  in  heif^t.  The  most  strildag 
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feature' of  the  stream  and  its  valley  here  is  the  complex  eastward  meander, 
meander  is  moro  lhan  8  miles  in  circnit  and  retunu  to  within  one-fourth 

mile  of        place  \vh<Tt'  it  hc^rins. 

The  topographic  condition  of  the  urea  i.s  illustrative  of  the  diversity  of 
form  and  condition  common  throuf^ont  the  Crawford  upland.  Ridges  exist, 
but  the  <  rc.st.s  are  uneven.  Sa^^.  sarldlo-,  and  eminences  occur.  The  ravines 
are  sharp  and  largely  rock-bound.  In  their  upper  parts  they  possess  very 
steep  descents.  Local  isolated  sinlchole  plains  are  present,  associated  diiefly 
with  the  entrance  of  tributary  .stream.*;  into  the  main  valley.  They  OOCOT  far 
belov  the  sharp  and  ru;;}ced  sandirtone  ridges,  and  are  in  ^f^^t  topof^raphie 
contrast  with  them.  The  altitude  within  the  4  square  miles  of  the  topographic 
sketch  ranges  from  610  to  876  feet  The  maximum  relief  i»  366  feet  Immedi> 
ate  relief  i.-;  as  much  as  27.'>  or  ."^00  feet.  The  chief  relief  forms  are  the  preat 
bluffs  on  the  out.sidc  of  the  meamler  turns,  sharp,  uneven  sandstone  ridges, 
and  an  isolated  hill  of  some  prominence  within  the  big  meander  loop.  The 
curved  bluff.-  nn  the  out-ides  of  the  meander.s  are  discontinuous  and  alternate 
from  side  to  side  of  the  valley.  These  relief  foiins  are  in  great  contrast  to 
the  local  sinkhole  plain  developed  north  of  the  big  meander  curve.  This  plain 
is  some  60  or  80  feet  above  the  valley  of  Iirdian  Creek.  A  miniature  sinkhole 
plain  is  also  present  on  the  inside  of  the  meander  loop  in  section  8,  some  35  or 
40  feet  above  the  valley. 

The  ridges  of  the  area  are  chiefly  composed  of  massive  MWdstone.s,  though 
their  lower  and  more  pentle  ."slopes  consist  of  thr  upper  part  of  the  Mitchell 
limestone.  The  sinkhole  plain  itscif  is  developed  at  a  level  approximately  100 
feet  below  the  top  of  the  Mitchell  limestone,  or  near  the  top  of  the  St  Looia 
limestone.  The  small  sinkhole  plain  within  the  meander  loop  in  section  8  is 
somewhat  lower  than  the  more  extensive  plam  to  the  northeast  This  is  in 
harmony  with  the  dip  of  the  strata  to  the  southwest 

Poi^.sum  Valley  is  a  streamlcss  valley  which  lies  to  the  east  of  Indian 
Creek.  A  small  portion  of  it  is  shown  on  the  topographic  sketch.  This  valley 
in  itself  offers  an  interc.'itini?  physiojjraphic  feature.  As  a  valley  basin  it  is 
some  3  or  4  miles  in  length.  It  is  rimmed  by  sandstone  ridges  with  the  excep- 
tion of  the  opening,'  to  the  south.  Its  floor  is  occupied  by  numerous  sinkholes 
and  swallow-holes.  Small  streams  descend  from  the  sandstone  ridges  and 
hills  and  enter  swallow-holes  in  the  valley.  Some  of  the  ravines  or  small 
streams  are  heade<i  by  sprinps  which  commonly  issue  from  the  foot  of  steep 
sandstone  bluffs  near  the  top  of  the  ridges.  Two  such  springs  are  shown  on 
the  map.  South  of  the  area  of  the  topographic  sketch  the  valley  is  open,  and 
is  occupied  by  a  -tieani  which  ent<'rs  Indian  Creek  a  mile  or  so  below.  Little 
or  none  of  the  waters  entering  the  swallow-holes  enter  the  stream  below  in 
the  open  valley.  These -waters  apparently  pass  to  Indian  Creek  through  an 
underground  system  which  [i  <  its  termintis  at  Blue  Spring;  Blue  Spring  is 
a  spring  of  great  volume  which  ri-sc.";  out  of  a  cavernous  opening  in  the  edR:e 
of  the  bluff  within  a  few  yards  of  Indian  Creek  channel.  Little  of  the  cavern- 
ous optnins:  is  vi-ible,  because  the  spring  is  artesian.  After  rains  the  muddy 
waters  lise  vivrorou>ly  and  in  ^■'rently  increased  volume.  Durinp  dry  weather 
the  pool  at  the  opening  is  a  deep  blue  color,  and  the  water  rises  quietly  and 
flows  away  at  one  iride  practically  at  the  level  of  Indian  Credc. 

Possum  Valley  is  characteristic  of  many  valley.^  of  its  kind  developed  in 
the  Mitchell  limestone  within  the  eastern  part  of  the  Crawford  upland.  Such 
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valleys  aie  invaritsbly  tributaries  to  a  laiRer  and  more  deeply  entrenched 
nrwin  stream.  They  originated  nn  valley  basins  thrauffh  normal  surface  erosion 
in  thf  clastic  rocks  of  tlic  Chi'stor  .sfries.  As  the  main  st roams  were  en- 
trenched throuKh  downward  ero:£ion  the  tributary  valleys  were  also  cut  down, 
bnt  less  rapidly  than  the  main  streams.  When  the  tributary  streams  reached 
the  Mitchell  limestone,  the  main  streams  wore  already  entrenched  well  within 
it,  and  the  tributary  streams  were  somewhat  perched  in  a  valley  with  a  lime- 
stone floor.  Subterranean  drainage  Rrndually  developed  in  the  tributary  val- 
leys,  especially  some  distanos  from  the  mouth.  In  many  cases  the  watan 
which  enter  the  subterranean  channels  in  the  middle  and  upper  portions  of 
the  streumless  valley,  enter  the  surface  stream  in  its  lower  course.  But  more 
frequently  the  waters  have  been  diverted  throngh  subterranean  ehannds  di- 
rectly  to  the  main  stream,  pn^  in;^  bt 'icath  the  divide  between  the  main  stream 
and  the  tributary.  Such  valleys  are  usually  east  of  the  main  stream.  Beaver 
Valley  west  of  Mitchell  in  southern  Lawrence  County  is  an  example  of  a 
.<treamless  valley  in  it^  upiier  poi  tion,  the  siiMei  r  ;wu  an  waters  of  which  in 
part  come  to  the  surface  lower  down  in  the  valley.  Fo-ssum  Valley  illustrates 
the  type  in  which  the  water  has  been  diverted  by  subterranean  piracy. 

Subterranean  dralRBge  <tf  this  sort  takes  pl:>ce  as  a  matter  of  economy  of 
distance.  The  subterranean  routes  are  always  .shorter  and  more  direct  than 
the  abandoned  surface  routes.  In  the  case  of  Possum  Valley  the  economy  of 
distance  ia  obvious.  The  subterranean  route  under  the  ('iviilin>r  ridf;c  is  vcr>' 
short  as  romparn!  to  the  old  -oi  fa-M'  ri)ufe,  St reamh valleys  of  this  sort 
may  have  one  or  more  undeinroukd  systems,  but  the  old  surface  stieam  system 
is  broken  up  into  a  large  number  of  smaller  systems.   Each  tributary  of  Oie 

former  surface  strrjun  may  brcomc  a  >iiiall  -^urfaco  system  all  tO  Itsdfi  having 
its  own  particular  swallow-hole  into  which  its  waters  enter. 

It  may  be  added  here  that  such  valleys  marie  the  beginningr  of  a  sinkhole 
plain.  As  the  now  imlf  p( mleiit  -uttacf  -treams.  formerly  tributaries  to  a 
larger  surface  stream  occupying  ti.e  valley,  remove  the  clastic  rock  from  over 
the  limestone,  the  sinkhole  plain  becomes  Inrgor,  and,  as  previously  stated 
with  reference  to  the  origin  of  the  MitelKlI  idaiii  on  the  east,  considerable 
areas  of  sinkhole  plain  on  the  growing  limestone  floor  come  into  existence. 

The  topographic  sketch,  Fig.  42,  ha.s  been  prepared  especially  to  show  the 
conditions  attending  the  development  of  a  subterranean  ^.h  (  If,  wherein  a  great 
meander  loop  is  beinK  ahand(;iu<l  on  iicroiint  of  the  development  of  a  sub- 
surface loute  across  the  neck  of  the  meander.  The  waters  of  Indian  Creek  in 
normal  and  low  water  condition  disappear  at  the  foot  of  the  steep  bluff  form- 
ing  the  north  side  of  "Boggers  I'uint"  spur.  The  wate  i  s  reappear  one-fourth 
mile  south  in  a  scries  of  springs  at  the  side  of  the  stream  where  the  channel 
returns  from  its  complex  meander  loop.  Here  again  is  illustrated  the  economy 
of  distance  in  subterranean  rlrainatre  r'evelopnient.  Tlu'  subterranean  route 
beneath  the  ridge  across  the  meander  neck  is  approximately  one-fouith  mile 
in  length,  while  the  surface  route  around  the  meander  loop  is  more  than  8 
mile.<«.  The  fall  is  approximately  20  feet,  and  is  sufTicient  to  «ive  rise  to  con- 
siderable mechanical  erosion  along  the  -ubterranean  route.  Such  erosion,  how- 
ever, is  greatly  le.sse>n<Kl  ovinp  to  the  lack  of  ce.nct  iitj  ation  in  the  subterranean 
route,  since  it  appear-  that  the  louti  i-  ;i  .iiilu  c  one.  The  waters  disappear 
chiefly  in  one  pot)!,  thoujrh  other  |> -ols  1  i  low  Imw  some  indications  of  water 
loss.  The  waters  re-enttr  the  channel  as  broad  .-t reams  through  the  talus 
at  the  foot  of  the  meander  bluff,  though  holes  in  the  solid  rock  are  aim  via- 
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ibie.  The  debouohintir  watois  t-onir  out  ;il<  uiir  ilu-  stream  pructicuUy  at  stream 
level,  throUKh  a  distance  <»f  HKi  yind^  or  moio.  There  is  nothinff  spectacalar 
about  tithcr  the-  ">ink"  or  "rise."  In  hii;h  water  the  surplutt  paKi<e8  through 
the  channel  around  the  meander  loop. 

One  may  speculate  on  the  probable  future  drainage  condition  here.  It 
does  not  appear  that  the  subterranean  route  is  likely  to  bi  come  cloiJKcd  and 
shut  off.  The  St.  Loui.s  limestone  is  so  prone  to  develop  subterranean  pusi»age8 
that  if  for  some  reason,  either  thronirh  debri:;  carried  in  or  throoffh  fallen  nek, 
the  route  >houM  heoonu'  obst  ructt  d,  :i  lu  w  swbti  : ;  lu  an  route  would  develop. 
Witness  for  example  the  8-mile  journty  of  Lo.st  iiiver.  It  is  possible  and  even 
probable  that  the  passageway  will  be  much  enlarged  in  the  future.  One  may 
consider  it  as  developing;  to  the  sta^^'  of  an  open  tunnel  with  the  formation 
of  a  natural  bridge.  The  rock  of  llic  iidjrr»  over  the  subterranean  route  is  at 
least  200  feet  thick  and  is  conipttent.  The  lower  loO  feet  of  it  i.s  limestone 
and  the  remainder  is  sandstone.  If  it  should  ever  reach  the  open  tunnd  stage, 
it  is  only  a  step  fuither  to  the  open  drainage  .ta^^e  throui-h  the  destruction 
of  the  natural  bridge.  Such  a  tuture  is  highly  probable,  iioth  ends  of  the 
subterranean  route  are  situated  on  the  outside  curve.  These  curves  may  be 
expected  to  continue  to  develop,  an<l  the  route  wiil  thus  become  shorter.  This 
will  only  hasten  the  development  of  the  subterranean  route  to  the  open  tunnel 
ictaire  and  eventually  to  the  final  stage,  that  of  open  surface  drainage.  VThen  it 
has  advanced  to  either  one  of  these  stagei:  the  present  circuitous  meander  may 
be  abandoned,  and  be  no  longer  considered  a  pait  of  Indian  Creek  or  Indian 
Creek  valley.  But  the  circuitous  meander  route  may  be  retained  through  the 
CWitlltued  action  of  flood  waters,  for  it  is  to  be  kept  in  mind  that  erosion  is 
chiefly  acmmplished  during  high  water  stages  in  areas  of  topographic  youth 
and  maturity. 

This  drainage  adjustment  which  is  taking  place  through  the  development 

of  an  undr,  trround  channel  arro.  s  tht-  neck  of  a  nic.!n'!<'f  lunp  is  designated  as 
a  subterranean  cut-otf.  When  once  elTccted  the  result  is  the  .same  as  in  a  sur- 
face cut-off  of  a  meander  loop,  whether  it  be  a  meandering  stream  or  a  mean- 
dering valley.  This  drainage  adjustment  does  not  come  under  stream  piracy; 
nor  should  it  be  referred  to  as  "self-capture."  The  term  "self- capture"  may 
be  inferred  to  have  a  definite  meaning,  but  is  in  itself  a  rather  hnpoesible 
term.  The  term  "subterranean  cut  off  is  expressive  of  the  condition  of  drain- 
age and  makes  direct  reference  bo  the  process;  and  is  therefore  pi-eferable. 

Physiographic  Features  in  the  Vicinity  of  Shoals,  Martin  County. 

A  topographic  map  of  several  square  m:l<  s  in  the  vicinity  of  Shoal>  and 
l>over  Hill,  Martin  County  (Fig.  4-i),  haa  been  piepaied  which  illustrates  the 
topographic  condition  of  the  western  portion  of  the  Crawford  upland  area 
where  the  Man-fifld  l  aii'l-tom'  ',-  iIk  coiil  rollin<^  rock.  As  (  Isewhcic  the  relief 
forms  are  tho.se  which  have  been  produced  through  the  dis.section  of  an  upland 
area  to  a  state  somewhat  beyond  maturity.  The  interstream  ridges  or  masses 
of  upland  are  ([uite  uneven  and  lanue  in  altitude  f r<  ni  (Ino  to  7(t()  f cet  or  more. 
In  the  region  mapped  a  number  of  the  crests  reach  700  feet,  indicating  that 
the  upland  of  this  region  before  disisectfon  must  have  been  a  plain  at  about 
this  altitude.  The  presence  of  polished  cheit  uiavels  and  geodes  at  this  level 
leads  one  to  interpret  it  as  a  broad  jjrradation  pl  iin  or  peneplain. 

Near  White  River  the  gravels  are  prt.senl  at  the  700-foot  level,  where 
they  appear  to  have  been  originally  deposited.  They  occur  as  float  on  the 
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flanks  of  the  l  id^'i  <  and  :is  l(Hltr«'(! '^i  avcl.-:  on  lower  levds  where  thoy  have  ac- 
cumuluted  during;  the  erosion  of  the  former  extensive  plain  upon  which  they 
were  deposited.  Between  Indian  Creek  and  White  River,  nortlieast  of  the 
mapped  area,  these  jii  avel^  orrur  on  the  hiff'hest  parts  of  the  l  iilixe  at  07.')  to  700 
feet.  Gravels  are  piesent  on  McBrides  BlnK  uid  on  the  divide  to  the  north 
at  elevations  sliRhtly  above  600  feet,  and  below,  occurring  down  to  the  presrat 
valley  levels.  Here  apparently  tluy  represent  re<lepo.sitcd  {rravela  or  float 
coming  from  the  original  deposit  which  is  now  quite  completely  destroyed  in 
this  vicinity.  On  the  divide  immediately  south  of  White  River,  in  sections  27 
and  28,  siNme  3  miles  west  of  Shoals,  the  gravels  are  in  place  at  700  feet,  and 
locally  occur  as  masses  nf  con^^lomerate  cemented  with  iron  oxide.  Geodes  6 
inches  or  more  in  diameter  are  conspicuous. 

These  i^ravels  are  undoubtedly  equivalent  to  the  eherty  gravds  and  geodea 
present  at  similar  elevations  farther  cast,  as  alonjr  Salt  Creek  at  Judah's  Hill. 
As  suggested  in  Chapter  IV  of  thi:>  paper,  they  are  regarded  as  having  been 
deposited  upon  the  late  Tertiary  peneplain.  The  interstream  ridges  which 
reach  approximately  700  feit  in  altitude,  and  slightly  above  in  the  vicinity  of 
Shoals,  may  be  regarded  as  the  representatives  of  the  late  Tertiary  peneplain 
lev^  Some  distance  i<outh  of  White  River  the  interstream  ridges  reach  ir> 
regular  devations  above  this  level,  probably  as  much  as  100  feet  or  more  in 
a  few  cases,  and  .such  prominences  may  be  regarded  as  unreduced  portions 
of  the  late  Tertiary  peneplain.  Probably  none  of  the  monadnock  residuals 
reach  as  hi^h  as  the  destroyed  early  Teitiary  peneplain  which  is  presumed 
to  have  formerly  been  pre.sent  in  the  region.  Eastward  from  the  .ShoaN  region 
much  of  the  ridge  .space  rises  above  the  700-foot  level.  Westward  from  Shoals 
the  surface  of  the  upland  mas.scs  descends,  and  Attle  of  the  700*foot  level  is 
preserved.  This  is  very  probably  because  the  strata  above  the  Mansfield  .sand- 
ptone  are  composed  largely  of  non-iesistnnt  shales,  and  have  been  removed  by 
the  present  erosion  cycle  below  the  level  of  the  older  cycle. 

White  River  valley  is  a  meandering;  valley  entrenched  some  2.')0  feet  below 
the  late  Tertiary  peneplain.  The  larger  tributary  streams  have  all  reached 
grade  in  their  lower  courses  and  flow  in  flat  valleys.  The  minor  valleys  or 
ravines  arc  quite  sharp,  and  descend  from  the  irregular  ridge*cre8t8  as  steeply 
inclined  V-sbaped  trenches  in  which  bed-rock  is  prominent.  A  general  rough- 
ness prevailt  throughout  the  region,  and  the  angularity  of  the  erosion  forms  is 
quite  typical  of  a  well  dissected  upland  composed  of  resistant  sandstones  which 
respond  readily  enouj^h  to  stream  erosion. 

The  tiat  valley.s  present  a  g'eat  topo;;raphic  contrast  to  their  rock-bound 
sides  where  vertical  bluff's  of  mauusivc  sandstone  are  common.  White  River 
has  a  narrow  enough  valley,  but  the  valleys  of  the  tributaries  are  rather  broad 
for  the  size  of  the  8tream.s.  The  lower  part  of  the  valley  of  Indian  Creek,  and 
the  valleys  of  Flat  and  Beach  Creeks  are  exceedingly  flat,  and  possess  all  the 
character!. sties  of  aggraded  valleys.  Their  KTadients  are  very  low,  the  val- 
ley flats  meet  the  rocky  valley  sides  with  their  steep  ascents  abruptly,  and  the 
ehannds  of  the  streams  everywhere  have  mud  banks. 

The  topoirraphic  forms  of  the  region  are  almost  wholly  such  as  arc  de- 
pendent upon  the  massive  sandstones.  The  iMiansfield  sandstone  in  the  vicinity 
of  Shoals  is  nearly  200  feet  thick,  and  its  base  is  close  to  the  valley  level  of 
White  River.  In  the  Dover  Hill  vicinity  the  ba.xe  of  the  Mansfield  sandstone 
Is  considerably  higher  but  is  irregular  on  account  of  the  marked  unconformity 
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below  the  Mansfield,  the  nreatest  in  the  entire  state.   Locally  the  Mansfield 

MUldshnie  ia  broki-n  by  sandy  shalos  and  thin  sanflstones  quite  unlike  the 
massive,  cross-bedde<l,  Ki  itty  >andstone  which  churucteri-stically  makes  up  the 
formation.  In  the  vicinity  of  Dover  Hill  the  lower  portions  of  the  ridges  and 
the  sags  are  composed  of  the  strata  of  the  Chester  scries.  The  Glen  Dean  lime- 
stone here  reaches  a  thickness  of  4^  feet,  and  sinkholes  and  small  caves  are 
present.  Excellent  .springs  come  from  thib  horizon,  the  water  having  seeped 
into  the  limestone  from  the  overlying:  sandstone.  The  sandstones  of  the  Chester 
series  are  bluff  formers,  the  Cypres.**  sandstone  takinji  first  place  in  this  re- 
i^pect.  The  sandstone  bluffs  adjacent  to  the  valley  levels  east  of  Dover  Hill 
are  composed  of  this  sandstone.  In  section  31  along  Flat  Creek  the  Cypress 
sand.'^tono  is  responsible  for  the  beautiful  rock  benches. 

There  is  scarcely  a  ravine  or  valley  in  the  entire  area  in  which  massive 
outcrops  of  rock  are  not  present.  Bluffs  from  20  to  50  feet  are  common. 
Vertical  bluffs  100  feet  or  more  in  heii^ht  oocur.  On  the  outrides  of  the  mean- 
der curves  of  White  River  valley  the  bluffs  are  prominent  and  often  precipitous. 
A  .slope  usually  exists,  broken  by  vertical  rock- faces  of  10  to  40  feet  on  the 
steeper  slopes.  Rarely  is  the  cliff  more  than  hO  feet  hi^h.  McBrides  Bluff 
east  of  Dover  Hill  and  "The  Pinnacle"  near  Shoals  ;iie  notable  excejitions. 
Here  sheer  descents  of  lUO  feet  o;*  more  occur.  l.ocal  benches  on  .sand.stune 
ledges  are  eonunon.  Two  areas  of  considerable  extent  illustrate  such  benches. 
On  either  side  of  Beach  Creek,  in  section-  1  and  I'J  south  of  Dover  Hill,  a 
rock  bench  is  developed  on  one  of  the  lower  ledges  of  the  Manfiheld  sandatone, 
and  at  one  or  two  places  on  this  bench  sinltholes  occur,  due  to  the  presence  of 
the  underlyinp  (Jlen  Dean  limestone.  .\  second  and  more  prominent  sandstone 
bench  occurs  on  the  Cypress  sandstone  along  Flat  Creek  in  section  31  north- 
east of  Dover  Hill.  This  bench  resembles  a  gradation  plain  in  an  excellent 
state  of  preservation,  and  the  presence  of  lod^M  d  Tertiary  gravds  from  the 
upper  levels  lends  color  to  such  an  erroneous  intei  prctation. 

Local  toponraphic  phenomena  in  the  vicinity  of  Shoals  have  attracted  con- 
siderable attention.  Amon(;r  the  most  notable  are  "The  Pinnacle,"  "Jug  Rockp" 
and  "House  Ilork."  "The  Pinnacle"  is  ji  jnoniinent  -pur  which  maintains  an 
elevation  of  020  feet  to  the  very  margin  of  White  liiver.  The  upper  edge  of 
this  eastward-facing  spur  riaeit  180  feet  above  low  water  of  White  River. 
From  it  one  may  ^;:iiti  mapnitict  nt  vi«.\v<  uf  White  Rivoi-  valley  ami  the  distant 
ragged  uplands.  Great  angular  block.s  of  sandstone  have  tumbled  down  to  tiie 
foot  of  the  bluff,  leaving  great  scars  and  joint-faces  on  the  perpendicular  wall 
above. 

"Jug  liock"  is  a  denudatUmal  remnant  of  Mansfield  sandstone  in  close 
proximity  to  the  rock  mass  from  which  It  has  become  isolated  through  the 
removal  of  the  sandstone  immediately  surrounding  it.   It  is  an  upright,  roughly 

cylindrical  mass  of  sandstone  risinn  Ifl  or  .SO  feet  above  its  uneven  base.  (See 
FiK-  44.)  it  is  from  G  to  12  feet  in  diameter,  beinj;  somewhat  larger  in  the 
middle  than  towards  either  the  ba.se  or  top,  and  is  called  "Jug  Rock"  because 
of  it-  raiun'il  r« inhlance  to  an  ril<i  fashioned  tall  .iu<r.  It  is  capped  by  a 
large  piece  of  tlattened  sundstune  of  triangular  outline,  which  seems  to  be 
precariously  balanced  on  a  rather  i>mall  base.   "Jug  Rock"  is  situated  on  the 

side  of  a  stecji  hill  or  hhuT.  A  ,-ttiall  ravine  descends  to  the  northward  im- 
mediately on  the  west  side  of  it.  Originally  what  later  became  "Jug  Rock" 
was  no  more  than  an  angular  block  of  sandstone  with  a  northern  and  western 
face.   Through  the  presence  of  joints  reaching  downward  into  the  massive 
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sandstone,  the  nnfrular  mass  of  s.miht  inc  at  the  cdj?c  of  the  bluff  and  the 
ravine  became  separalftl  from  the  main  muss,  as  erosion  and  wealherinjc  pro- 
ceeded alonfr  the  joint  planes.    In  its  early  history  as  an  isolated  mass  of 


Kik'.  M.  Viow  i>f  "Jim  Rt>ck"  ni-nr  .Sh<«l».  Mnrtin  OuilUy.  li»  »«Ti  fnun  the  univr  or 
Hiiuth  Midi'.  "Juic  Kork"  i.«  n  ^iiirII,  but  MitG^-taculHr  crr>!4ionul  rrmnnnl  rarvi'd  from  the  maiinivc 
Manslii-kl  iinncMono  by  niitunti  u>;i'nrii'x. 

sandstone,  it  probably  little  re.semhlcd  its  present  shape.  Attacked  from  all 
sides  its  size  diminished,  ami  it  took  on  a  roughly  cylindrical  shape.  It  dimin- 
ished little  in  height  on  account  of  the  resistant  layer  of  sandstone  which  forma 
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its  cap.  "JuK  Rock"  stands  much  hi^htr  a.«  scon  from  the  si(ie  of  the  ravine, 
because  the  ravine  has  been  deepened  moix-  rapidly  than  the  material  on  the 
up-hill  side  has  been  removed. 

"Housr  Rock,"  across  the  valley  from  "The  Piiinacli'"  and  "Ju^r  Rock,"  is 
simply  a  grotto  in  the  perpendicular  sandstone  blulf,  where  the  two  sets  of 
joints  commonly  present  in  the  massive  sandstoneit  have  been  opened  widely, 
but  in  such  a  manner  that  a  tilting  of  the  outer  ma-sive  blocks  of  sandstone 
has  occurred,  nearly  closing  the  joint  openings  at  the  top.  This  condition  has 
been  brought  about  through  the  creep  of  the  :-.andstone  blocks  away  from  the 
main  mass,  chiefly  on  account  of  the  undermininj;  of  the  sandstone  by  solution 
of  the  underlying  Golcunda  limestone.  (The  Mansfield  sandstone  here  restff 
on  and  in  the  (lolconda  limestone  of  the  Chester  series.) 

Another  feature  of  physiographic  interest  illustrated  in  the  Shoals  region 
is5  the  presence  of  isolated  bed-rock  ma.sse.s  within  abandoned  intrenched  mean- 
der loops  of  the  main  valleys.  One  of  these  occurs  in  sections  i;i  and  18, 
about  2  miles  north  of  Shoals.  Here  a  rou^h,  angular  sandstone  hill  ri:»es 
175  feet  above  White  River.  The  side  facing  the  river  is  steep  and  in  places 
quite  perpendicular,  forming  a  prominent  Muff.  The  ~i<]e  facing'  the  aban- 
doned river  route  is  a  long  slope,  in  keeping  with  the  gentler  ^lope  on  the  in- 
'  side  of  intrenched  meander  loope  in  general.  Farther  up  White  River  other 
abandoned  meander  loop.s  of  the  intrenched  valley  occur,  which  are  ([uite  sim- 
ilar to  the  one  north  of  shoals.  Down  White  River  from  Shoals,  in  the  vicinity 
of  Hindostan  Falls,  occurs  a  very  unusual  meander  cut-off.  Apparently  this 
cut-off  has  been  completed  only  lecently*  for  the  stuain  has  not  had  time  to 
cut  down  the  rock  barrier  along  the  new  route  of  the  cut-off.  A  total  fall  of 
nearly  7  feet  is  attained  in  a  distance  of  less  than  one-fourth  mile.  The  old 
valley  about  the  abandoned  meander  is  much  longer  than  usual,  being  between 
r>  anf!  n  miles.  The  course  of  the  river  wa>  theicfore  shortened  over  ii  miles 
when  the  cut-off  was  completed.  The  old  valley  at  its  greatest  width  is  nearly 
a  mile  across.  A  ragiM  mass  of  upland  hills  is  surrounded  by  valley  land 
within  the  ah\  meander  loop  and  the  present  course  of  the  stream  over  the 
ungraded  bed-rock  channel. 

A  rather  unusual  cut-off  occurs  at  Shoals.  Usually  a  cut-off  is  effected 
at  the  neck  of  the  meander  loop  where  the  two  limbs  of  the  meander  come 
together.  In  the  case  at  Shoals  only  the  end  of  the  sloping  point  of  the  up- 
land has  been  detached,  and  the  prominent  meander  loop  still  remains,  though 
less  marked  than  formerly.  The  main  part  of  Shoals  is  built  on  the  point  of 
what  \va<  foimerly  the  lower  end  of  a  slopin-.^  spui-.  The  river  passes  over 
a  bed-rock  channel  in  a  somewhat  shcrtei  course  than  formerly.  The  bed-rock 
hill  which  has  been  isolated  from  the  main  spur  is  low  and  of  small  size.  Dur- 
ing high  water  when  the  flood  plain.-  ax-  oc<  upied  the  water  passes  around 
the  old  route,  which  is  continuous  with  the  present  flood  plain  of  the  river. 
The  configuration  of  the  valley  is  such  that  overflow  waters  would  naturally 
go  along  the  old  route,  and  their  pas.sage  about  it  in  conjunction  with  the  inflow 
of  Beaver  Creek  has  kept  the  route  open.  The  grade  of  the  Baltimore  and 
Ohio  Railway,  however,  connects  the  island  on  which  Shoals  is  built  with  the 
upland  during  time  of  high  water,  except  when  unusual  floods  wash  the  grade 
away."* 

>MBybM  and  MidoM.  The  Ftood  of  1»13:    Ind.  Univ.  SUmUoi  No.  IS.  1S14.  pp.  167-171. 
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Apparently  valley  iilling  during  the  I'lei.stocenc  wu^  largely  responsible 
for  the  abandonment  of  most  of  the  old  meanders.  The  Fldstoeene  waters 
which  came  in  unu-^ual  amounts  may  have  been  able  to  cause  a  union  of  the 
two  limbs  of  many  meanders  through  erosion  of  the  meander  bluffs.  But 
valley  fllUn?  has  eaused'  a  union  of  the  valley  lands  across  the  necks  of  many 
of  the  nipanrlcr  spurs,  which  at  first  probably  .stood  out  as  bod-rock  islands 
within  the  flooded  river.  In  the  adjustment  which  followed  the  glacial  period 
the  ronte  maintained  by  the  stream  was  the  short  one  across  the  meander 
ntck.  Some  -W  or  40  feet  of  the  Pleistocene  fill  deposittni  by  the  debris  laden 
waters  from  the  ice-sheets  has  since-  been  removed  and  the  stream  in  places 
is  etittinfr  in  the  bed-rock  of  the  buried  meander  neck.  Some  of  the  meander 
necks  are  still  deeply  buried  and  the  valley  i  i-  wide  as  the  old  abandoned 
route.   Such  a  condition  exists  at  Williams  above  Shoals. 

The  American  Bottoms  Region  of  Eastern  Greene  County. 

Northward  from  near  the  southern  boundary  of  Creene  County  the  greater 
IMirt  of  the  Crawford  upland  area  has  been  glaciated,  and  locally  is  consider- 
ably modified  by  accumulations  of  glacial  drift.  General  roughness  and  di- 
versity of  relief  fonns,  however,  prevail.   Local  accumulations  of  ^adal  drift 

are  prominent,  tllOttgh  bed-rock  forms  produced  through  erosion  and  weather- 
ing stand  out  in  great  relief  as  far  north  as  the  Shelb>'\'ill€  moraine  which 
marks  the  northern  limits  of  the  Crawford  upland.  The  glacial  boundary  line 
passes  mainly  northward  through  middl«>  eastern  (Irecnf  County,  and  it  is 
along  this  line  that  the  most  Intere^itinL-  ulacial  inodituations  have  occurred. 
In  middle  eastern  Ciretnc  County  where  thorough  .stream  dis.section  had  taken 
place,  considerable  drainage  modifications  were  made  through  the  advance  of 
the  Illin<.i;in  irlacier  into  the  rcirion.  Sub.sc<|innt  stream  adjustments  of  an 
unusual  nature  have  taken  place  in  this  regioti,  which  front  u  physiographic 
point  of  view  makes  it  one  of  the  most  interestingr  in  the  state.  The  refrion 
has  been  desciibed  in  detail  by  the  writrr  and  the  pbysiouvaphic  reliitinn  hip.« 
discussed  at  .some  length.'"  The  region  is  known  us  "The  American  Uottoms" 
refpon.  The  following  presentation  is  taken  in  part  directly  from  writer's 
former  publication: 

The  American  Bottoms  region  lies  adjacent  to  the  glacial- boundary  line  in 
eastern  Greene  County,  chiefly  within  the  driftless  area.  It  receives  its  name 
as  a  region  from  a  broad,  flat  lacustrine  plain  bounded  by  sandstone  hills,  which 
is  known  as  the  "American  Bottoms."  The  altitude  of  the  i-egion  varies  from 
about  625  to  900  feet,  and  immediate  reliefs  of  2S0  feet  occur.  The  reinon 
consists  chiefly  of  interstream  manses  of  di.vsrcted  upland  and  intervening  val- 
leys,  which  extend  chiefly  in  an  east  and  we.st  direction.  The  interstream 
masses  of  upland  arc  dissected  into  numerous  spurs  by  minor  streams  which 
extend  either  north  or  south  from  the  east  and  west  extending  main  ridges. 
The  interstream  ridges  iire  uneven,  with  g»ntle  eminences  anri  broad  sags. 
The  main  uplami  surface  varies  from  800  to  8H()  feet  in  altitude,  though  where 
sags  occur  the  altitude  descends  commonly  below  750  feet.  The  ravines  reach- 
ing out  from  the  main  ridges  are  very  sharp,  and  bluffs  frofjuently  occur.  The 
vall^s  of  Beech,  Clifty,  and  I'lummcrs  creeks  are  flat  and  in  places  are  rather 
broad. 

'■'  .Mali>ti.  Tlif  .\nn  iioiin  IJottimi^  Ui  ;iii>n  of  E4i>.li  iii  (JnirK-  County.  In<)i(inM  A  Type  Unit 
in  Souliiern  Indianii  Pliysloirnipliy :    In<l.  Univ.  StudUii  N«.  4«l.  1919.  pp.  1-64. 
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The  interetream  spaces  reachinjr  an  altitude  of  800  to  850  feet  have  the 

Appearance  of  u  rolling  peneplain  surtiicn,  and  have  been  intrrprotccl  by  the 
writer  as  being  reprei;entative  of  the  Highland  Rim  peneplain  level.  Such  an 
intei-pretation,  however,  is  doubtful,  as  it  may  be  seen  that  the  surface  is  nearly 
everywhere  developed  on  sfflndstones.  The  more  nKi.<>ivo  the  sand.stone,  usually 
the  hiifher  the  eminences  vpOD  the  uneven  ridges.  Towards  the  east  the  sand- 
stones forming  the  ^^urface  hdonff  to  the  Chester  sericii.  Westward  the  Mans- 
field sandstone  forms  the  surface,  acting  as  a  capping  to  the  ridge  roasses. 


Fix.  43.  jik«lch  nmp  of  ihv  Amrricnn  Bntbuiw  ix-szton  ot  MMtcin  Gremo  County.  Khowlnc 
tlw  draliWKi*  linm,  thm  iiortioii  cnvpred  by  the  lllinobiii  ie*  nheel,  •nd  th*  ohntnicttil  and  filled 
"American  RotUHns"  vnlley.  Nntf  the  iMMltlon  of  (he  postt-wlnriiil  Rorffe  of  Clifty  Creek  an  earn* 
pared  to  it!«  iti-CKUiriiil  vulli-jr.  Thr  "AnK'rlcfcn  Bnltonit"  vntlcy  ix  iicrrhitl  a|i|tmximalety  100 
feK  nhave  Ihr  valleyx  nt  rimilar  fixe  on  eithrr  Khte.  ami  |i<mvm-h<i  a  uni<iuo  Bublcrnmran  drain- 
nffie  throuiih  a  stratum  of  iimr«tone  whleh  oerun*  n««r  (hr  level  ot  the  perehed  valley. 

Rather  than  bein^  a  pfnrplain  surface,  it  is  more  likely  that  the  surface 

i>  nviuced  considcrahty  In  Imv  tlic  old  pi"t;eplain  levt  l.  No  btoad  arras  at 
t'lcvations  consistent  with  tlu-  elevation  of  the  Highland  Uim  peneplain  exist 
in  the  region. 

"The  American  Bf)tt()nH"  i-  a  locid  lii.-U'  t i  in<'  plain  lyin^r  between  two 
of  the  main  ridges  of  the  region,  and  is  perched  approximately  lOU  feet  above 
Beedi  Creek  valley  on  the  north  and  Clifty  Creek  valley  on  the  south.  The  flat 
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plain  is  :>iniply  a  pre-giuciul  vaJlcy-trench  filled  sonic  lUU  feet  with  gravel, 
sand,  and  silt,  the  surface  of  which  has  been  preserved  on  account  of  peculiar 
drainuKo  condition.s  wliit  h  havi'  come  into  existence  Anct  the  fillinjr  of  the  val- 
ley by  the  outwash  from  the  Illinoian  glacier.  The  plain  ij>  narrow  at  the 
head  of  the  valley  on  the  east  where  little  fillini;  took  place.  It  gradually  be- 
oomes  wider  as  the  valley  becomes  larger  tn  the  west.  Xowhcre  is  the  plain 
more  than  a  mile  in  width.  It  passes  up  the  trihutary  valloys  of  the  main 
valley  in  harmony  with  their  size  and  <kp»h.  (Ste  Fig.  4.">.)  The  main  plain 
where  uneroded  by  developing  post-glacial  streams  contains  several  square 
miles  in  area.  The  surfarr  of  the  pli.in  is  in  ereat  topographic  contrast  with 
its  rough  environs.  The  drainage  of  the  plain  is  chieHy  through  Bridge  Creek 
whidi  flows  over  the  surface  of  the  plain  to  its  terminus  at  a  large  hole  in 

the  side  of  the  valhy.  This  hole  in  the  valley  ^^ifle  oerurs  in  the  massive  Cy- 
press sandstone,  and  is  a  rather  spectacular  opening,  dilTering  greatly  from  the 
ordinary  swallow-hole.  Smaller  independent  streams  west  of  Bridge  Creek 
pass  over  the  plain  and  into  holes  in  the  sand.*5tonc  wall  on  the  south  side  of 
the  plain  in  a  manner  similar  to  Bridge  Creek.  The  western  portion  of  the 
perched  plain  is  considerably  eroded  and  dissected  by  surface  streams  reach- 
ing into  it  from  Clifty  and  Plummers  Creek. 

The  larger  relief  forms  of  the  American  Bottoms  refjion,  a.s  elsewhere  in 
the  Crawford  upland  area,  are  the  result  of  unequal  dissection.  Individual 
forms  are  dependent  largely  upon  the  more  resistant  strata  which  have  been 
different ially  cut  by  stream  erosioii.  The  -hales  of  the  refiion  have  given  rise 
to  gentle  slopes,  and  where  they  occur  between  resistant  sandstone  horizons 
have  indirectly  given  rise  to  benches.  The  Beedi  Creek  limestone  and  the 
Cypress  sandstone  of  the  Clu  -lcr  -eiies  ami  the  Mnn-fiel'i  <anrlstone.  uncon- 
formably  lying  upon  the  Chester  sciies,  are  of  chief  importance  in  giving  rise 
to  the  positive  forms  of  the  region.  The  strata  below  the  Beech  Creek  lime- 
stone are  of  importance  locally  in  the  eastern  part  of  the  region.  Alonjj  the 
deeply  cut  valleys  the  lower  strata  give  rise  to  few  positive  forms,  but  rather 
form  the  lower  valley  slopes  adjacent  to  the  valley  flats. 

The  Hcech  Ci  eek  limestone  is  nowhere  more  than  30  feet  thick,  and  over 
most  of  the  region  is  not  more  than  15  feet  thick.  The  Beech  Creek  limestone 
outcrops  along  Beech  Creek  and  its  tributaries  high  above  the  valley  floor  and 
along  Clifty  Creek  to  its  junction  with  Pluinni.  i-^  Cieek  valley.  In  the  latter 
case  it  comes  down  to  the  valley  level,  and  in  places  is  hidden  by  the  valley 
alluvium.  It  outcrops  only  in  the  ea^^tcmmnst  ravines  of  Bridge  Creek,  and 
is  below  the  level  of  the  flat  "American  Bottoms"  valley. 

The  Beech  Creek  liniestmn-  i-  of  urcat  im|i(Hiance  from  hoth  the  topo- 
graphic and  physiographic  standpoints.  Along  its  outcrop  it  frequently  stands 
out  as  a  wall-like  bench,  partly  on  account  of  the  shale  which  characteristically 
underlies  it.  and  partly  because  of  its  recession  i  )i  on  wr  atherinfi.  Its 

highly  jointed  condition  allows  it  to  collect  waters  from  the  overlying  sand- 
stone into  concentrated  streams,  the  outflow  of  which  in  steep-headed  ravines 
and  porijes  makes  it  perhaps  the  most  extensive  and  j)ersistetn  .spring-bearing 
horizon  in  the  entire  state.  It  possesses  this  character  because  of  its  relation 
to  the  massive  overlying  sandstone  which  has  a  high  porosity.  These  springs 
often  yield  a  considerable  volume  of  water,  and  the  characteristic  steep-headed 
gorges  with  their  high  walls  of  solid  rock  are  common  throughout  the  region 
of  the  outcrop  of  this  formation,  especially  where  the  limestone  is  rather  high 
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above  the  draina{i:e  level.  The  Ray's  Cave  gorge  is  typical.  As  may  be  in- 
ferred from  the  presence  of  thcsr  jror^'.es  with  such  large  volumes  of  water 
cominK  from  their  steep-walletl  heads,  the  solution  of  the  limestone  alonp  the 
joint8  has  frequently  enlarged  them  to  caves  of  considerable  size  and  length, 
eonstderine  the  limited  thidmess  of  the  formation.  Ray's  Cave,  near  Ridge- 
port,  is  a  cave  of  vrry  uniform  width  and  height,  followinc:  the  joints  strictly, 
and  turning  frequently  at  sharp  angles.  This  cave  may  be  easily  followed  for 
a  distanee  of  about  1,000  feet,  to  a  point  where  farther  progresa  is  arrested 
by  a  m:i<s  of  urtat  sandstone  blocks  fallen  fiom  above.  This  distance,  how- 
ever, must  represent  only  a  .'^mall  part  of  the  total  length  of  the  cave,  since  a 
large  volume  of  water  comes  from  un^  the  faHeii  debris. 

Just  how  important  this  limestone  is  physiographically  will  be  clear  when 
it  is  realized  that  the  peouliaf  iliainritrf  condition^  in  the  ".Amciican  Bottoms" 
basin  are  due  to  its  pre.sencc  at  critical  levels,  Bridge  Cieek  and  its  smaller 
associates  do  not  empty  their  waters  into  the  sandstone  bluff  for  any  other  rea- 
son than  that  the  Berch  Creek  limestone  is  immediately  below  it.  This  lime- 
stone is,  in  fact,  only  lU  feet  bcluw  the  point  where  the  waters  of  Bridge  Creek 
enter  the  sandstone,  though  the  limestone  itself  is  nowhere  visible  about  the 
nuiitrin  of  the  "Amoiican  Bottom  "  tint.  Had  it  not  been  for  the  pre>ence 
of  thiii  2U-odd  feet  of  limestone  at  this  particular  level,  there  could  have  been 
no  subterranean  drainage,  stueh  as  occurs,  nor  could  there  have  been  preserved 
the  unusually  broad,  filled  valley,  which,  for  the  most  put,  is  wholly  intact. 
The  physiographic  elfect  of  this  limestone  at  a  critical  level  is  seen  again  in 
the  southwest  quarter  of  section  35»,  along  Clifty  Creek,  where  the  limestone 
has  been  carried  by  the  dip  to  slightly  below  the  level  of  the  stream,  permitting 
the  local  «ievel(i])tn('nt  of  >uh!erranean  drainage  hy  the  wateis  of  Cliffy  Cretk. 
Only  the  ttooii  waters  pa.ss  around  the  great  double  meam'er  at  this  point. 
The  water  going  through  this  subterranean  passage,  or  rather  passages,  along 
the  enlarged  joints  in  the  limestone  iv  1n-t  to  view  for  a  <listanre  of  abottt 
one-fourth  of  a  mile,  and  nearly  U'O  feet  beneath  the  crest  of  the  ridge  above. 
This  underground  passageway  of  Clifty  Creek  is  in  its  initial  stage,  but  we 
can  .see  that  it  must  finally  cau^e  the  complete  abandonment  of  the  >urf.ire 
channel,  leaving  the  great  double  meander  of  a  dry  valley  sunk  deeply  into  the 
strata,  the  product  at  a  stream  which  has  cntiendMid  itself  since  the  invasion 
of  the  Illinois  Glacial  Lobe  into  the  region. 

The  Cypress  .sandstone  is  probably  the  mo.st  prominent  widt-sprcad  sand- 
stone of  the  Chester  series.  It  is  30  or  4t)  feet  thick  and  quite  ma.ssivc.  Joints 
•re  well  developed,  and  its  outcrop  on  the  hillsides  often  exhibits  great  broad 
joint-fares  an«l  r(  ctMnvndar  blocks.  The  Cypres-  sandstone  is  well  developed 
high  above  Beech  Creek  valley  along  its  middle  and  lower  course.  It  is  found 
everywhere  along  Clifty  Creek,  reaching  the  valley  level  along  the  lower  course 
of  the  creek,  and  in  conjunction  with  the  Beech  Creek  limestone  causing  char- 
acteristic bluffs  and  cliffs.  It  everywhere  marks  the  rim  of  the  "American 
Bottoms"  basin,  usually  causing  an  abrupt  rise  from  the  monotonous  valley 
flat. 

The  (Cypress  sandstone,  as  indicated  above,  is  everywhere  an  important 
topographic  and  physiographic  factor,  ranking  nt.xt  to  the  Beech  Creek  lime- 
stone in  this  respect  in  the  "American  Bottoms"  region.  It  has  a  wall-like 
appearance  along  the  streams,  whether  it  be  n<xt  to  the  valleys  or  high  up 
the  valley  slopes.    Since  it  is  ovciluin  by  shale  it  gives  rise  to  rather  sharp 
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local  benches,  often  of  considerable  brearith  where  erosion  has  removed  the 
overlyinif  material  <iown  to  its  re^i.-tant  top.  Tlioe  bi  iiches  have  been  mis- 
takenly interpreted  as  local  pmojilains  di  vciopcil  in  the  refjion  where  the  sand- 
stone is  to  be  found.  They  are  seen  prominently  above  the  abrupt  slope  pro- 
duced by  the  sandstone  where  it  rises  alwve  the  "American  Bottoms."  To  the 
west  the  benches  become  considerably  lower  on  account  of  the  dip  of  the 
strata.  Such  benches  are  conspicuously  developed  on  the  north  side  of  the 
"American  Bottoms"  in  section  28.  The  streams  of  the  "American  Bottoms" 
pass  into  cavern-like  ope^intr^  developed  in  this  >and.-.tonc,  owin^r  to  the  under- 
mining of  the  sandstone  by  the  weathering  and  solution  of  the  underlying  lime- 
stone, and  corrasion  by  the  inflowing  waters.  The  eave-like  openings  of  Hum 
stream  inlets  arc  amon;;  the  most  strilcing  phenomena  of  the  entire  region. 
On  the  rid(res  in  the  eastern  part  of  the  area,  a  number  of  broad,  fairly  ex- 
tensive saKs  are  developed  on  the  Cypress  sandstone  between  the  gentle  sum- 
mits pf  the  ridges.  Examples  of  these  are  to  be  seen  at  Cincinnati  and  Tanner. 

The  Mansfield  <andstonf  formation  locally  consists  of  sandy  shales,  but 
^rpieally  it  is  a  massive  sandstone  capping  the  higher  parts  of  the  easterly  por* 
tions  of  the  ridges  and  malcing  up  an  important  part  of  the  ridge  strata  on 
the  western  portions  of  the  lidscs.  Near  Kidjjeport  it  is  fully  50  fvvt  thick. 
Its  surface  is  uneven,  and  bold  outcrops  of  its  massive  phases  are  common 
on  the  rid^e  tops  within  the  western  portion  of  the  regkm. 

The  Illinoian  ice-sheet  pushed  in  from  the  west  and  greatly  modified  the 
thorouffhly  dis>ect»>d  upland  in  the  .American  Bottoms  retrion.  Where  the 
ice  itself  was  present  the  ravines  and  minor  valleys  were  largely  obliterated. 
Ontwash  spread  beyond  the  ice  advance  and  locally  filled  and  obstructed  val- 
leys which  were  present  .Hljacf  tit  to  the  i'-t-sheet.  Outwash  material,  composed 
of  sand  and  gravel,  is  common  along  the  glacial  boundary  within  the  driftless 
area.  Such  deposits  occur  in  the  vicinity  of  the  viaduct  of  the  Illinois  Central 
Railway  across  Richland  ('ni  V,  A  partially  preserved  outwash  slope  occurs 
east  and  south  of  Park.  It  would  seem  that  broad  sheets  of  water  must  have 
made  this  outwash  deposit  of  lee-contributed  material,  carrying  it  eastward  2 
or  more  miles.  The  sharp  ravines  and  cuts  next  to  the  glacial  margin  fre- 
quently expose  layers  of  coarse  jjravel  intcr-bedded  with  coarse  sand.  Farther 
east  the  gravel  disappears,  and  only  the  .-and,  veiy  much  cross-bedded  and 
rudely  stratified,  is  seen  in  the  sharp  ravines  and  cuts.  Much  of  the  original 
surface  of  this  outwash  fan  is  excellently  preserved  in  sections  2fi,  27,  34,  and 
85.  Its  gently  sloping  surface  shows  very  clearly  on  the  topographic  map, 
though  deeply  trenched  by  poet-glacial  erosion. 

This  outwa-h  niatci  ial  in  places  almost  romplr-tely  obliterated  the  pre- 

glaciai  topography.  A  small  monadnock-like  hill  one-luUf  mile  southeast  is 
completely  surrounded  by  stratified  sand.   It  would  appear  that  tiiis  hill  of 

Maiufleld  I  I  inne  stood  island-like  in  the  floods  which  swept  the  saitds  about 
and  beyoml  ii.  The  prc-ijlacial  valley  of  flifty  Creek  in  the  eastern  part  of 
section  8.3,  and  through  the  middle  of  .section  34  was  completely  filled,  and, 
farther  east  in  section  35,  it  was  filled  from  bluff  to  bluff  to  a  depth  of  100 
feet  or  more.  Tt  is  easily  se<'n  that  Clifty  Cieek  never  recovered  this  drain- 
age, but  sought  an  outlet  to  the  southwest  across  the  ridge  through  section  3. 
The  stream  that  came  in  from  the  pre-glaeial  "American  Bottoms"  valley  was 
likewise  fillcfl,  and,  while  its  lower  course  has  been  partially  resurrected,  much 
of  the  old  valley  is  still  a  sandy  flat  into  which  the  rain  waters  readily  sink 
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instead  of  flowintr  over  the  surface.  The  southwest  edi;e  of  the  "Ameiican 
Bottoms"  in  section  2r.  is  a  flat  surface  of  A  portion  of  this  outwash  plain. 
The  sand  of  \vhicl>  it  is  larnoly  nuule  up  is  exposed  in  the  t^outh  flowing  stream 
and  ravinc-like  tributaries  near  the  line  between  sections  26  and  27. 

Just  north  of  Park  there  is  a  broad  glacial  eoL  It  seems  that  the  water 
from  the  ice  came  from  the  \vo.-»  over  this  col  and  was  discharged  to  the 
southeast  through  section  27,  probably  finding  its  way  out  toward  Plumracrs 
Creelc  along  the  route  of  the  present  Clifty  Creelc.  Proof  of  the  eastward  dis- 
charge of  water  through  this  col  is  found  not  only  in  the  direction  of  flow  in- 
dieated  hy  the  cros^s-bedding  of  the  water-laid  material,  but  also  in  the  presence 
of  silt  terraces  due  to  the  ponded  condition  of  the  northeast  tributary  of  Ore 
Creek,  in  the  north  half  of  section  22.  Tlu  sc  silt  terraces  are  at  exactly  the 
same  elevation  us  the  l)ioa<l  ijlarial  col.  This  small  pre-fflacial  valley  leading; 
.>*outhwest  was  ponded  by  the  ice  ar.d  ^l^cial  debris  to  the  depth  of  the  water 
flowing  oat  ut  the  coL  The  srlaciai  sediment  wtiich  eddied  into  this  flooded  pre- 
i^laci;.]  vallfV  coiuhinefl  with  Ihe  indiKciiuiis  nii'.terial  carrud  into  it  by  che 
regional  streams  was  sullicient  to  fill  the  valley  with  ^iilt,  the  remains  of  which 
still  reveal  its  gladal  history.  It  is  quite  proliable  that  the  strong  discharge 
over  this  col  resulted  in  loweiing  the  head  of  the  outwash  apron  in  the  vicinity 
of  Park. 

The  outwash  material  so  effectually  filled  the  lower  part  of  the  valley 
now  occupied  by  the  "American  Bottoms"  that  the  waters  which  gathered  into 

it  have  never  transpressed  the  barrier.  The  middle  and  upper  part  of  the 
valley  became  a  lake  with  the  lowest  mai^'in  at  an  ikvation  of  67o  feet  above 
sea  level.   The  southwest  rim  wu.-i  the  broad  outwash  plain  gently  rising  to 

the  west.  This  outwash  ph'in  ahuttf^d  against  the  ahiupt  ridire  to  the  south. 
There  are  no  indications  that  the  watci'  of  the  lake  ever  overHowed  the  barrier 
at  any  point. 

The  lower  courso  nf  Clifty  Crerk,  ns  has  nlioaily  hern  rxplained  in  some 
detail,  was  also  evicted  from  its  pre-glacial  channel.  The  lake  produced  in  its 
middle  and  upper  reachep,  extended  to  within  a  short  distance  of  the  village  of 
Cincinnati,  and  the  waters  loso  to  an  elevation  of  abottt  650  feet.  At  this 
devation  the  water  evidently  found  an  outlet  across  a  sag  in  the  ridge  to  the 
south,  and  the  draining  stream  debouched,  as  it  does  today,  nearly  one  and 
one-half  miles  farther  up  I'lununrr's  Creek  than  in  pre-Illinoian  time. 

Both  Plummer's  and  Beech  creeks  were  also  dammed  by  the  ice.  These 
streams  still  di.'icharge  through  their  prc-giacial  valleys.  The  presence  of  silt 
terraces  in  the  valley  of  the  former,  some  40  feet  above  the  present  valley 
flat,  indicates  that  it  must  havt-  been  efTectively  danimer!  for  a  time,  but  that 
the  t>arrier  was  not  sufliciently  massive  to  permanently  upset  tbe  drainage. 
In  the  tower  part  of  Beech  Creek  valley  the  terraces  rise  about  50  feet  above 
the  present  valley  floor,  and  their  presence  far  up  the  valley  at  consistent 
elevation  of  600  feet  ^ows  that  the  valley  was  effectively  dammed  to  that 
height;  but  this  again  was  not  enough  to  permanently  derange  the  drainage. 

The  close  of  the  IHimrfs  glaci  d  invasion  in  the  region  of  the  "American 
Bottoni>"  foun<l  riumnieis  am!  L'eitli  nu  tis  pcrt'ed  seme  !0  to  HO  feet  deep, 
with  their  waters  rising  to  a  level  of  a  barrier  that  remaired  long  enough  to 
permit  the  lakes  to  be  filled  up  by  the  incoming  d^ris  from  the  drainage  . 
basins  above.  Clifty  Ck  .  k  valley  wa-  so  cfri  ctiially  obstructed  that  the  water 
in  the  glacial  lake  found  an  outlet  apprQ.ximutely  100  feet  above  the  valley  of 
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Plummer.s  Cicck.  The  in e-vrlaci;  !  valley  of  the  "Amciican  Botlrm  "  was  also 
blocked  to  such  a  height  that  the  waters  confined  to  its  middle  and  upper  por- 
tions never  overtopped  the  barrier.  The  surface  of  this  lake  mvst  have  had 
an  elevation  of  not  less  than  660  feet  and  not  more  than  670  feet  above  sea 
level. 

Clifty  Creek  in  its  lower  course  exhibits  some  rather  striking  features.  In 
section  S'l.  some  unusual  meanders  exist.  Here  the  vullejr  passes  in  and  out 
of  it>  fillfd  pit'-^Macial  vall<'\.  In  i-h'tt-  ti  e  vallty  is  fXi-cKlini-^ly  narrow  and 
has  sletp  rocky  :iide^,  and  in  other  places  it  is  rather  wide  and  possesses  valley 
sides  of  sand.  (See  Fiff.  45.)  Near  the  southwest  comer  of  section  35  its 
waters  disappeai  'hnin-^  noinial  and  low  water  roruiition.  The  valley  in  its 
southward  stretch  to  Plummers  Creek  is  clearly  post-glacial.  Here  it  has  steep 
rocky  sides  which  rise  abruptly  above  the  narrow  floor  of  the  valley. 

Clifty  Credc  in  its  initial  post-glacial  course  was  perhaps  everywhere 
Workinir  in  the  unconsolidated  matci  ial  of  ".ection  ■^."),  but  on  cuttinp  down  it 
came  to  the  underlying  bed-iock;  except  here  and  there.  Wherever  it  ha-s  be- 
come entrenched  in  bed-rock,  it  is  now  gorge-like.  The  wide  pre-gtaeial  val- 
ley,  flanked  with  toriactv,  comes  to  an  abri^pt  end  at  a  porpe  just  below  the 
mouth  of  Little  Clifty  Creek.  The  piesent  stream  has  no  valley  flat  here  at 
all,  but  flows  between  rock  walls  composed  of  Beech  Creek  limestone  below 
and  Cypress  sand-lonc  ahovt  .  This  noi  t'c  i-  not  a  pronounced  one,  ends  rather 
abruptly,  and  for  a  short  distance  the  valley  widens  out  to  considerable  dimen- 
sions. The  constriction  between  the  rock  walls  is  repeated  where  the  stream 
turns  north  at  the  beginning  of  the  K^eat  meander  loop  about  the  middle  of 
section  The  temporal'  increaKP  in  width  just  mentioned  is  due  to  a  small 
pre-glaciul  valley  which  emptied  not  thward  into  the  prc-glacial  valley  of  Clifty 
Creek.  The  northward  loop,  as  already  described,  has  a  wide  valley  because 
here  the  stream  worked  in  uneoii^olidati  d  outwash  matei  i:-!  which  has  filled 
the  pre-glacial  valley.  The  stieam  in  Diis  very  striking  meander  loop  enters 
into  a  roek'walled  gorge  again  Just  south  of  the  center  of  section  85.  The 

water  here  is  flowintr  with  coT  -iiln  al)l<  velocity  ovc!  a  he<i-i-(K-k  floor.  After 
swinging  around  this  northward  loop  the  stream  returns  to  within  125  yards 
of  itself;  but  the  short  distance  between  the  two  limbs  of  the  meander  is 
separated  by  a  hi^^h  sanrlstone  ridge.  In  making  the  broad  southward  loop 
the  stream  encounters  a  small  fairly  broad  pre-glaciul  valley  trending  north- 
ward, and  follows  the  latter  to  the  northwaid.  On  rounding  this  meander  the 
Stream  huK--    >ttep  diff  of  Cypress  sandstone.    'Ibis  turn  to  the  northward  is 

due  not  only  to  the  presence  of  the  pre-ulaci  il  y.  hut  also  to  tlie  height  of 
the  ridge  to  the  west.  The  initial  .stream  flowed  noithward  until  the  height  of 
the  ridge  lessened  sufficiently  to  permit  it  to  cross.   It  did  not  come  quite  far 

enough  at  this  j)lace  to  reach  the  pre-irli<cinl  valh  y  of  Clifty  Ciei'k.  Initial 
How  to  the  northward  was  unfavorable  because  the  uutwash  surface  had  a 
southward  slope.   Clifty  Creek  followt^  a  double  meander  through  a  rock>walled 

gorge  in  the  snuthwcst  '-ornt  i  of  section  ""i.  The  iowt  r  jiart  of  this  gorge  Is 
in  the  Beech  Creek  limestone,  and  the  upper  part  in  Cypress  sandstone.  The 
gorge  here  has  walls  about  50  feet  high  and  a  much  higher  steep  a.scent  on  the 
south.  The  bed  of  the  stream  is  in  hipbly  jointed  limestone,  and  the  stream 
continues  to  run  over  or  very  clo.'^  to  bed-rock  through  the  remainder  of  its 
course  to  Plummers  Creek  valley. 

One  of  the  remarkable  conditions  to  which  this  adjustment  of  drainage  has 
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gfiven  rise  is  the  pre.-ent  tendency  of  the  stream  to  seek  a  subterranean  chan- 
nel. This  is  an  adju.stment  that  belonps  to  the  piet^ent.  (See  FiR.  46.)  Only 
the  flood  waters  of  Clifty  Creole  ro  around  the  broad  double  loop  to  the  north. 
The  regular  flow  all  pa.sses  beneath  the  ridge  along  the  enlarged  joints  of  the 
Beech  Creek  limestone,  coming  out  on  the  other  «ide  in  a  .small  cave-like  open- 
ing. Thi.s  underground  passageway  is  one-fourth  of  a  mile  in  length,  and 
the  ridge  reaches  a  height  of  nearly  I.'jO  feet  above  it.  When  the  flood  waters 
give  sufllcient  pressure,  water  comes  out  on  the  lower  side  through  numerous 
openings,  and  through  some  of  the  smaller  ones  spurts  out  fountain- like  from 
the  limestone  wall. 

The  filled  valley  leading  from  the  "American  Bottoms"  has  a  con.sequent 
drainage  developed  since  the  fill  was  made.  One  of  the  ravines  heads  at  the 
col  near  Park.    It  descends  very  steeply  into  the  outwa.>;h  sand,  and  to  the 


Fi)».  46.  VI«-«'  b1  fhf  "Kink"  nf  Clifly  t'l  t-t'ti  of  Xhv  Ann  i  ican  BoH<im)«  r»'irl«in.  fii«1«Tn 
(Irwne  County,  near  thi-  muthwi'M  cornor  nf  <r<'ii<in  ;lfi.  T.  7  N..  R.  1  W.  Clifty  Crwk  is 
aeckinir  a  ^ubtciram-Mn  r<mic  hen-  1hr<Hii:h  Ihv  Koch  ("ni'k  limi^loni*  whirh  li<»  immi'ilmli-iy 
briow  xtriitni  Icvi-I  bpnoath  the  niH^'^lvc  ry|iri->.>  xjiriii«(<itii'.  The  jiubtcrtuni-nn  watLTs  pam 
brnPBth  a  iUiniNlonr  rlilm-  ISU  f<i'l  hiifh. 

.southeast  joins  a  larger  stream  which  comes  from  the  north.  The  east  side 
of  this  larger  stream  is  forTne<l  by  the  expo.^ed  wall  of  Cypress  sandstone 
which  was  al.so  the  ea.st  side  of  the  pre-glacial  valley  leading  out  of  the  "Amer- 
ican Bottoms."  The  west  sific  of  this  valley  is  compose*!  of  santi  and  gravel 
from  which  water  continually  seep.s,  locally  making  boggy  places  at  the  foot 
of  the  steep  slope.  This  stream  cros.-es  tht  pre-glaeial  Clifty  Creek  valley  at 
right  angles  and  joins  the  present  Clifty  Creek  just  bryond  the  south  side  of 
the  old  valley.  The  stream  turns  southeast  upon  striking  the  rock  wall  of 
Cypress  sandstone  just  before  it  enters  the  present  Clifty  Crtek.  The  valley 
has  considerable  witlth  where  it  cros.^es  the  old  filled  valley.  In  the  extreme 
southeast  corner  of  section  27  the  main  re-excavating  stream  from  the  north 
in  its  downward  descent  came  upon  a  "nose"  of  the  bed-rock  ridge,  but  kept 
its  position,  and  cut  a  gorge  at  that  point  in  the  Cypress  sandstone. 
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We  have  already  scrn  that  the  "Atnrricam  Bottoms"  is  a  filleil  valley,  due 
to  the  spreadiriK  of  an  outwash  apron  which  completely  obstructed  the  lower 
part  of  the  valley.  The  middle  and  upper  part  of  this  vsilley  became  the  site 
of  a  lake  into  which  the  waters  came  from  all  sides,  brin)>:in^  in  silt  and  fill- 
ing the  valley  back  of  the  outwash  dam  to  a  height  of  approximately  650  feet 
above  sea  level.  The  conclusion  has  already  been  stated  that  the  valley  has 
never  been  overflowed  by  the  confinc<l  lake  waters.  It  wouhi  seem  that  the 
water.s  may  easily  have  filtered  through  the  .sand  deposits  into  the  ravines  to 
the  west,  in  the  lower  part  of  the  old  valley.    The.sc  ravines  now  contain 


Fin.  -17.  NfHr  vii  w  iif  riiv<-itilrl  •ir  HWiilliiw-hidi'  <.f  Hiiilw  fn'«'k.  DriiiniiKt'  from  ftl»|trtixl» 
maU'ly  6  suiinrt-  niiU!<  in  ,i\<-h  cntt'ir  ihin  uin'iiinu  in  Ihi-  ('yi>r<'N!<  !«ai»l.stiim>  on  the  Miuth  vide 
of  tho  "Amrrirnn  BuitinriK"  Imniti. 

streams  of  considerable  volume  due  to  the  constant  i^eepage  of  water  froin  the 
sand  at  the  foot  of  these  steep  slopes. 

Ashley'"*  in  his  discus.^ion  of  the  stratigraphy  of  Greene  County  has  the 
following  to  say  in  reference  to  the  Pleistocene:  ".  .  .  .  In  the  low- 
lands and  prairies  the  deposits  are  found  to  be  of  considerable  depth,  often 
over  100  feet,  the.se  places  evidently  b:ing  old  valleys  filled  Op.  Some  in- 
teresting deposits  occur  along  the  glacial  border  in  ea.stern  Greene  County. 
As  the  ice  pushed  its  way  southeast  acro.s.s  the  country  it  overran  the  lower 

""2:trd  Ann.  Rtpt.,  In«l,  (Jiwl.  Surv..  I8'.»8,  pp.  768.769. 
1«  20642 
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course  of  many  of  the  streams  flowinjc  west  into  White  River,  thus  effectively 
damming  them  up.  Small  lakes  were  thus  formed.  In  time  the.«:e  filled  up. 
Then  the  ice  retreated  and  the  streams  resumed  their  old  channels.  In  most 
cases  they  immediately  be]<an  clearing  this  lake-<leposited  material  out.  As 
this  was  in  the  upper  part  of  their  courses  where  the  current  had  some  power, 
most  of  the  streams  have  about  rid  their  channels  of  all  vt.stiRcs  of  these  de- 
posits. Along  Richland  Creek  in  Beech  Creek  Township  however,  much  ma- 
terial yet  remains  in  the  form  of  gravel  terraces  mantling  the  bluffs  of  the 
banks  of  the  streams.  In  places  the.'^c  terraces  are  over  one-<|uarter  of  a  mile 
broad.  In  the  case  of  a  branch  of  Clifty  Creek  in  the  southeastern  part  of 
Center  Township,  instead  of  clearing  out  the  deposit  laid  down  in  the  ice- 
bound lake,  the  water  finds  its  way  down  through  the  mu.ss  at  several  places 
and  flows  away  underground  to  appear  in  the  old  channel  further  down.  In 


KIk.  4K.  Vu*w  »r  ihi-  rnvt-inUt  «i  T^wnlluw-lio)!-  <iiit'-r<>iiitK  ini\f  Wi-i  int»  which  ihc  wnlpr* 
of  Briditv  ('I'lwk  rnlfr.     hriiiniiui-  vvnti'is  fnim  ii|>|M'i<\iiiitil'-ly   I. Hit  idti  s  ,-iilir  thi.i  ii|n-riinK. 


this  case  it  would  appear  (juite  po.ssible  that  the  water  found  a  passage  under 
the  ice  before  the  glarior  rc  trrated.  The  result  is  a  flat  filling  in  a  valley  to 
which  the  name  of  'Ameiican  Bottoms'  ha<  been  givon." 

Leverett,"'  following  SiebenthaTs  notes  ha.s  the  following  to  say  alwut  the 
"American  Bottoms":  "About  foui'  mih's  south  from  the  point  where  Rich- 
land Creek  turned  westward  into  the  glaciated  <listrict,  the  glacial  lx)undary 
comes  to  the  west  end  of  another  glacial  lake  whose  site  is  now  known  as  the 
'American  Bottom.'  It  cxtcmis  eastward  about  five  miles  from  the  glacial 
boundary  and  has  an  average  width  of  nearly  one  mile.  This  old  lake  bottom 
now  has  subterranean  drainage  through  sand  deposits  (o  a  tributary  of  Clifty 
Creek,  where  it  appears  in  the  form  of  springs.  Because  of  subterranean 
drainage  the  plain  is  pre.serve<l  in  nearly  the  condition  left  by  the  lake." 

From  the  above  it  seems  quite  evident  that  both  Siebenthal  and  Ashley 
thought  the  water  capable  of  filtering  through  the  coarse  outwash  sands  and 
enterinjir  the  headward-cuiting  :  t reams  below.    Such  is  not  the  ca.se  at  present. 
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Bridge  Creek  and  it.s  smaller  tepiicu.s,  ah  already  explained,  enter  into  open- 
ings in  the  massive  sandstone  bluffs  at  the  south  side  of  the  valley.  These 
openinpfs  in  the  -;\u<^:-rnuc  bluffs  .ri'  very  pirturf s<|U«',  and  are  in  themselves 
remarkable  phenonicnu.  (See  Kigurei;  47  and  4H.)  It  would  appear  that  the 
water  in  the  former  lake  of  the  "American  Bottoms"  filtered  through  the  wnAf 
or  rl >f  t  iifeiid  the  already  considerably  eiilar>»'cd  joints  in  the  Beech  Creek 
limestonei  which  was  well  up  the  side  of  the  prc-glacial  valley  and  under 
pressure  found  its  way  along  the  magnificent  system  of  joints.  It  would  not 
RfqMar  that  there  was  much  opportunity  for  the  discharge  of  water  through 
the  present  subterianean  passages  for  a  considerable  time  following  the  with- 
drawal of  the  ice  from  the  region.  The  water  at  present  enters  the  openings 
at  an  devation  of  620  feet,  or  slightly  lower,  and  cmerxes  as  two  or  three 
springs  in  the  sandstone  wall  at  the  present  valley  level  at  the  northeast  quar- 
ter of  section  u4,  at  an  elevation  of  oGO  feet  above  level,  and  at  a  point 
slightly  less  than  2  miles  southwest  measured  from  the  Bridge  Creek  inlet 
While  this  is  an  easy  line  of  discharv:v  nt  pir-i  nt,  it  is  difficult  to  believe  that 
it  was  a  line  of  discharge  immediately  following  the  ice  withdrawal.  The 
waters  could  have  filtered  throogh  the  sands  after  having  passed  through  the 
limestone  passages:  but  it  is  more  probable  that  they  filtered  through  the  sands 
all  along  the  western  barrier,  with  sudicient  volume  to  prevent  the  overtopping 
of  the  sand  barrier.  Certainly,  if  the  waters  traversed  the  limestone  passages 
at  all  immediately  following  the  ice  withdrawal,  they  went  through  very  slowly, 
as  the  passages  must  have  underirnn<-  most  of  their  enlaipement  subsetjuent 
to  the  ice  period.  Moreover,  the  valley  into  which  the  present  outlets;  de- 
bouched was  a  filled  valley,  and  has  imly  in  recent  times  been  excavated  to 
the  level  where  the  pn^  < nt  -pring.-  emerKe. 

The  present  "American  Bottoms"  area  consist  of  a  flat,  silty  soil,  every- 
where wet  and  well  leached  of  its  lime  content.  For  the  most  part  it  is  stOl 
the  bottom  of  tin  fciniu  i  shallow  lake,  the  lake  having  been  filled  by  the  mate- 
rial carried  in  fiom  the  surrounding  hills.  The  lake  flat  slopes  westward  at 
a  very  slight  angle  from  the  east,  to  the  two  main  openings.  The  slope  toward 
these  ojjeninvrs  from  the  west  is  somewhat  greater,  but  is  still  at  a  low  angle. 
The  latter  -lopf  is  the  surface  of  the  outwash  plain  which  consists  mostly  of 
band.  The  nio.^t  feitile  land  of  the  region  is  in  this  sandy  eastward  slope. 
The  present  stream  of  Bridge  Creek  has  a  poorly  marked  valley  some  12  feet 
below  the  irrnci  al  level  of  the  lake  flat  where  the  stream  flows  into  the  open- 
ing in  the  sandstone  bluif.  The  second  largest  opening,  a  quarter  of  a  mile  to 
the  west,  is  entered  by  a  stream  flowing  in  a  slightly  depressed  swail.  The 
two  small  openings  in  the  southern  hiilf  of  the  southea.^t  quarter  of  -ution 
26  have  independent  streams  both  of  which  arc  depressed  more  sharply  below 
the  general  level  of  the  lake  flat. 

In  the  northeast  quarter  of  section  2(:  are  several  small  sinks  which  have 
their  surface  expression  in  the  joints  of  the  massive  Cypress  sandstone.  There 
are  several  similar  sinks  in  section  24.  Some  of  these  are  of  more  than  pass- 
ing interest  on  account  of  being  on  the  "nose"  of  Cypress  sandstone  in  the 
southeast  'marter  of  (lie  -eetion.  Sj^veral  sniall  ones  lu  ic  reach  down  some  40 
feet,  through  the  whole  thickness  of  the  Cypress  sandstone  before  coming  to 
the  Beech  Creek  "limestone.  These  rinks  show  the  results  of  the  passage  of 
water  throuirh  the  joints  in  the  saml-tfif  to  the  limestone  below,  which  has 
been  partially  removed  by  solution.    These  sinks  arc,  of  course,  due  to  the 


244 


Dbpabtmbnt  of  Conservation 


Beech  Creek  below,  but  superficially  they  give  the  appearance  of  being  sinln 
in  the  sandjitone  itself,  a  thinj?  rcarcely  possible. 

It  will  be  noted  by  icfe  ence  to  the  map  (Fipf-  that  the  entrances  to 
all  the  inlets  into  the  subtciiuncan  pu.>.<ugc\vays  lie  ut>ain.-'t  the  .sandstone 
Unffs  at  the  Mrath  side  of  tlie  valley  in  a  belt  rvnnlnfc  in  a  general  south- 
westerly direction.  A  brnnd.  shallow  sitikhole  is  the  lust  of  tbo  series.  In  line 
with  this  belt  and  two  miles  to  the  .southwest  are  the  outlet.s  to  these  passage- 
ways in  the  Cypress  sandstone  bluff  on  the  east  side  of  the  partially  re- 
excavated  valley  from  the  north.  The  chief  cne  of  these  cutlets  j.^  the  middle 
one,  where  most  oi  the  normal  flow  comes  out  in  a  broad,  ill-defined  opening 
from  nnder  the  sandstone  at  the  very  level  of  the  valley  floor.  (See  Fig.  49.) 
A  much  smaUer  amount  of  water  comes  from  the  outlet  at  the  south,  near  the 
road.   The  opening  to  the  north,  nearly  one-quarter  of  a  mile  north  of  the 


Kilt.  I!>.  View  of  thr  main  outlot  of  tli*-  nubtoi  rnncnn  \viiti  i>  i«f  ftriik-i-  Crci-k  of  the 
"Anifiican  Bottomn"  iMxiri,  nrarly  2  miku  Miuthuf»l  of  wht-ri-  thi-  wiitiT*  •■nti-r  the  nublor- 
ninean  paMatrewayii.  The  water  comM  out  from  beneath  the  Cyiircas  aandstone.  Thp  Beech 
Creek  lincatonc  in  which  the  pasMKeway  oxista  i«  aome  10  feet  below  the  wrface  at  thia  point. 

road,  i.s  the  mcst  intere.stinjr.  (Fin.  '0.)  It  i  -  an  o))enin)^  some  "i'i  feet  hiph 
and  about  10  feet  in  width,  and  reaches  back  under  the  sandstone  to  the  east. 
This  opening  is  slightly  higher  than  the  openings  to  the  south,  but  perhaps 
less  than  n  feet  higher.  Tlie  flood  water-  rcnir  out  of  thi.s  opening;  with  trreat 
vdodty.  The  opening  has  a  perimeter  compo.sed  entirely  of  sandstone,  a  rather 
interesting  occurrence,  showing  that  it  must  have  been  developed  along  a  com- 
bined joint  an>!  1m  <Miii>r  plane,  and  under  |)res.sure  from  the  water  within.  It 
ii«  not  Imown  how  far  back  one  would  be  able  to  crawl  into  the  opening,  but 
it  i.s  likely  that  one  would  come  to  the  pa.<<8ageway,  or  a  series  of  passage- 
ways, aloni^  the  joints  of  the  Beech  Creek  limestone  within  a  few  yards  or  a 
few  hundred  feet  of  the  opening,  after  a  descent  of  not  more  than  10  or  12 
feet. 

As  indicated  by  the  topographic  map,  the  "American  Bottoms"  for  the 
most  part  is  a  basin,  and  furthermora  a  baisin  with  holes  in  It  through  which 
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the  water  escaipcs.  The  GT^-foot  contour  line  is  the  highest  depression  contour, 
and  encloses  approximately  1,47.'>  acres,  or  2ii/(i  square  miles.  The  area  en- 
closed by  this  contour  line  has  a  total  perimeter  of  approximately  18  miles. 
The  lake  waters  were  probably  much  nearer  the  6">0  foot  contour  line.  It  may 
he  noted  here  that  some  beautiful  beaich  linos  are  preserved  at  an  elevation  of 
about  645  feet  alon;;  the  road  leadin)^  east  from  the  church,  in  the  northwest 
portion  of  section  34.  These  pravel  beach  lines  have  no  relation  to  the  water 
level  of  the  "American  Bottoms"  lake.  No  beaches  are  preserved  in  the 
"American  Bottoms"  basin.  The  625-foot  contour  line  is  the  third  depression 
contour  in  the  basin,  but  it  is  restricted  to  small  area.s  near  where  the  streams 
enter  the  opening.  The  total  depth  ot  the  basin  from  the  lowest  point  in  the 
rims  to  the  hole  where  the  water  escapes  from  the  basin,  is  about  65  feet. 
Some  further  li^ures  reveal  interesting  features.    Bridge  Creek  drains  approx- 


FIk.  50.  Vifw  of  ihf  flii«iil-wHl«T  outM  «if  thi-  wiitcru  from  thi>  "AmorlcJin  Boltomit"  htixin. 
Thih  otK-ninkC  hnn  iXx  pcrimetrr  entirely  in  the  Cyitre.-iii  M«ndritnne.  It  in  nbout  onociirhlh  mile 
north  of  Ih*-  fhlof  nullft  ami  it  M>m<.-  'i  oi  5  ftvt  hlKhcr, 


imately  3,1)00  acres  or  about  G  s4|ua!c  miles.  The  water  enters  the  larjrest 
inlet  cave  near  the  northwest  corner  of  .-section  25.  Sink-inlet  number  2,  !4ome 
one-fourth  mile  to  the  west,  receives  the  drainage  water.-*  from  approximately 
1,100  acres.  Sink-inlet  numht  r  3,  or  ihe  en.st  one  in  the  southeast  portion  of 
the  southeast  quarter  of  section  26,  receives  the  drainage  waters  from  about 
170  acres.  The  smallest  sink-irdtt,  number  4,  just  to  the  west  of  number  3, 
receives  the  drainage  wateis  from  about  60  acres.  The  sink  south  of  the  road 
in  the  southern  half  of  section  2G  i(voi\os  the  drainage  waters  from  approx- 
imately 60  acres.  Thus,  a  total  of  approximately  5,200  acres  or  8  .sijuare  miles 
drains  into  the  holes  in  the  ".American  Bottoms," 

It  may  be  note<l  that  the  ravines  which  jire  rc-excavating  the  pre-glacial 
valley  to  the  west  an«l  southwest  of  the  old  lake  basin  are  taking  away  the 
material  at  a  very  rapid  rate.  The  ravine  in  the  southwest  portion  of  the 
northwest  ([uarter  of  section  26  is  a  great  gully  or  series  of  gullies,  near  its 
abrupt  head,  eating  directly  back  up  the  line  of  the  pre-glacial  valley.  It 
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would  uppeur  that  thin  ravine,  which  at  present  i.s  m  rapidly  reaching  into 
the  outwash  sand  by  headward  erosion,  may  in  time  tap  the  streams  leadinK 

into  the  subterranean  openiiins.  and  thus  divert  the  draina^re  approximately 
through  the  old  channel  tu  the  present  Clifty  Creek.  While  this  is  a  sug- 
Srestive  posidbility,  it  will  probably  never  happen.  The  present  streams  of 
the  basin  at  their  -ubternuieari  inl<  ts  are  approximately  at  an  elevation  of 
620  feet,  while  the  ekvation  of  the  ravine  where  it  cros^ies  the  road  consid- 
erably more  than  a  mile  to  the  southwest,  is  only  20  feet  lower.  This  differ- 
ence is  not  enough  to  >.'ive  tlie  advuntnge  neccj'Miry  for  piiacy,  since  the  small 
stream  would  prohalily  re  juire  much  mru-  thv.n  20  feet  fal!  in  tlie  di.-tance  it 
would  have  to  go.  It  would  appear  thai,  the  subtei  raneiin  passages  must  per- 
sist unless  they  should  become  thoronfrhty  chokeiS,  which  iii  unlikely. 

When  the  inlet-sinks  f)f  Ihi'  "Anici  i'  ati  I'dttrun  "  in  wi  ic  first  exam- 
ined it  was  thought  that  the  iieech  CreeK  limestone  wouid  certainly  be  visible, 
and  the  fact  that  nowhere  is  there  the  least  vestige  of  it  exposed  at  the  sur- 
face at  any  of  the  opening's  jjave  cause  for  considerable  surprise.  These 
openings  can  be  entered  for  only  a  short  di.>tance.  It  wa.s  found  however,  that 
the  water  has  to  p8?s  over  togs,  sticks  and  other  trash  that  has  been  lodged 
in  the  openings  near  the  entrances,  and  it  was  found  further  that  the  water 
descends  through  the  tiash  very  sharply,  and  probably  within  a  short  distance 
from  the  entrance  reaches  the  Beech  Crtek  limestone. 

Just  why  the  water  that  enters  the  opening  has  not  cut  down  to  the  lerd 
of  the  linustone  passaiT'wa)  -  i<  not  tdloj.'!  tlici  dear.  Only  two  sujrtrestions 
adequate  to  explain  this  condition  occur  to  the  writer  from  observations  ma<le 
in  the  field.  At  the  openings  much  foreign  material  is  carried  In  which  con- 
tinually keeps  the  throat  of  the  sink  in  a  cloeired  condition.  Thus  the  water 
is  passing  over  the  logs,  trash  and  other  material  densely  packed  with  .silt 
at  the  entrance  and  has  no  opportunity  to  cut  down  the  opening  to  the  level  of 
the  linustone  passajrewuys  below.  Th.'  second  suu^restion  arises  from  the 
nature  of  the  top  of  the  limestone  a."^  compared  with  its  deeper  portions.  The 
upper  few  feet  of  the  Beech  Creek  limestone  in  the  "American  Bottoms"  region, 
it  will  be  recalled,  consist  of  coarse  yellow  limestone,  containing  considerable 
sand  and  clay.  This  upper  portion  Hccms  to  di■i^olve  much  more  readily 
because  of  the.se  properties.  It  may  be  noted  that  the  subterranean  drainage 
which  is  developed  along  Clifty  Cieek  does  not  begin  until  the  top  of  the  lime- 
stone is  entirely  below  the  I(>vel  of  the  stream.  The  water  on  the  lowci  side 
comes  out  about  the  middle  of  the  formation.  Everywhere  that  the  yellow 
upper  edges  are  present,  the  solution  joints  are  much  larger  than  in  the  purer 
limestone  1h  low.  So  far  as  Clifty  <'!<  i  !  i~  ((incci  ne<l,  the  yellow  iiiip<  r  jmrtion 
is  much  more  favorable  for  the  development  of  subterranean  drainage  than 
the  lower  portion.  Certainly  if  the  middle  and  lower  portion.**  were  as  favor- 
able, there  should  be  considerable  subtt  rranean  drainage  beneath  the  high 
narrow  ridge  in  the  constriction  southeast  of  the  center  of  section  ;>r),  where 
the  water  at  present  strikes  directly  against  the  limestone.  The  yellow  upper 
portion  is  apparently  not  pr     nt  at  this  place. 

The  ".\nHM  ican  IJottoms"  b.i^in  is  one  of  the  v<  i  y  nnn-ual  pliy-i<ii;raphic 
phenomena  of  .southf  rn  Indiana,  and  peiluijis  has  no  jjarailel  anywhere  in  the 
Mississippi  Valley.  It  presents  a  series  of  .•tpecial  conditions  all  of  which  are 
spcK-ially  adjusted.  The  jiosition  of  the  "American  Bottom-"  as  a  filled  valley 
in  front  of  the  Illinois  Glacial  Lobe  is  not  uncommon,  but  the  case  becomes 
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spacial  when  oiu   iccalls  that  the  valley  wax  filled  hy  a  particular  outwash 
apron  from  the  ice-sheet  to  the  west.    Valleysi  with  the  same  combination  of 
strata  are  common  enoaffh  in  the  Chester  series  of  southern  Indiana,  and  sev- 
eral of  thom  are  filled  vallr-ys;  but  no  other  has  the  filling  at  just  the  critical 
height  with  respect  to  the  Beech  Creek  limestone,  to  favor  the  development 
of  subterranean  drainage.    The  fart  that  the  impounded  water  which  was 
raised  to  this  critical  level  has  a  porous  harrier  which  did  not  permit  it  to 
overflow,  hut  ratln  r  cnivui rnt'cd  it  to  fil((  r  lhrou^;h  in  -uHioicnt  quantity  to  take 
cure  of  the  iiitluw.  thu.-^  uliuwing  time  for  the  development  of  subterranean 
pasMgvways  with  favorable  outlets,  is  another  very  special  faetor  entering 
into  the  problem.    For,  had  this  basin  been  able  to  nvt  rflow  at  the  lower  side, 
it  is  quite  probable  that  the  surface  drainage  would  have  per&iisted,  and  the 
"American  Bottoms"  basin  would  not  have  been  preserved.   Thus,  the  "Amei^ 
ican  Bottoms"  basin  is  an  unusual  physiojrraphic  feature,  because  of  the  excep- 
tional set  of  conditions  critically  adjusted  to  one  another.   Only  by  under- 
standing these  conditions  can  we  appreciate  how  and  why  the  "American  Bot- 
toms" has  been  preserved  as  a  youthful  area  topographically,  which  must  re- 
miiin  for  a  ioni'  time  ;i1niost  exactly  US  it  IS  today,  standing  scores  of  feet 
above  the  ncit^hboimy  valleys. 

Some  Features  of  Development  in  the  fFoAoaA  Lotctand. 

The  Wabash  lowland  area  has  been  described  in  Chapter  III  as  a  region 

of  relatively  low  relief  in  which  occur  great  arca^^  of  a^^raded  valley  land. 
The  topographic  condition  of  more  ihnn  halt  of  the  Wabash  lowland  as  it 
exists  in  southwestern  Indiana  is  shown  in  detail  on  the  topographic  sheets 
of  the  U.  S.  Geoloi;ical  Survey.  The  area  south  of  White  River  is  almost 
entirely  mapped.  Noith  of  White  IJiver  the  Vinctnne^  and  Clay  City  to- 
pographic sheets  clearly  depict  the  rcK'O'^nl  forms  present  within  their  limits. 
Since  the  topographic  sheets  are  readily  available,  detailed  description  of  the 
area  is  unnecr'>.-ary. 

Few  places  in  the  Wabash  lowland  area  reach  an  altitude  as  great  as  7U0 
feet  Much  of  the  interstream  upland  surface  is  below  600  feet.  Great  areas 
of  valley  land  exist  below  r.iio  f<et,  and  south  of  White  River  much  of  the 
valley  expanses  are  at  or  below  401)  feet  in  altitude.  It  is  very  probable  that 
the  average  altitude  of  the  entire  Wabash  lowland  in  Indiana  is  not  more  than 
l»26  feet. 

The  (!e\ ( lo)>ment  of  the  Wabash  lowland  to  its  present  condition  calls  into 
play  three  phy.siographic  factors.  Denudation  through  weathering  and  ero- 
sion has  always  been  a  factor.  Gtaciation  directly  gave  rise  to  many  of  the 
retrinnal  frxni-  in  the  i;ie:<ter  part  of  tin-  W;ih:i-h  Inwlruid,  and  intlirectlv  con- 
trolled many  of  the  cro.sion  foiin.s.  Vutley  tilling  or  valley  aggradation  has 
been  important  throughout  the  entire  area.  Everjrwhere  valleys  have  been 
deeply  filled,  and  nias.^e  -  of  upland  have  been  buried  as*  deposition  in  the  low- 
lands encroached  upon  the  valley  sides. 

Erosion  and  weathering  of  the  land«  above  base  level  are  the  most  impor- 
tant agencies  which  give  rise  to  land  forms*.  Erwion  in  the  Wabash  lowland 
i>  now  fmir^x  on  in  variable  deprocs.  Some  areas  are  rufrtrc'l  and  have  consid- 
erable relief.  Lro^ion  here  is  at  a  maximum.  Such  areas  are  found  largely 
towards  the  eastern  part  of  the  Wabash  lowland,  and  are  illustrated  in  south- 
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eastern  Daviej^s,  western  Jasper,  eastern  Pike,  and  parts  of  Spencer  and 
Warrick  counties.  A  youthful  condition  eharactt  ri 7.(s  much  d  the  g^ial 
area,  but  the  rrlirf  is  not  «:rcat.  In  suth  vroas  the  uplands  are  rarely  more 
than  100  feet  above  the  adjacent  Hat  vullcy  lands.  Valleys  are  frequently 
sharp,  and  the  streams  are  making  their  way  into  the  flat  or  rollinir  fflacial 
plains  with  con^iiiirahle  laiiiditN'.  Locally  in  -uch  areas  dissection  has 
progressed  to  the  stage  of  maturity.  Upland  plains  largely  uneroded  exist  in 
Knox,  Sullivan,  we«!tem  Greene,  Clay  and  Vigo  counties.  There  are  large 
areas  of  low  uplands  with  Ion;;  smooth  slopes  and  rounded  forms  between  the 
broad  valley  lands.  Local  relief  is  small.  Such  regions  are  in  the  old  age 
stage  of  the  erosion  cycle.  Ercsion  is  jjrtatly  .flowed  down,  and  few  extrava- 
gant examples  of  it  are  found.  Liirvre  areas  in  such  an  old  erosion  sta^e  exist, 
chiefly  below  r>00  feet  in  :i!titiKlo,  in  southwestern  Indiiina  south  of  White 
liiver.  Such  areas  arc  shown  in  particular  on  the  Petersburg,  Princeton,  New 
Harmony,  Uniontown,  Newburg,  and  Owensboro  topographic  sheets. 

Glaciation  has  tremendously  nioflilied  thi  topojiraphic  condition  of  the 
greater  part  of  the  Wabash  lowland.  Much  of  the  rolling  uplands  and  the  flat 
youthful  plains  of  Kn<n,  Daviess,  Sullivan,  western  Greene,  Clay  and  Vigo 
counties  owe  their  present  condition  to  glacial  con-t tuition.  Prior  to  glacia- 
tion this  re^jion  was  apparently  a  dis-oHed,  Ihouirli  low,  upland  without  flat 
areas  between  the  valleys.  The  de(K>sit  of  glaciui  till  and  outwash  built  up 
and  re-shaped  the  low  uplands,  and  gave  rise  to  a  glacial  plain  from  76  to  125 
feet  above  the  present  well  developed  valleys.  The  area  -tiuth  nf  Tlrnzil  and 
Staunton  in  Clay  County,  as  ^hown  on  the  Clay  City  topographic  .sheet,  is 
typical.  The  developing  branches  of  Otter,  Honey,  and  Birch  creeks  are  at 
work  destroy! ni;  thi<  iilacial  plain,  but  much  of  it  still  remains  as  it  was  con- 
structed by  the  lUinoian  glacier.  Similar  conditions  exist  over  large  areas 
north  of  White  River.  South  of  White  River  there  are  few  areas  of  the  orig^ 
inal  glacial  plain  of  any  considerable  size  tucause  stream  action  has  largely 
destroyed  it.  Local  remnants  of  the  glacial  plain  exist.  Kxaniples  are  shown 
on  the  Princeton  topographic  sheet  near  Hazleton  and  Owcnsville.  The  Mum- 
ford  Hills  with  their  coating  of  loes.s  shown  on  the  New  Harmony  topographic 
sheet,  and  portions  north  of  the  Patolia  River  shown  on  the  Petersburg  topo- 
graphic sheet,  are  other  examples. 

Valley  fllling,  or  valley  aggradation,  in  southwestern  Indiana  and  adjacent 
regions  has  «:i\<'n  rise  to  jrreat  expanses  of  \alley  land  at  or  near  th«?  present 
base  level  of  erosion.  The  factors  involveil  in  aggradation  of  the  valleys  have 
been  discussed  in  Chapter  IV,  and  will  not  be  repeated  here.  The  flat  valleys 
are  in  preat  contrast  to  the  erosion  forms  of  the  inter.stream  uplands.  All 
valleys  above  the  ravine  order  have  been  aggraded  or  partly  filled.  Even  small 
streams  on  entering  a  major  valley  have  extensive  valley  floors  which  join 
the  major  valley  floor  as  a  wide  extension  of  the  valley  of  the  main  stream. 
The  upland  >-))in  tii  tween  the  tuinor  -trcams  adjacent  to  the  major  valleys  are 
half  buried  in  the  accumulated  alluvium,  and  in  place.s  urc  quite  buried,  allow- 
ing the  broad  valleys  of  the  tributary  streams  to  merge  as  one  valley  expanse. 
This  has  given  rise  to  lu'd-rock  hills  in  the  midst  of  valley  alluvium.  Such 
are  common  along  the  mam  streams  throughout  the  Wabash  lowland.  Typical 
examples  of  the  topographic  effects  of  valley  aggradation  are  shown  on  the 

topo^,M•a^)hic  -ihei't-.  AIhivc  ani'  Ix  low  the  t  titr.inic  of  Sixmile  Creek,  south  of 
Bowling  Green,  and  again  in  the  region  of  Old  Hill  near  the  mouth  of  Splunge 
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Ct«ek,  as  sliown  along  Eel  River  on  the  Clay  City  topographic  sheet,  oecar 

typical  examples  north  of  Wliitf  llivcr  ilhI^tratin^r  the  ofTects  of  valley  aggra- 
dation. The  extensive  lacustrine  plains  shown  on  the  Owensboro  and  Tell  City 
sheets  are  typical  of  the  effects  of  ain^radation  along  the  Ohio  River.  Appar- 
ently the  lakt'  silt,  liars,  and  bcache-  iirc-cnt  in  this  latter  area  were  the  result 
of  ponded  waters  during  the  Wiscon.^in  Klacial  stage.  As  explained  by  Shaw"* 
the  Talley-train  along  the  Mi^sisisippi  River  valley  was  built  raffieiently  high 
to  pond  the  waters  in  the  tiilmtary  stream-;,  and  thus  Kivt-  rise  to  a  peculiar 
system  of  lakes.  Biatht-  and  bars  built  dui  intr  this  poriotl  are  quite  discern- 
ible on  the  Owensboro  topographic  sheet  south  of  the  village  of  Lake,  at  an 
elevation  of  400  feet.  A  beach  composed  chiefly  of  sand  is  shown  at  the  same 
elevation  near  the  foot  of  the  blufl*'  on  the  valley  flat  some  S  miles  West  of  Mt. 
Vernon  on  the  Uniontown  topof^raphic  sheet. 

The  Ditney^  and  Patoka*^  areas  consisting  of  about  1^76  struare  miles 
south  of  White  River  and  comprisinL"^  tlie  arra  covered  by  einht  toi>o-raphic 
sheets,  have  been  described  in  folio  form  by  the  U.  S.  Geological  Survey. 
The  dassiflcation  and  description  of  the  topo};raphic  forms  are  presented  here 
in  detail. 

As  described  in  the  Ditney  and  I'atoka  folios  the  topoprraphic  forms  exhibit 
"four  rather  distinct  types  of  tojxiBraphy:  (1^  Uuffged  uplands,  (2)  rolling 
Uplands,  (3)  upland  plains,  and  (4)  river  f^ats.  The  last  two  resulted  from 
the  accumulation  of  unconsolidated  materinl  in  relatively  recent  peolo^ic  time, 
while  the  hrst  two,  which  embrace  by  far  the  greater  part  of  the  area,  have 
resulted  from  the  action  of  stream  erodon  upon  the  hard  rocks.  The  resist* 

ance  of  these  rocks  to  ero'^ioM  has  hvin  very  nearly  the  same  throuRhout  the 
(juadrangle,  the  resulting  relief  depending,  therefore,  upon  the  relations  of 
the  surface  to  the  drainage  lines." 

In  the  Ditney  quadrangle  the  topograi)hic  tyjie  designated  as  rugged  up- 
lands "is  best  develope<l  in  the  eastern  half  of  ilie  area  especially  in  the  region 
between  Flat  Creek  on  the  north  and  the  valley  of  Pigeon  Creek  on  the  south, 
but  is  represented  in  the  western  half  of  the  area  by  a  number  of  more  or 
less  isolated  peaks  rising  a  hundred  feet  or  so  above  the  level  of  the  surround- 
ing regions.  The  hills  are  chuiactcrized  by  relatively  sharp  summits  and  the 
lidgea  by  long,  even  crests  sMnetimes  axtefiding  for  distances  of  2  to  7  miles 

with  chan^'e  of  elevation  of  only  20  to  40  a  feature  that  is  more  notice- 

able bccau.se  of  the  fact  that  the  ridges,  as  u  rule,  are  sharp  and  narrow  and 
are  duiracterized  by  steep  slopes,  which  are  cultivable  only  with  difficulty.  The 
minor  channels,  which  are  exceedimily  numerous,  are  usually  more  or  less 
V-shaped  and  arc  separated  from  one  another  by  equally  sharp  divides.  They 
exhibit  steep  descents  in  their  upper  courses. 

"The  elevation  to  which  the  higher  points  of  the  upland  rise  is  nearly  uni- 
form throughout  the  area  of  the  f|uaf?rangle,  and  appears  to  indicate  that  they 
are  but  remnants  of  an  old  surface,  almost  a  plain  in  character,  which  once 
extended  over  the  whole  of  the  Ditney  area.  Within  the  limits  of  this  are*  the 
highest  portion  of  the  upland  l«v(!  is  in  the  re^jittn  a  little  to  the  east  and 
northeiuit  of  the  center,  near  the  point  from  which  the  drainage  diverges,  and 
where  a  considerable  number  of  crests  at  elevations  of  from  600  to  640  feet 

■".Shiiw.  Niwiy  l)i-<i.i\tred  Bed*  of  Extliiri  Ijiko  in  Sottthcrn  and  Western  lUlnol*  mm! 
Adjnri'tit  StnliK:  III.  Sljil<-  Cttil.  Surv..  BulL  20,  1U16. 

Kullor  nnd  Ar'hioy.  Ditney  Folio  No.  84.  U.  S.  Gcol.  SurV.,  1S02. 
Fuller  and  Clapp.  Patoka  Folio  Mo.  lOS.  tl.  S.  GeoU  8urr»  X9M. 
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above  sea  level.  Isolated  hills  of  i^imilar  elevutiuns,  iiuwever,  are  found  at 
various  points  throughout  the  quadrangle.   Amoni;  these  may  be  mentioned 

McGrt^jror  and  otluT  hills  about  -  niilf  -  \v< and  1  mile  north  of  SonuM  villc 
(elevation,  6U0  feet) ;  Kennedy  Knob,  1  mile  northwest  of  Sonierville  ((iUU 
feet) ;  the  hill  m  miles  southeast  of  Somerville  (620  feet) ;  Snake  Knob  and 
scvei  al  other  hills  to  thi?  northeast,  north  and  northwest  of  Lynnville  (^0  to 
640  feet) ;  Big  Ditney  Hill,  :i  miles  north  and  1  'i;  miles  east  of  Mniersburg 
(660  feet) ;  and  Little  Ditney  Hill,  about  3  miles  northwest  of  the  same  village 
(600  feet)  ' 

"In  addition  to  the  hi^rli  uplmrl  level  ,ju.-.t  describtd  there  appear  to  bo 
other  remnants  in  the  shape  of  lon^,  even  crests  or  of  land  surfaces  at  lower 
level,  for  there  are  a  number  of  rather  extensive  crests  or  flats  shown  by  rock 

hills  at  an  rlrvation  of  about  TOO  fett,  while  li'lire.--  and  hills  of  intermediate 
elevations  are  common.  Though  the  evidence  is  not  conclusive,  it  seems  prob- 
able that  subsequent  to  the  formation  of  the  first  a  second  peneplain  was  de- 
veloped at  an  (l(\atioi)  of  from  100  to  ir,0  feet  below  the  former.  It  was 
probably  much  less  perfectly  develo|>ed,  however,  and  it  seems  likely  that  in 
this  refrion  it  was  generally  confined  to  the  areas  bordering  the  main  drain- 
age lines." 

The  same  type  of  rupired  upland  is  present  to  a  much  less  degree  in  the 
Patoka  <]uadrangle  to  the  west  bcjni;  l  eprisented  by  an  occasional  peak  rising 
to  an  altitude  of  600  to  640  feet.  "The  hills  on  which  the  princeton  stand- 
pipe  is  built  rise  to  610  feet,  those  on  the  PetersbiMn  road,  2  miles  north  of  the 
same  city,  to  6-15  feet,  tho.se  north  of  Maxams  Station,  southeast  of  Princeton 
to  626  feet,  and  that  northeast  of  St.  Joseph  to  605  feet." 

The  second  topo>rrai)hir  type  which  is  dcsiijnatcd  ;u  the  rollinir  uplan<1s 
is  described  as  including  upland  surfaces  of  less  relief  and  angularity.  "The 
hills  are  generally  much  smaller  than  in  the  previous  group.  Their  altitude 
seldom  exceeds  n^O  feet,  and  they  usually  exhibit  smooth,  gently  rounihd 
forms.  The  valleys  are  broad,  relatively  shallow,  and  are  characterized  by 
gently  curving  cross  sections,  by  the  low  pitch  of  their  streams,  and  by  broad, 
flat  divides.  The  rolling  uplands  are  best  developed  in  the  vicinity  of  the 
older  drainatr**  lines,  espceially  in  the  -southern  anri  western  portions  of  the 
(luadrangie,  the  time  since  the  ice  invasion  being  far  too  short  for  the  ilevelop- 
ment  of  a  rounded  topography  by  eroaion  in  regions  bordering  streams  that 
were  forced  into  new  channels  at  that  tinn  . 

"A  rolling  upland  surface  appears  to  exi>t  between  White  and  I^utoka 
rivers,  in  the  northwestern  portion  of  the  quadrangle,  but  it  is  largely  buried 
by  deposits  laid  down  <iurinii'  the  iee  invasion,  and  i-  now  lejjresented  mainly 
by  low,  rounded  hills  projecting  heie  and  there  through  the  deposits  men- 
tioned." 

In  the  Patoka  quadrannle  thr  tolling  uplands  occur  in  the  Claypole, 
Gordon,  Mumford,  Foots  I'ond,  and  other  hills  projecting  above  the  Wabash 
flats,  "although  the  flatter  portions  of  their  tops  belong  to  the  next  group  to 
be  described.  The  sand  hills  along  the  eastern  border  of  tin  Wabash  flats, 
the  i-ock  hills  southeast  of  Hazleton,  around  Owensville,  and  along  Hit;  Creek, 
and  in  the  morainal  ridges  between  Prir.ccton  and  Fort  Branch,  souUieast  of 
Owensville,  and  near  PoeeyvUIe  and  (^thiana  belong  in  the  main  to  th^  rolling 
uplands,  though  the  steeper  portions  approach  the  previous  class  in  rugged- 
ness." 
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The  third  type,  da— i<i  unil(  r  tlu  tt  ini  iiplaml  |)lains.  "consist  of  broad, 
tlat,  or  gently  undulatinK  surfucus  stunuinK  at  un  elevation  of  about  500  feet 
and  composed  of  deposits  which  accumalated  during  the  period  of  the  ice  in- 
vasion. Those  deposits  are  of  two  «listinct  type.<.  Those  of  the  first  type,  in- 
cluding: those  forming  the  hioad.  flat  uplands  in  the  vicinity  of  Flat  Creek,  in 
the  northeast  portion  of  the  (luadnin^'le,  were  laid  down  us  stratified  clays, 
sands,  and  ^raveLs  by  streams  i^suirit;  from  the  ice  sheet  into  a  broa<i  lake, 
known  as  $!:]acial  Lake  Patoka.  which  tlu  n  <  \-i>t(M|  it;  this  region.  The  deposits 
thus  laid  down  constitute  in  places  an  almost  featureless  plain,  above  which 
the  botxierinir  uplands  rise  lilte  blulfs  or  i.4lands  from  the  sea.  Deposits  of 
the  second  type,  known  as  fill,  are  composed  of  a  heteropeneous  ma.'ss  of  clay 
and  sand  with  some  pebble.s,  which  was  formed  beneath  the  ice-sheet  during 
its  occupancy  of  the  reffion.  These  arc  best  developed  alonfc  the  south  side 
of  the  White  Uiver  flats,  in  the  northwc'itei  n  i)orfion  of  the  area.  The  i)lain 
extends  southward  for  several  miles,  but  is  nu .  c  or  less  broken  by  rock  hills 
which  project  above  its  surface  and  by  .-nrcamr  which  have  eroded  deep  chan- 
nels in  its  mass." 

The  fourth  topo;rraphic  type,  dcsijrni'ted  as  rivei  flats,  constitutes  the  filled 
or  aKK>^><l*^<i  valleys  which  are  ]'rcvalcnt  throuKhout  the  Wabash  lowland  area. 
"All  of  the  I  ivers  and  large  streams  and  also  many  of  the  minor  streams,  flow 
through  broad,  flat  plains  of  silt  or  very  fine  sand,  which  are  vrcnerally  over- 
flowed each  spring.  Wells  sunk  lor  water  show  that  the  silts  are  often  of 
considerable  thickness,  varying  from  a  few  feet  in  the  minor  valleys  up  to  100 
feet  or  moie  in  >()me  of  thf  larjjer  ones.  The  rivei-  flats  ar<>  widest  in  those 
streams  which  still  occupy  their  uriginul  valleys,  and  are  narrowest  in  those 
which  were  forced  into  new  channels  during  the  ice  invasion.  The  flats  border- 
ing the  principal  .stream-  vary  but  little  in  elevation  throughout  the  quad- 
rangle, being  in  general  between  .'S8()  and  400  feet  above  sea  level.  Between 
the  elevations  of  the  flats  of  Pigeon  Creek  at  the  southern  border  of  the  quad- 
rangle (390  feet),  distant  10  miles  or  less  from  the  Ohio  and  the  elevation 
•of  the  Pntoka  flats  (  U  O  fet  t)  north  of  Oakland  City  ami  To  miles  or  more 
from  the  Ohio,  there  is  a  »liti"crencc  of  only  10  feet.  The  meanders  of  the 
stream  are  exceedingly  pronounced,  and  by  their  resistance  to  the  frse  flow 
of  the  watf  r  ^rivf  i  i -c  to  annual  overflows  which  cjver  the  adjacent  flats  to 
<icpths  of  several  ieei.  These  conditions  are  very  favorable  to  changes  in  the 
course  of  streams,  and  bayous  and  abandoned  channeb  are  common." 

In  the  description  of  the  river  flats  in  the  Patoka  area  -some  further  fea- 
tures are  mentioned.  Wells  show  a  Ailing  in  places  as  much  as  150  feet  or 
more.  "No  deep  wells  are  known  in  the  portion  of  the  Wabash  or  White  River 
flats  lying  within  the  quadrangle,  but  the  thicknes.s  of  the  deposits  is  probably 
2lM)  fret  or  mow  Id  the  ivioct^s  of  upbuiliiinK  of  this  considerable  thickness 
of  .sedinuiiis  lli  minor  hill>  have  been  entirely  obliterated,  only  the  higher 
prominences  rising  as  'islan(!s'  above  the  flats.  The  general  level  of  these  flats 
is  v<M  y  uniform,  beinjr  a  little  over  400  fei  t  above  the  sea  in  the  hijrher  por- 
tions of  the  Wabash  flats  at  the  northern  ctlt,t  of  the  quadrangle,  and  about 
the  same  in  the  White  and  Patoka  river  bottoms.  There  is,  however,  a  gentle 
slope  southward  to  the  :'7n  font  level  at  the  .-outheastcomer  of  the  «iuadraiiKlf'."' 

The  tops  of  the  highest  hills  and  the  ridges  of  the  rugged  uplands  which 
reach  600  or  650  feet  in  altitude  in  the  Ditney  and  Patoka  areas  are  thought 
by  Fuller  and  Clapp  to  represent  remnants  of  a  peneplain,  the  probable  age  of 
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which  is  early  Tcitiaiy  an<l  which  may  be  correlated  with  the  Highland  Rim. 
Gravt'ls  of  >uii])os(  ii  Tertiary  afje  are  divcribed  as  otvurrinj,'  on  the  hills  north 
of  Princeton  in  the  I'atolui  area.  None  were  found  in  the  Ditncy  area.  The 
writer  has  never  examined  these  frravels,  but  ia  inclined  to  interpret  them  as 
bclonKimr  to  tin-  chcity  nravfl>  whirh  he  has  clsrwherc  tentatively  assijjned 
to  the  late  Tertiary.  If  such  an  interpretation  should  prove  correct,  the  flat 
topped  crests  and  isolated  hills  which  reach  an  altitude  of  600  or  650  feet  in 
the  Ditney  and  Patoka  area>  would  represent  the  late  Tertiary  peneplain 
rather  than  the  earlier  or  Highland  Rim  peneplain,  as  suggested  by  Fuller  and 
Clapp. 

A  second  peneplain  of  more  local  character,  hut  well  represented  by  the 

"divide  aiul  flat  c  iot  at  an  altitude  not  far  from  500  feet"  is  thought  to  have 
been  developed  in  the  Ditney  and  Patoka  areas.  The  500-foot  level  is  promi- 
nent throughout  both  quadrangle  areas.  It  is  interesting  to  note  that  the 
placial  plain  i>  m  ar  thi-  same  elevation  where  its  surface  lias  boon  preserv-cd. 
But  in  the  unglaciated  area  the  prominences  of  the  level  topped  ridges  at  and 
near  500  feet  in  altitude  certainly  suggest  the  existence  of  an  erosive  halt 
and  the  development  of  a  local  peneplain  at  thfe  level  in  the  soft  shales  and 
loose  sandstones  of  the  Coal  Measures  strata.  The  writer  is  inclined  towards 
regarding  it  as  such,  and  to  asni^n  it  to  the  Pleistocene  perioil. 

In  the  Pitney  area  Big  and  Little  lUtney  hills  are  rather  striking;  pronii- 
nonces  and  stand  out  as  sharp  relief  features  above  the  rollinjr  plain  at  their 
bases.  Big  Ditney  Hill  reaches  an  altitude  of  G60  feet  and  the  plain  ut  its 
base  is  500  feet.  Little  Ditney  Hill  reaches  an  altitude  of  600  feet  and  the 
plain  at  its  base  i-^  1M»  f(<>t.  Thus  Hit;  Hitncy  Hill  rises  1(50  feet  above  its 
base  and  Little  Ditney  Hill  l-'iU  feet.  Are  both  of  these  hills  representatives 
of  the  old  peneplain  which  i«>  postulated  as  having  once  extended  throughout 
the  area?  The  aOO-foot  plain  at  the  baso  of  Big  Ditney  Hill  resembles  a  pene- 
plain, but  likewise  the  450- foot  plain  at  the  base  of  Little  Ditney  resembles 
a  peneplain.  Is  the  latter  spurious  and  the  other  real?  The  geological  map 
show?  that  the  two  hills  and  the  two  plains  at  their  bases  are  Keologieally 
etjuix  aleiit.  The  sli  ucture  sheet  shov.-s  tb;>t  the  Ar.itp  dip  Tn)  ffct  in  pnssing 
from  iiiK  Ditnty  Hill  to  Little  Ditney  ildl.  One  may  dctinilely  state  that 
the  two  prominences  and  the  plains  at  their  bases  are  geological  equivaloitSt 
and  are  developed  at  levels  in  accordance  with  the  dip  of  the  >tratar  but  one 
may  not  speak  so  surely  with  reference  to  their  peneplain  atlinities. 

The  Illinoian  glaeiation  produced  drastic  changes  in  the  drainage  lines 

within  the  areas  cove ktI  by  the  Diliiey  and  Patoka  folios.  These  drainage 
changes  took  place  both  within  the  area  covci-ed  by  the  ice  sheet  and  the  ad- 
joining driftless  area.  These  have  alraady  been  touched  upon  in  Chapter  IV. 
In  the  accompanying  Fig.  51,  the  present  and  pre-glacial  drainage  lines  are 
given,  and  the  extent  to  which  the  drainage  lines  were  deranged  is  depicted. 
This  map  is  taken  chiefly  from  Fig.  5  of  the  Patoka  Folio. 

Changes  were  most  profound  in  the  Patoka  River  sy.stem.  Pigeon  Creek, 
Black  Tiivfr,  aii>!  IHl':  Creek.  Associatfd  with  the  drainage  deranm-nient  were 
ponded  conditions,  ui  lakes  of  a  temporary  nature,  in  which  were  accumulated 
days,  silts,  and  sands.  These  accumulations  gave  rise  to  extensive  lacustrine 
plains.  Some  of  the  lacu -trine  plains  are  associated  with  the  maximum  ad- 
vance of  the  ice,  as  shown  on  the  glacial  map,  Plate  III,  of  this  report.  Other 
extensive  lacustrine  deposits  are  within  the  glaciated  area,  and  mark  subse- 
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fjuent  halts  and  rMwltinfc  lakes  of  the  rctreatal  staRCs  of  the  ice-sheet  These 

are  shown  in  pat  tirular  on  the  KOoIojjir  .'-hr»t  rf  thv  PatoU.-i  Folio. 

The  genesis  of  the  present  Patoko  Uiver  system  wua  outlined  in  Chapter 
IV,  and  will  not  be  repeated  here.  In  Ihe  Ditney  Folio  a  portion  of  the  de- 
posits fomied  in  )?lncial  Lake  Patoka  arc  shown,  liavinfc  foiTned  an  extensive 
lacustrine  plain  a  few  miles  cust  of  Petersburg.  The  old  lake  plain  was  de- 
veloped at  an  elevation  of  480  to  500  feet  It  is  now  partly  destroyed  by  Plat 
Creek  and  other  streams.  Thi-  viliaRes  of  Cato  and  OtweU  are  situated  upon 
typical  portions  of  this  old  lake  flat. 

"Next  to  the  Patoka  River,  i'igecn  Creek  has  suffered  the  most  important 
change  of  course.  The  branches  of  this  stream  heading  in  the  regions  now 


Fis.  St.   Map  of  prcM'nt  »ii4  pre^taetol  drainitiK  line*  in  aouUiwciteni  IndhuiB. 
(Taken  chiefly  from  the  Patoka  Kolio.  t>.  S.  GeoloKieal  Survey.! 


flrainod  by  Snake  Hun,  SanH  Cirtk,  Sniitl-  Fork.  I'Ik  Crrck,  etc.,  originally 
united  a  short  distance  west  of  the  quadrangle  and  flowed  westward  to  the 
Wabash,  but  durint^  the  Illinoian  invatiion  they  were  deflected  by  the  ice  and 
the  drift  ridges  built  up  near  its  mainin,  ard  were  forced  to  seek  a  southward 
outlet  to  the  Ohio.  This  outlet  was  found  just  east  of  Elberfeld,  the  divide 
over  which  the  waters  flowed  having  an  rlevation  of  less  than  4.35  feet,  the 
elevation  of  the  rock  rim  at  the  head  of  the  valley  of  Blue  Grass  Creek,  which 
otherwise  woiilil  have  served  as  the  outlet.  Minor  chanpros  in  clraina^ri'.  flue  to 
deposition  of  silt,  etc.,  in  the  sluggisl;  streams  or  slack  water  which  Jormerly 
existed  in  the  region,  have  been  obMrved  near  Tennyson,  in  the  southeastern 
portion  of  the  aiea,  and  northeast  of  Oakland  City.  In  the  foimer  repion 
Coles  Creek  and  Ban  en  Fork  turn  and  Iluw  for  .several  miles  parallel  with  but 
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in  the  direction  ofvposite  that  of  Little  Pigeon  Creek,  into  which  they  eventually 

flow.  In  the  latter  region  South  Fork  of  Pafoka  Rivri  has  hfcn  iltflfctf  (i  from 
its  old  channel,  which  formerly  entered  the  main  river  in  the  vicinity  of  Hurri- 
cane Creek  north  of  Oakland  City,  into  the  mueh  narrower  channel  roughly 
parallel  with  the  first,  leading  into  the  Patoka  just  (  a>t  of  Dongola." 

During  the  stanre  of  maximum  ice  advance  the  headwattr  portion  of  the 
present  Flat  Creek  east  of  Cynthiana  in  the  Patoka  area  was  obstructed,  and 
a  lacttstrine  plain  formed.  On  the  retreat  of  the  ioe  the  deposits  were  con- 
tinued alon^  this  valley  to  near  Cynthiana  where  a  morainic  mass  accumulated 
across  the  valley.  The  waters  w^ere  turned  to  the  .south  near  this  point  into 
the  present  Big  Creek.  Tha  old  lake  which  was  formerly  present  here  may 
be  called  (riacial  lake  Cynthiana  from  the  village  whidi  rests  on  the  morainal 
dam  to  the  west  of  it. 

At  the  same  stage  of  the  fornuition  of  the  larger  Lake  Cynthiana,  were 
several  other  ice  or  moraine  dammed  lakes  within  the  (glacial  boundary  line. 
A  small  one  was  formed  just  south  of  Lake  Cynthiana  along  Barr  Creek.  It 
may  he  called  Lake  St.  Wendells  from  St.  Woidells  Station,  which  is  located 
upon  it.  A  small  lake  was  also  formed  just  south  of  Hazleton,  and  its  .site  is 
still  marked  by  a  lacustrine  plain.  The  name  jrlacial  lake  HazlctoTi  is  sug- 
gested for  this  former,  temporary  lake.  South  of  Klticiiii  Lake  Hazleton  a 
"much  larger  lakelet  accumulated  between  the  ice  along  the  morainal  ridge 
that  extended  from  near  Mounts  to  the  highlands  southwest  of  Princeton  and 
the  moraine  that  was  formed  during  the  first  halt  of  the  ice  and  extended  from 
the  vicinity  of  Princeton  southward  to  beyond  Fort  Branch,  probably  damming 
the  valley  .south  of  the  latltr  villafic.  In  this  lakeW  t  \v:i>  rit  posited  a  consid- 
erable thickness  of  silts,  sands,  and  fine  gravels,  with  an  occasional  boulder  or 
erratic  geode.  They  reach  an  altitude  of  about  450  feet,  the  probably  level 
of  the  ponded  waters.  The  outlet  was  over  the  moiainal  barrier  south  of 
Fort  Branch — which  was  thereby  greatly  reducfd  — and  through  the  valley 
cast  of  Elberfeld."  The  name  glacial  Lake  McGary  is  proposed  for  this  old 
lake  from  the  villa).;e  of  McGaiy  which  is  .situated  on  the  lake  deposits.  The 
name  McGary  lacustrine  plain  may  well  apply  to  the  former  floor  of  this  old 
extinct  glacial  lake. 

On  still  farther  retreat  of  the  ice  and  an  attendant  temporary  halt,  a 
temporary  placial  lake  was  foi  mrri  ir.  the  lowlands  in  the  vicinity  of  Poa^- 
ville.  The  lacustrine  plain  formed  here  has  been  largely  destroyed  by  post- 
glacial stream  action,  in  which  the  wide  valley  of  the  upper  part  of  Black 
Creek  occurs  and  al>o  the  vailey  of  Caney  Crook  which  empties  into  Ri>?  Creek. 
The  lacustrine  plain  itself  is  but  little  above  the  level  of  the  present  valleys 
developed  in  it.  Apparently  this  Inke  did  not  endure  a  great  lenKth  of  time. 
The  name  glacial  Lake  I'frseyville  is  proposed  for  this  old  lake.  The  village 
of  Poseyvillo  is  partly  built  upon  \{<  site. 

Many  problems  of  drainage  and  drainage  routes  are  associated  with  the 
aggradation  and  broadening  of  valleys  in  the  Wabash  lowland  area.  Not  all 
of  these  are  in  the  area  south  of  White  Kiver.  Near  Switx  City  in  Greene 
County,  the  valley  of  Lattas  Creek  on  the  north  coalesces  with  that  of  White 
River  on  the  south  through  a  low  opening  in  which  the  town  is  built  Did  a 
stream  once  pass  tbrouuh  this  openini:-.  or  is  it  lather  due  to  the  joining  of 
the  valleys  through  valley  aggradation  over  a  low  place  in  the  divide?  What 
relation  does  the  low  land  to  the  south  of  Switz  City  bear  to  White  River? 
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HuiS  this  low  land  once  been  occupied  by  White  River?  The  "Goose  Fond," 
formerly  a  lake-Kke  swamp  southeast  of  Linton,  Greene  County,  probaMy  owes 

its  existence  to  three  conditions.  First,  it  i.*  a  filled  valley;  second,  White 
River  appears  to  have  migrated  miles  to  the  cast  of  its  former  route,  and  as 
a  result  the  tributary  $«trcam  has  been  unable  to  agrgrrade  its  valley  in  lianwmy 
with  the  lentrtheneti  stream  and  has  become  ponded;  and  third,  White  River 
has  been  built  hiirlnr  bocause  of  valley  train  mntorial  f lom  the  Wisconsin 
glacier,  and  the  tributary  streams  receiving  no  such  material  have  become 
flomewliat  ponded.  Eel  River  at  its  entrance  into  White  River  presents  still 
another  problem  in  Gropnc  County.  This  -tream  enters  White  River  throu^-h 
a  narrow  opening  between  the  main  upland  (Point  Commerce)  and  a  high 
bed-rock  "island"  east  of  Worthinf^n.  Why  has  it  abandoned  its  broad  val- 
ley to  the  w.  -f  of  Wortliincton?  Kviil«  ntly  it  formerly  entered  White  Rlver 
far  to  the  south  near  the  present  entrance  of  Lattas  Creek. 

The  tower  coarse  of  Eel  River  is  anomalous.  The  direction  is  normal, 
being  to  the  southwtst,  until  near  the  mouth  of  Splun^^  Creek  at  Old  Hill  in 
southwestern  Clay  County  ( sw  Clay  City  topographic  sheet).  Here  the  valley 
turns  rather  abruptly  to  the  .southei;si,  and  before  entering  White  River  at 
Worthington  turns  back  in  its  route  about  12  miles.  In  turning  back  east  it 
again  enters  the  resistant  Mansfield  sandstone,  throu^^h  which  it  had  just 
passed.  It  has  been  noted  that  in  its  normal  cour.se  to  the  southwest  above 
Old  Hill  it  is  in  direct  line  with  Busseron  Creek  which  enters  the  Wabash  River 
in  southwestern  Sullivan  County.  The  divide  between  the  twd  (reams  is  close 
to  Eel  River,  being  near  Blackhawk  about  4  miles  west  of  the  abrupt  turn  in 
the  river.  Splunge  Creek  comes  in  at  the  turn  and  is  very  broad,  and  curi- 
ously enough  has  a  valley  considerably  lower  than  the  valley  of  Eel  River. 
The  divide  at  Blackhawk  is  low  and  broad,  and  not  more  than  50  or  60  feet 
higher  than  Eel  River  valley.  The  natural  inference  is  that  for  some  reason, 
probably  related  to  glaciation.  Eel  River  has  been  turned  from  its  former 
course  into  its  unif|ue  southeast  course.  Investigation  shows,  however,  that 
it  has  probably  always  had  its  present  course.  Bed-rock  in  the  low  divide  in 
Blackhawk  vicinity  is  at  least  40  feet  htgher  than  the  valley  of  Ed  River. 
Moreover  the  broad  viilli-y  of  Eel  River  is  filled  with  i;ravel:<,  sands,  and  silts 
to  a  depth  of  100  feet  or  more.  The  tilled  condition  continues  throughout  the 
uni<ioe  southeasterly  route.  Its  course  to  the  southeast  may  be  due  to  struc- 
tural conditions.    This  awaits  investi^ration. 

The  route  of  Raccoon  Creek  in  southwestern  Parke  County  is  al.so  unusual. 
Instead  of  continuing  to  the  southwest  through  the  broad,  open  valley  coales- 
cing with  the  great  valley  of  the  W'abasli,  Raccoon  Creek  turns  abruptly  to 
the  northwest  and  passes  for  about  10  mile.-  through  a  narrow  rock-walled 
valley  and  tnters  the  Wabash  near  Montezuma  as  a  barbed  tributar>'.  Un- 
doubtedly it  once  occupied  the  broad  valley  to  the  southwest,  and  entered  the 
Wabash  River  a  short  distance  noi  th  of  Tr.  re  Haute.  Why  it  abandoned  the 
old  valley  and  took  its  present  unusual  course  is  not  clear. 

General  Character  and  Cbtsaifieation  of  Problema  of  Development  in  GUteialed 

Indiana,  ' 

The  development  of  the  Tipton  till  plain  and  the  Northern  Moraine  and 
Lake  region  of  Indiana  has  been  considered  in  a  general  way  in  connection  with 
the  description  of  the  topogrjiphie  conditions.  From  the  standpoint  of  general 
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devdopment  the  writer  has  little  to  add  in  this  chapter.  The  simplicity  of  the 

i;lacial  plain  invts  little  opportunity  for  either  description  or  detailed  explana- 
tion. A  till  plain  is  a  regional  feature  that  possesses  little  in  the  way  of 
mbnUiae.  The  intiniate  variety  of  the  moraine  offers  a  great  field  for  minute 
dascription,  but  its  development  must  be  considered  from  the  regional  and 

larf^er  point  of  view,  and  simplicity  airain  prevails. 

Drainage  conditions  attendant  upon  glaciation  offer  a  fertile  field  for  in- 
vestigation involving  hoth  description  and  explanation.   Glaeio-fluviatile  phe> 

nomena  are  larjroly  constructional.  Numerous  pi-oblems  exist  in  middle  and 
northern  Indiana  which  depend  upon  the  determination  of  the  glaeio-fluviatile 
drainage  conditions  for  their  interpretation.  The  relation.ships  of  the  present 
drainage  are  largely  dependent  upon  the  conditions  imposed  by  the  drainage 
of  jrlacial  waters.  Nearly  all  of  the  main  \ -illf  ys  as  they  exist  today  were 
routes  fashioned  by  glacial  waters,  and  lai^^^'l.v  formed  as  the  ice  retreated 
northward.  Many  small  streams  are  mislits  in  great  valleys  made  by  streams 
of  water  that  disappeared  with  the  ire-sheet  Individual  problems  may  be 
illustrated  in  such  streams  as  Cedar  Creek,  Allen  County.  It  is  not  clear  why 
this  stream  abruptly  leaves  the  broad,  southwesterly  extending  valley,  which 

it  ftJlows  for  miles  to  the  southwi  -t,  and  joins  the  valley  of  the  St.  .Joseph 
River  through  a  veritable  gorge,  it  is  not  clear  whether  this  gorge  was  made 
by  this  stream  or  by  a  glaeio-fluviatile  stream.  In  the  absence  of  topographic 
maps  one  cannot  explain  with  full  c<infide»ee  the  conrse  of  Wildcat  Creek  in 
Howard  and  Tipton  counties.  The  diainape  pattern  of  Tijipocanoe  River  is 
unusual,  but  a  full  appreciation  of  the  glacio-tluvialile  drainage  conditions  and 
the  topographic  phenomena  within  and  about  its  basin  would  probably  prove 
sufficient  for  a  .satisfactory  explanation.  Many  of  the  phenomena  of  the 
Wabash  River  have  been  presented  and  explained  through  the  detailed  studies 
of  Dryer,  yet  the  absence  of  topographic  maps  has  prevented  a  complete  pres- 
entation of  the  history  and  development  of  this  stream. 

Another  class  of  problems  relating  to  development  in  the  jc^luciatcd  por- 
tion of  Indiana  is  connected  with  the  undorlyinp  bed-rock  topography  and  pre- 
glacial  drainage.  Rarely  are  these  featurt  ^  .shown  in  the  surface  topography 
in  the  more  deeply  Hi  ift-cnvri  i  d  '  Vet  it  is  apparent  that  the  larger 
streams  have  sought  out  and  partly  uncovered  some  of  the  pre-glacial  drain- 
age lines.  Topographic  maps  in  connection  with  available  deep  well  data  would 
probably  pmve  of  ^rreat  value  in  the  interpretation  of  the  positions  of  former 
valleys.  Little  has  been  done  in  Indiana  with  respect  to  the  determination  of 
the  pre-glacial  drainage  lines,  though  certainly  much  deep  well  data  is 
avaOaUe. 

One  of  the  larger  problems  associated  with  the  development  of  the  gla- 
ciated portion  of  Indiana  is  that  in  connection  with  the  correlation  of  the 

moraines.  The  woik  nf  Leveiett  in  this  respect  probably  cannot  be  improved 
upon  until  the  publication  of  detailed  topoeraphic  maps.  Further  work  alonR 
this  line  must  follow  the  fountiations  already  laid  down  by  Leverclt,  and  con- 
sist in  detailed  refinement  of  his  work.   The  region  nortti  of  the  Wabadi  River 

as  a  whole  offers  many  problem-^  in  this  icspeet.  Some  of  these  pi  obit  ms  have 
been  di.scussed  in  Chapters  III  and  IV  of  this  tieatise.  The  tangle  of  moraines 
in  Benton,  Warren,  Fountain,  Montgomery  and  Tippecanoe  counties,  and  again 
in  Wayne  and  Randolph  counties,  calls  for  very  precise  and  detailed  worlt  in 
order  that  proper  correlations  may  be  made. 
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Introduction 


The  field  work  which  has  been  done  in  the  pi-eparation  of  thiii  paper  was 
carried  on  dnrinir  the  summers  of  1909-10>11,  and  from  September,  1915,  to 

Seiitcmlicr,  1017.  Durinj;  the  summer  of  1909  the  writer  accompanied  by  J. 
A.  Smith  made  a  survey  of  the  southern  part  of  the  state.  The  object  of  the 
investigation  was  to  determine  the  possibility  of  water  power  development. 
The  main  streams  were  traversed  by  boat  from  source  to  mouth.  During  this 
summer  the  following  stream-  were  invostifrated,  Whitewater  Uiver  from  Con- 
nersville  to  the  state  line  (no  work  wajj  done  on  the  East  Fork) ;  Blue  River 
from  MiUtown  to  the  mouth ;  East  Forlc  of  White  River  from  Cohimbus  to  the 
mouth;  Muscatatuck  River  fiom  North  Vernon  to  the  mouth;  Main  White 
liiver  from  the  junction  of  the  forks  to  the  mouth;  Eel  Kiver  from  Cataract  to 
the  mouth.  Since  this  work  was  accomplished  in  three  moatiu  it  was  not  done 
very  thoroughly  and  was  considered  only  preliminary  to  a  more  thorough  sur- 
vey to  be  carried  on  in  the  future. 

During  the  summer  of  1910  the  author  spent  one  month  in  establishing 
gages,  most  of  which  were  installed  in  the  northern  part  of  the  .state.  At 
the  end  of  that  month  gage.s  were  in  operation  at  New  Tienton  on  Whitewater, 
White  Cloud  on  the  Blue,  Shoals  and  Tannehill  Bridge  on  the  East  Fork  of 
White  River,  Washington,  Indianapolis  and  Anderson  on  the  West  Fork  of 
White  River.  Cataract  on  the  Eel  (south),  Terre  Haute  and  Loganspoi-t  on 
the  Wabash,  Peoria  on  the  Mississinewa,  Logansport  on  the  Eel  (north), 
and  South  Bend  on  the  St  Joseph. 

During  the  summer  of  1011,  the  writer  and  .J.  C.  Clark  .studied  the  rivers 
of  the  northern  part  of  the  state  in  the  same  manner  a.s  has  been  done  in 
the  south.  During  this  time  the  followinfr  streams  were  investigated,  Missis- 
sinewa from  Marion  to  the  mouth;  Sugar  Creek  from  Shades  of  Death  to  the 
mouth;  Waba-h  from  Marklc  to  the  state  line;  Kel  River  from  North  Man- 
chester to  the  mouth;  Tippecanoe  from  DeLong  to  the  mouth;  Elkhart  from 
Boiton  to  the  mouth ;  Pidgeon  River  from  Howe  to  the  mouth,  n^leeting  that 
part  which  is  in  Michi^ran;  and  St.  Joseph  River  from  state  line  to  state  line. 

While  engaged  in  this  work  only  the  problem  of  water  power  was  con- 
sidered and  the  amount  of  work  was  very  great.  For  this  reason  few  data 
concerning:  other  important  divisions  «f  Hydrology  were  collected,  except  as 
the  data  taken  in  the  work  on  water  power  shed  light  upon  them.  The  results  , 
of  the  work  of  these  three  summers  are  published  in  the  35th  and  86th  Annual 
Reports  of  the  Indiana  Department  of  Geology  and  Natural  Re.sources.  Moch 
of  the  material  in  the  present  report  will  be  drawn  from  these  sources. 

In  the  summer  of  1915,  the  writer  returned  to  Indiana  University  to  iin- 
iflh  the  work  for  the  Ph.D.  degree,  and  decided  to  expand  the  former  work  on 
water  power  and  consider  the  entire  subject  of  Hydrology  as  a  thesis  for  this 
degree.  The  school  work  was  arranged  so  that  con.sidcrable  time  could  be 
"Spent  in  the  field.  The  river  gages  whidi  had  been  destroyed  in  the  flood  of 
191.'?  were  again  put  into  operation.  Many  discharfi  measurements  were 
taken  and  the  rating  tables  revised.  After  the  Commencement  of  l*Jlti  the 
writer  was  given  a  graduate  research  fdlowship  by  Indiana  Universi^  and 
granted  the  privilege  of  working  a  full  year  on  the  thesis  before  its  publica- 
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tion.  The  year's  work  was  carried  on  from  camps  and  had  to  do  with  the 
smaller  streams  of  the  state,  which  had  not  been  investigated  during  pre> 

vious  year?.* 

I>uring  the  progress  of  this  work  many  pei.^ons  assisted  by  suggestion!!, 
criticism,  actual  woric,  defraying  expenses  and  in  numerous  other  ways.  Those 
who  have  assisted  most  arc  Professors  E.  R.  Cumin^rp,  J.  \V.  Becde  and  W. 
N.  Logan,  State  Geologist,  of  the  Department  of  Geology  of  Indiana  Uni- 
ventitr,  Mr.  W.  S.  Btatehley  and  Mr.  Edward  Barrett,  former  State  Geologists, 

Mr.  Robert  Reeves.  Mr.  .1.  A,  Smith,  Mr.  .1.  C.  Claik,  Mr.  U.  T.  Cooko  and  the 
gage  i-eaders  who  will  be  mentioned  in  connection  with  the  various  gages 
To  these  persons  the  writer  widies  to  express  eaiieeial  gratitude. 

•Thto  ■MNMHarlvt  hM  aat  bem  nmtarMlj  rtviMd  alnee  Iti  compleUaa  to  t»l7. 
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Hydrology  is  that  branch  of  Geology  which  treats  of  water  in  all  its 

mechanical  relations  to  the  rarth.  It  is  vcy  closely  rfhitcH  to  Physiojrraphy 
in  many  of  its  aspects.  When  rain  falls  upon  the  earth,  it  has  three  destina- 
tiona.  It  either  evaporates  and  becomes  water  vapor,  penetrates  the  soil  and 
becomes  f^round  water,  or  runs  along  the  surface  and  becomei^  immediate  run- 
off. It  cither  remains  upon  the  surface  upon  which  it  falls,  or  disappears  above 
or  beneath  it.  When  the  water  which  penetrates  the  earth  or  remains  upon 
its  surface  is  con-iikred  merely  as  water,  its  discussion  belongs  to  the  sub- 
ject of  Hydrolopy,  but  if  the  crosivp  action  of  the  water  is  considered,  it  be- 
longs to  the  subject  of  Physiography.  Since  water  is  an  important  factor  in 
the  growth  of  plants  and  animals  and  in  chemical  reactions.  Hydrology  is  more 
or  Ifss  closely  i-olated  to  Botany,  Zoology,  and  Chemistry.  Hydrology  treats 
of  the  occurrence,  movements  and  uses  of  water. 

Hydrology  may  be  subdivided  into  several  minor  subjects,  each  of  which 
has  had  many  books  and  articles^  devoted  to  it.  The  principal  minor  subjects 
are  drainage,  irrigation,  city  water  supply,  sewage  disposal,  water  power, 
navigation  and  flood  control.  The  subtopics  under  these  main  divisions  are 
numerous,  but  many  of  them  will  come  up  in  connection  with  the  treatment  of 
the  main  topics.  In  order  to  get  clearly  before  us  the  topic  under  consider- 
ation, a  discussion  of  these  minor  subjects  will  be  in  order.  These  discu.ssions 
will  be  more  or  less  general  with  ftequent  reference  to  conditions  in  Indiana, 
but  also  going  beyond  the  stale  for  illustrative  material. 

Drainage. 

Drainage  is  that  division  of  Hydrology  which  treats  of  the  freeing  of 
the  land  of  its  water  by  movement  of  the  water  along  or  under  (he  surface. 
The  subject  of  drainage  admits  of  further  classification.  The  following  dassi  • 
ficntifln  will  be  followed  in  this  paper: 

Drainage. 

I.   Defined  as  above. 
II.   Classes  on  basis  of  manner  of  development. 

A.  Artificial. 

1.  Artificial  drainage  is  drainage  which  is  developed  by  man. 

2.  Classes  on  basis  of  relation  to  earth's  surface. 

a.  Open  ditdi. 

(I)  Open  ditch  di  ainacTc  is  artificial  drainage  which  is  developed 
upon  the  surface  of  the  land. 

b.  Tile. 

(I)  Tile  drainage  is  artificial  drainage  which  is  developed  be- 
neath the  surface  of  the  land  through  lines  of  manufactured 
oondult. 

B.  Natural. 

1.  Natural  drainage  is  drainage  which  is  developed  by  the  forces  of 

nature. 

2.  Classes  on  basis  of  relation  to  earth's  anrfaee. 
a.  Surf aee. 
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(I)  Surface  dr  uina<.r<>  is  natural  drai'iiaK«  which  is  developed  upon 

the  surface  of  the  land. 

(II)  Clusseii  on  hnA»  of  munnt-r  uf  escape  of  water  from  the  land. 

(A)  Stream. 

(1)  Stream  drainage  is  natural  surface  draina^re  in  wliirlt 
the  water  escapes  from  the  land  in  continuous  depre.s.sions 
(valleys,  ravines,  frullies). 

(B)  Sheet. 

(1)  Sheet  drainage  is  natural  surface  drainage  in  which  the 
water  escapes  from  the  land  in  more  or  lens  continuous 
dieets,  over  perfectly  level  land  or  smooth  hill  slopes, 
b.  Underground. 

(1)  Underground  druinaj^e  is  natural  drainage  which  is  devel- 
oped beneath  the  surface  of  the  land. 
(IT)  rias.^es  on  basis  of  manner  in  which  water  moves  through 
the  earth. 

(A)  Ground  water. 

(1)  Ground  water  drainajjc  is  underground  drainapre  in 
which  the  water  moves  th'.-ouKh  the  pores  of  the  rock  by 
the  very  slow  process  of  seepage. 

(B)  Cave. 

(1)  Cave  drainape  i.s  undoijrround  drainapc  in  v.hirli  Iho 
water  moves  in  di.stinct  channels  which  have  been  naturally 
dissolved  twm  the  rock  and  may  connect  directly  with  the 
surface  by  sinkholes  so  that  the  water  may  never  have 
really  permeated  the  rock  at  all  in  reaching  the  under- 
ground diannel. 


All  clas.scs  of  drainai;e  contribute  to  the  runotf  of  the  stream  basin.  The 
runoff  is  the  water  which  passes  the  mouth  or  any  given  point  on  the  stream. 

It  is  usually  stated  in  cubic  foot  pei-  soconfl  (or  srcond-fcet)  \Yhi'-h  means  the 
number  of  cubic  feet  of  water  which  pas.ses  a  given  point  in  one  second.  The 
collection  of  data  to  determine  the  runoff  is  one  of  the  chief  difficulties  in  the 
problems  of  Hydrolo^'. 

Means  of  I)(  tt  riiiiiiiii;/  KminiJ.  RuiiolT  is  dttermined  hy  -ever:!!  means. 
The  weir  method  may  be  u.^cd  where  the  water  flows  over  a  dam  wiih  a  per- 
fectly level  crest,  between  vertical  abutments.   A  standard  weir  is  one  in 

which  the  innrr  face  is  a  veitical  pliine  and  the  vdytic  sharp.  Weirs  are 
usually  made  rectangular  and  will  be  so  consideied  in  this  paper.  The  crest 
of  the  weir  may  extend  entirely  f  rcmi  one  side  of  the  stream,  canal  or  flume  to 

the  othrr,  or  it  may  bo  a  notch  in  a  Weir  plate  with  edges  hevr led  .  imilar  to 
the  crest.  In  this  caae  the  weir  is  said  to  have  end  contraction,  while  in  the 
former  case  the  contractions  are  said  to  be  suppressed.  If  the  contractions 
are  not  suppressed,  the  weir  plate  should  extend  as  a  plane  on  each  side  of 
the  weir  a  distatu"<>  at  least  three  or  four  times  tiie  depth  of  the  water  over 
the  crest,  and  for  an  ec^ual  distance  below  the  crest  whether  there  is  contrac- 
tion or  not.  It  is  difficult  to  measure  the  depth  of  water  over  the  crest  and 
instead  the  height  of  the  surface  of  the  wati>r,  before  it  beirins  to  curve  toward 
the  weir,  above  the  crest  of  the  weir  is  taken.  This  is  done  by  placing  a  stand* 
ard  gage  above  the  weir  far  enough  to  be  in  the  smooth  water  and  with  the 
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jertj  1(  vol  with  tho  cvrA  of  the  weir.  The  formulae  worked  out  by  Francis  at 
Lowell,  Alai-ti.,  in  1854,  have  been  more  universally  used  than  any  of  the  many 
oUmis  devised  since.  The  two  oommonly  usied  formulae  are  for  standard  weir» 
with  or  without  contraction: 

With  end  contractions  suppressed: 

Q  -3.33  LHV. 
And  with  two  end  cont tactions: 


in  whkh  Q  =  amount  of  water  in  second-feet. 

L      Icnjrth  of  weir  crest. 

H  —  heig^ht  of  water  on  the  gage. 

This  method  of  doterminin<',  di-rbaicr  i-^  voiy  accurate.  The  lenj^th  of 
crest  used  by  Francis  in  his  experiment  was  ten  feet  and  a  head  of  four  to  six 
feet   The  formulae  are  most  accurate  when  used  under  these  conditions. 

The  Rape  method  is  the  most  satisfactory  for  large  stream  calculations. 
Gages  are  of  several  types.  The  vertical,  sloping,  and  diain  and  weight  gages 
are  most  eommonly  used.  The  vertical  gage  consists  of  a  solid  piece  of  wood, 
upon  which  are  painted  or  otherwise  re^icisteied  feet  and  tenths  of  feet  It  is 
placed  in  an  upright  position  on  ti)e  water  so  that  the  zero  mark  will  never  be 
exposed  above  the  water.  It  may  be  fastened  to  a  bridge  pier  or  other  solid 
anchorage,  or  it  may  be  painted  directly  on  the  bridge  pier  at  very  low  water, 
thereby  dispensin^r  with  the  jjiecc  of  wood.  The  jjapc  reader  at  stated  inter- 
vals, usually  once  each  day,  determines  the  position  of  the  water  surface  upon 
the  gage.  As  the  stream  rises  and  falls,  the  amount  of  fluctuation  is  shown 
by  tho  urape  reading.  The  number  expressed  has  nothing  to  do  with  tho 
depth  of  the  stream  unless  the  zero  of  the  gage  happens  to  be  exactly  on  the 
liottom  of  the  stream.  The  essentials  in  installing  such  a  gage  are,  to  have 
the  zero  mark  on  the  ga^^e  hduw  the  extreme  low  water  mark,  to  ham  tlie 
spacings  represent  vertical  distances  accurately,  and  to  have  the  prage  se- 
curely fastened  to  its  support  so  that  it  will  not  be  moved  by  high  water  oi* 
by  other  agencies. 

The  sloping  gage  is  very  similar  to  the  vertical  gage  except  that  it  is 
placed  in  a  sloping  position  and  the  graduations  calculated  in  vertical  distances. 
Sometimes  the  nature  of  the  stream  bank  at  the  point  where  it  is  desirable  to 
locate  a  gage  is  such  that  a  .sloping  gage  can  be  installed  in  a  much  less  etposed 
position  than  a  vertical  gage  could  be. 

The  dialn  and  weight  gage,  where  it  ean  be  fastened  to  the  hand  rail  of 
a  bridge  or  other  permanent  structure  which  extends  over  the  stream  is  more 
desirable  than  the  vertical  or  sloping  gages.  It  consists  of  a  box  about  six 
leet  long  by  five  inches  in  width  and  height.  One  side  of  this  box  is  hinged  and 
constitutes  the  lid.  In  the  bottom  of  the  box  is  placed  a  scale  five  feet  long, 
divi(U'(l  into  feet  and  tenths  of  feet.  One  erd  is  marked  zero  feet  and  the 
other  five  feet  with  the  intermediate  feet  marked  accordingly.  At  the  zero 
end  of  the  gage  a  small  pulley  is  placed  so  that  a  chain  hanging  vertically 
over  it  will  lie  horizontally  on  the  scale.  A  hole  onr  inrh  in  diameter  is  made 
under  the  edge  of  the  pulley  on  the  side  opposite  the  zero  of  the  scale. 

The  chain  is  of  steel,  about  the  weight  of  ordinary  halter  diain,  witli 
interlocked  flat  links.   This  chain  is  thoroughly  stretched  before  being  used. 
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Upon  it  are  placed  brass  markers  five  feet  apart.  The  inuikcrs  are  made  ol 
Strips  of  brass  not  over  one-tHith  of  an  ineh  in  widfli  and  lon^  enough  to  xaaeh 
rntirely  around  the  link.  The  markers  are  accurately  spaced  five  feet  apart 
along  the  chain  and  soldered  securely  in  place.  Upon  one  end  of  this  chain  in 
placed  a  weight,  which  is  made  from  three-quarter-inch  iron  rod  about  four- 
teen inches  lonR.   The  chain  is  now  u>:uly  for  u^e. 

The  box  is  securely  fastened  to  the  hand  rail  of  a  bridge  or  other  firm  sup- 
port which  projects  over  the  water.  The  vertical  line  from  the  one-inch  hole 
under  the  pulley  edge  to  the  water  must  be  free  fi nm  obstruction.  The  weight 
is  dropped  throujrh  the  hole  until  its  lower  end  is  below  the  level  of  the  water 
surface  so  far  that  the  water  surface  will  not  reach  it  at  lowest  stage.  Then 
the  chain  is  allowed  to  run  on  through  the  hole  until  the  next  marker  lies 
directly  over  the  zero  of  the  prape.  The  chain  is  cut  off  a  few  inches  above  this 
marker  and  a  ring  attached  to  the  end.  The  ring  should  be  more  than  one 
inch  in  diameter  so  that  if  the  chain  becomes  free  the  ring  will  keep  it  from 
miUlini^  entirely  through  the  hole  and  dropping:  into  the  stream.  A  hasp  and 
lode  are  placed  upon  the  lid  so  that  it  can  be  securely  fastened  when  not  in  use. 

The  zero  of  this  gage  is  at  the  lower  end  of  the  weii^t  when  the  first 
marker,  nearest  the  ring  is  on  the  zero  of  the  scale  and  the  weight  is  hanging 
vertically  through  the  hole  and  over  the  pulley.  If  the  weight  strikes  bottom 
before  the  first  marker  lies  over  the  zero  of  tiie  scale,  the  zero  of  the  gage  is 
where  the  lower  end  of  the  weight  would  be  if  the  weight  hung  free.  If  the 
chain  is  now  drawn  upward  and  kept  lying  hoi  izontally  on  the  scale,  until 
the  lower  end  of  the  weight  just  touches  the  surface  of  the  water,  the  first 
marker  may  lie,  say,  at  four  and  two^tenths  feet  on  the  scale.  The  four  and 
two-tenths  feet  are  merely  used  for  illustration.  In  that  case  the  reading  at 
that  time  would  be  four  and  two-tenths  feet.  If  the  stream  should  rise  six* 
tenths  of  a  foot  by  the  next  reading  the  first  marker  would  lie  at  four  feet 
and  eight-tenths  on  the  scale  an<I  that  would  be  the  reading.  If  the  stream 
again  rises  six-tenth.s  of  a  foot  the  first  maricer  would  lie  beyond  the  five  foot 
mark  on  the  scale  and  hence  could  not  be  used.  However,  when  the  firsC 
marker  passes  the  five  foot  mai-k  on  the  scale  the  .second  marker  pas.scs  the 
sero  mark  on  the  scale,  and  when  tlic  first  marker  is  lyinjr  four-tenths  of  a  foot 
beyond  the  five  foot  mark  of  the  scale  the  second  marker  would  be  lying  four- 
tenths  of  a  foot  above  the  sero  of  the  scale.  In  this  case  the  reading  would 
be  taken  from  the  second  marker,  five  feet  bring  added  to  the  direct  rending. 
Thus  the  reading  would  be  five  and  four-tenths  feet.  In  like  manner  when  the 
third  maricer  Is  used,  ten  feet  is  added  to  the  direct  reading,  etc  After  the 
reading  is  taken  the  chain  and  weight  are  tirawn  up  and  locked  in  the  gage 
box.  In  case  of  long  continued  use  the  chain  lengthens  slightly,  due  to  wear- 
ing of  the  link  contacts.  The  error  due  to  this  cause  is  slight  and  can  be  cor- 
rected from  time  to  time,  by  resetting  the  markers.  Care  must  be  taken  to 
keep  the  initial  marker  a  ^::iven  distance  from  the  end  of  the  weight. 

The  Mott  type  of  tape  and  weight  gage  which  is  used  to  a  considerable  ex- 
tent by  the  U.  8.  Weather  Bureau  is  very  similar  to  the  chain  and  weight 
gape.  Tn  it  a  steel  tape  is  usn!.  The  scale  is  one  foot  long  and  stands  ver- 
tically. The  tape  is  wound  up  on  a  pulley  at  the  upper  end  of  the  scale.  The 
sero  end  of  the  scale  is  the  lower  end  and  the  zero  end  of  the  tape  is  the  inner 
end  when  it  is  wound  up.  When  the  weight  is  lowered  until  the  zero  of  the 
tape  lies  over  the  sero  of  the  scale  the  lower  end  of  the  weight  is  at  zero  of 
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the  gafe  provided  that  it  is  han^np  free.  As  the  tape  is  wound  up  the 
ascending  foot  marks  on  the  tape  pass  the  zero  of  the  .<cule.  If  the  four  foot 
mark  on  the  tape  has  passed  the  zero  of  the  scale  by  two-tenths  of  a  foot  when 
the  weight  just  touches  the  water,  the  reading:  of  the  K&ge  is  four  and  two- 

tenths  feet.  By  having  hundrcHthii  of  feet  marked  on  the  tape  it  is  easy  to 
read  the  &tage  to  the  hundiciith  of  a  fool  by  this  type  of  gage.  There  is  little 
to  be  gained,  however,  by  reading  the  guge  more  accuiately  than  to  the  half 
tenth. 

The  city  of  South  Bend,  Ind.  !kis  a  self-r(>cov«linp  f^n^c  on  the  St.  Jo.seph 
River.  It  consists  of  a  vertical  tube  ^trt  in  the  river.  The  tube  is  perforated 
so  that  the  water  ean  pass  in  f  redy  and  thus  stands  within  the  tube  at  the 
same  level  that  it  does  on  the  outside.  A  float  is;  suspended  in  the  tube  by  a 
flexible  wire  which  is  connected  through  a  system  of  pulleys  and  levers  to  a 
lever  with  a  recording  pen  whidi  rests  aivainst  a  circular  paper  disc.  The  disc 
is  rotated  by  clock  work  and  the  pen  records  the  rising  and  failing  of  the  float 
in  the  tube.  Tliis  type  of  gage  is  of  particulai-  value  on  the  St.  Joseph  where 
the  control  of  water  hy  tlie  Oliver  dam  makes  the  fluctuations  frequent  and 
pronounced.    (See  Fig.  1.) 

When  a  gage  is  e^tat)li>ht(l,  it  -hould  ho  carefully  defined  and  referenced 
to  at  least  two  bench  marks.  One  of  these  should  be  near  at  hand,  on  an 
abutment  of  the  bridge  or  other  usually  stable  position.  The  other  should  be 
located  above  flood  stape  of  the  stream  and  on  a  permanent  point.  With 
the  zero  of  the  gage  dctined  from  these  points,  it  is  easily  possible  to  replace 
the  gage  in  case  of  accident.  Even  if  the  bridge  is  entirely  swept  away,  the 
gage  can  be  re-established  when  the  bridge  is  rebuilt. 

The  reading  of  the  gage  must  be  left  to  a  regularly  employed  gage  reader 
who  visits  the  gage  once  a  day  and  records  the  reading.  The  .self-i-ecording 
gage  records  are  one  week  hmg  and  must  be  replaced  at  some  regular  time  dur- 
ing the  wcf  k. 

Gage  readings  are  of  little  value  unless  discharge  measurements  are 
made  and  referred  to  the  gage.   After  several  discharge  measurements  are 

made,  a  rating  table  can  br  construotod.  After  establishing  a  rating  table 
the  gage  readings  become  an  index  of  the  discharge  as  well  as  of  the  surface 
fluctuations. 

Manner  of  M (iking  Disehmrge  Meagurements.    Discharge  measurements 

are  made  in  a  plane  at  right  angles  to  the  stream  flow.  If  rcffirrd 
to  a  gage  the  plane  should  cut  through  or  near  the  gage.  If  the  gage  is  on 
the  hand  rail  of  a  bridge  the  discharge  measurements  ean  be  made  from  the 
hand  rail  of  the  brid>;e.  An  initial  point  for  the  work  is  .^elected  usually  flush 
with  one  abutment  of  the  bridge.  From  this  point,  equal  spaces  are  measured 
along  the  hand  rail  and  permanently  mariced  with  paint.  The  spacing  varies 
with  the  size  of  the  stream.  On  the  largest  streams  in  Indiana  twenty  feet 
are  used  while  on  the  smaller  .stream.^  ten  or  even  five  feet  are  ^.sed.  From 
thcsr  points  depth  readings  are  taken.  At  the  same  time  the  gage  also  is  care- 
fully read.  From  the  depth  readings  a  crosi'-section  of  the  stream  can  be 
con.^tructe<l.  After  the  depth  readintr^^  have  been  taken,  the  velocity  of  the 
.stream  is  determined  at  each  point.  This  is  done  by  floats  or  with  a  current 
meter.  These  will  be  discussed  in  a  later  paragraph.  The  rate  is  determined 
in  feet  per  second  at  ~ix-tenths  the  depth.  It  has  been  shown  that  the  aver- 
age rate  of  flow  in  general  oceurs  at  six-tenths  the  depth.    When  these  rates 
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have  be«n  determined  the  discharge  is  calculated  by  working-  out  the  dis- 
charge of  each  section  of  the  citMs-aeetion  separately  and  addlnir  the  resultR. 

Thus  if  the  depth  readinfjs  at  two  Consecutivr  points  :i'  e  4.G  feet  and  5.2  feet, 
and  the  distance  between  points  ten  feet,  the  average  depth  would  be  4.9  feet 
and  the  crosa-seetional  area  49  square  feet  If  the  ydodties  at  the  two  points 
are  3.7  feet  per  sec.  and  4.1  feet  per  sec.,  the  average  velocity  would  be  3.9 
feet  per  sec.  Thus,  this  stection  of  the  stream  with  a  cross-sectional  area  of 
49  square  feet  moving  forward  at  an  average  rate  of  3.9  feet  per  sec.  would 
discharge  3.9x49  cubic  feet  per  sec.  =  19L1  cubic  feet  per  sec.  When  the 
otJier  .•sections  are  worked  out  in  similar  manner  and  the  results  added  the  dis- 
charge of  the  stream  at  the  existing  gage  height  is  given.  As  long  as  the 
stream  cross-section  is  not  altered  the  discharge  will  always  be  the  same  for 
that  gajre  height  provided  all  other  stream  conditions  remain  similar. 

A  rating  table  is  calculated  from  the  discharge  measurements.  If  at  one 
gage  on  a  stream  several  discharge  measurements  are  taken  during  a  year 
at  as  many  Kage  heit^ht^  as  po^tsible  and  the  gage  heights  plotted  as  abscissas 
and  the  discharges  as  ordinates,  a  curve  can  be  constructed  cutting  the  entire 
range  of  gage  heights  and  di.scharge.«,  whereby  the  di.scharge  at  any  gage 
heii^t  can  be  approximately  estimated.  Prom  this  a  table  giving;  the  dis- 
charpcs  at  all  Rage  heights  recorded  for  the  year  is  constiucted.  15y  the  use 
of  such  a  rating  table  the  discharge  for  any  length  of  time  may  be  calculated. 
In  these  calculations  there  are  several  sources  of  error.  The  stream  should 
be  straight  for  at  least  three  hundred  feet  above  and  below  the  point  at  which 
the  di.>icharge  measurements  are  taken.  A  bend  in  the  stream  causes  eddies, 
reverse  currents,  and  dead  water.  The  stream  should  be  open,  free  from 
islands,  rlrift,  ])iers,  etc.  These  obstiuctions  have  the  same  effects  as  bends. 
A  shifting  bed  of  the  stream  near  the  gage  makes  the  discharge  at  any  given 
gage  height  irregular.  If  the  gage  can  be  located  on  a  bed-rock  stream  floor 
it  gives  better  results.  A  di.scharge  measurement  taken  during  rising  stream 
at  a  certain  gage  height  will  differ  from  one  taken  during  a  falling  of  the 
stream  at  the  same  gage  height.  If  the  gage  is  located  centrally  over  the 
stream  the  rising  discharge  will  exceed  the  falling.  If  the  gage  is  located  at 
the  edge  of  the  stream  the  falling  discharire  will  exceed  the  rising.  This  is 
due  to  the  fact  that  the  surface  of  a  stream  is  convex  during  recession  and 
concave  during  rising.  If  the  gage  is  located  about  midway  between  center 
and  edge  of  the  .'Stream  this  error  is  not  very  important. 

Thf  Current  Mi  ter.  There  are  many  kinds  of  current  meters,  all  of  which 
are  designed  to  serve  the  same  purpose,  i.  e.,  to  give  the  rate  of  flow  of  the 
water.  The  meter  used  in  this  work  is  a  W.  and  L.  E.  Gurley  meter,  pattern 
No.  ()17.  It  consists  of  a  wheel,  carryiiig  upon  it;;  periphery  cone  shaped  cups 
and  revolving  upon  an  axis.  This  wheel  is  held  in  a  steel  frame  beneath  which 
a  heavy  lead  weight  is  fastened  to  give  it  stability  in  the  water.  The  frame 
is  su.spended  by  ;i  cable  which  also  contains  a  two-wire  electric  connection  with 
the  wheel.  At  each  turn  o£  the  wheel  a  connection  is  made  between  the  wires. 
At  the  other  end  of  the  cable  is  a  telephone  receiver  and  a  battery.  During 
operations,  the  receiver  is  held  to  the  ear  of  the  operator  by  the  ordinary  head- 
piece, and  the  battery  may  be  carried  in  the  pocket.  The  number  of  revolu- 
tions of  the  wheel  is  counted  for  one  hundred  seconds,  recorded  and  then  im- 
mediately a  check  of  fifty  or  a  hundred  seconds  is  taken.  The  reading  is  taken 
for  a  hundred  seconds  for  convenience  in  calculation.  The  number  of  revo- 
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lutiuns  per  second  can  he  found  by  dimply  moving  the  decimal  point  two  places 
to  the  left   Then  by  reference  to  a  table  accompanyinfc  the  meter,  the  rate  of 

flow  per  second  is  fouixi.  The  ratin|f  table  of  the  meler  is  found  by  drawing 
the  meter  throuph  still  water  by  some  mechanical  device  and  ob5?ervingr  the 
rate  of  revolution  of  the  wheel  of  the  meter  at  various  rates  of  movement 
through  the  water.  A  meter  should  be  rerated  occasionally.  Care  should  be 
taken  to  keep  the  btaririKs  of  the  meter  in  pood  condition. 

A  float  is  made  of  a  large  ball  of  wood»  weighted  until  it  &inks  slowly  in 
water,  to  which  is  attached  by  a  fine  copper  wire,  a  small  ciR:ar-shaped  float 
of  pine  or  cork.  The  small  float  should  be  just  large  enouKli  to  carry  the 
weight  of  the  ball.  The  wire  is  attached  centrally  on  the  .side  of  the  float. 
Opposite  to  the  connection  i.s  placed  a  ^mall  pin  of  white  or  some  other  color 
to  suit  the  observer.  To  use  the  floats,  two  wires  are  stretched  across  the 
stream  a  known  distance  apart.  Tlie  upstream  wire  is  marked  into  convenient 
spacer  One  ob^rver  measures  the  depth  at  the  marks  along  this  reference 
wire,  adjusts  the  wire  of  the  float  so  that  the  ball  will  be  carried  at  six-tenths 
the  depth  of  the  stream  and  starts  the  float  a  few  feet  above  the  reference 
wire  so  that  it  will  have  adjusU:d  its  movement  to  the  movement  of  the  water 
by  the  time  it  passes  under  tlie  fir&t  wire.  At  the  moment  when  it  passes  the 
upstream  wire  he  signals  the  second  observer,  who  is  at  the  lower  wire  with 
a  stop  watch.  The  second  obsei-ver  .stait.s  the  watch  at  the  sip:nal  and  by  not- 
ing the  white  peg  follows  the  course  of  the  float.  When  the  float  pa.s>cs  under 
the  second  wire  he  stops  the  watch  and  catches  the  float.  It  is  convenient  to 
have  several  floats  when  this  method  is  used,  althou^'h  a  copiier  wiie  lonp 
enough  to  reach  from  reference  wire  to  the  other  with  a  float  attached  and 
fastened  to  the  upper  wire,  is  convenient  for  returning  the  float  to  the  up- 
stream ob.server.  The  reference  wires  arc  usually  placed  one  hundred  feet 
apart,  but  in  swift  streams  the  distance  should  be  incicased.  The  distance  in 
feet  divided  by  the  number  of  seconds  in  passing  gives  the  rate  in  feet  per 
second.  This  method  Is  Impracticabk  on  large  streams  where  the  work  must 
be  done  from  boats. 

Runoff  Recvrds.  The  runoff  records  in  Indiana  are  meager  and  inter- 
rupted. The  first  hydrologic  work  which  was  done  in  this  state  was  carried  on 
by  the  United  States  Geological  Survey.  Gapes  were  established  on  some  of 
the  larger  streams  ns  early  as  liiOl-O",  and  some  of  tliose  have  persisted  with 
interruptions  until  the  pie.sent  time.  The  larpe.st  amount  of  available  data 
from  any  one  stream  is  from  Shoals  on  the  East  Fork  of  White  River.  The 
interruptions  there  have  been  few  and  shci  t  and  enouph  discbarjje  measure- 
ments have  been  made  to  keep  a  good  up-to-date  rating  table.  The  gage  is 
located  over  a  solid  rock  river  bed,  so  that  very  little  change  takes  place  in 
the  cross-section.  The  writer  establi-^hcd  pa^es  on  .-everal  of  the  main  .streams 
in  1909  and  1910.  These  were  in  operation  until  the  flood  of  March,  1913, 
which  not  only  swept  most  of  the  gages  away  but  in  several  cases  swept  away 
unreported  recoids.  At  that  time  no  use  was  being  made  of  the  reconls, 
reports  were  not  made  except  on  request,  and  over  a  year's  accumulation  of 
I'ccords  in  some  cases  had  not  been  reported  and  were  lost.  Soon  after  the 
flood,  the  United  States  Weather  liureau  began  to  install  gages  on  some  of  the 
larger  streams  and  these  records  have  been  very  helpful. 
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The  Natural  I )- .linage  of  Indiana. 

The  natural  drainu{(e  of  Indiunu  falls  into  the  two  great  systems,  the 
Mississippi  and  tiie  St  Lawrence.  Aboat  89.5%  of  fhe  state  drains  to  flw 
Mississippi  and  lO.n'';  to  the  St.  Lawrence.  The  entire  area  of  the  state  in- 
elnding  that  portion  of  Lake  Michigan  which  lies  within  it  is  36,550  square 
miles.  The  number  of  square  mileit  draininir  into  the  Mississippi  is  82,492,  and 
into  the  St.  Lawrence  3,858. 

The  following  table  shows  the  principal  sub-systems,  their  areas  in  square 
miles,  and  the  per  cent  of  the  area  of  the  state. 


Subsystem.                                         Area  Square  Per  Cent  of 

Miles.  SUte. 

Blue  of  Wa.shinfrtnn  and  Harrissn  Counties                 471  1.29 

Minor  Ohio  Tributaries                                           4,279  ,  11.71 

Whitewater                                                        M19  3.61 

Patoka                                                             813  2.23 

White                                                           11,155  30.52 

Minor  Miami  Drainage                                             78  .20 

Wabash                                                            11,481  31.41 

Kankakee                                                       8401  8.48 


Total  Ohio   82,692  89.46 


St.  Joseph  of  Lake  Michigan   1,668  4.56 

Matimee   1,277  8.49 

Calumet  and  Minor  Michigan  Tributaries   665  1.82 

Surface  Lake  Michigan   248  .68 


Total  St  Lawrence   8368  10.66 


Total  Indiana   36»560  100.00 

Fig.  2  illMtrates  these  river  basins. 


The  drainage  of  Indiana,  in  the  main,  radiates  from  two  hydrographic 
centers.  One  of  these  in  Randolph  County  pives  ri.^^e  to  the  White,  Waba.sh 
and  Whitewater.  The  other  in  Noble  County  gives  rise  to  the  tributaries 
of  St  Joseph,  Maumee,  and  Tippecanoe.  Because  of  ttie  location  of  titese 
centers  the  principal  drainage  i.n  toward  the  .southwest  (See  drainage  map.) 
Approximately  64+ '.r  of  the  drainage  of  the  state  pa.sses  through  the  mouth 
of  the  Wabash,  17%  reaches  the  Ohio  by  other  lines,  8.5%  reaches  the 
Mi.ssi.ssippi  through  the  lllinoi.s  River,  while  slightly  over  G'l  flows  into  Lake 
Michigan,  and  somewhat  less  than  4';  enters  Lake  Erie.  These  are  per  cents 
of  area.  (See  Fig.  2.)  The  rainfall  is  somewhat  heavier  in  the  south  and 
the  per  cent  of  runofT  would  be  increased  southward,  and  decreased  north- 
ward. 

The  hydrographic  center  in  liandolph  County  is  the  highest  point  in  the 
state  (1386  ft),  and  the  lowest  point  is  at  the  mouth  of  the  Wabash  (313  ft). 
The  hydrographic  center  in  Noble  County  is  about  1,000  feet  in  deration.  Lake 
Michigan  is  aKl  feet  and  Lake  Eric  .">7.'!  feet  above  .sea  level. 

Factors  Affccing  Dmuuige.  The  chief  factors  which  alTect  the  natural 
drainage  of  Indiana  are  the  underlying  roekt  topography,  storage,  artiAdal 


Digitized  by  Google 


Hand  Book  op  Indiana  Geology 


278 


drainage,  rainfall  and  evaporation.  These  are  interdependent.  The  topog- 
raphy is  deteimlned  to  m  great  extent  by  the  onderlying  rock,  espedaUy  in 
the  southern  part  of  the  state.  The  storage  is  (iuc  to  (he  topography  in  some 
parts  and  to  the  underlying  rock  in  othcrtj.  Evapomtion  is  dependent  upon 
the  rainfall,  topography,  mean  annual  temperature,  etc 

The  underlying  rocks  of  Indiana  belong  to  the  Paleozoic  era,  of  which  the 
representatives  of  the  youngest  and  oldest  periods  are  not  exposed  within  the 
•tate.  The  following  outline  shows  the  systems  and  series  within  the  state. 
Systems  in  parenthesis  are  not  represented  in  Indiana. 


Era  Symsm 

'  (Permian) 

j  MtTom  Sandstone. 
Pcnnjjylvuniaii     ("oal  Mriisuros,  Coal,  Shale  ami  some  LiuivHtune. 
MiUisndd  Sandstone, 
('hi-ster  Liiitestono  and  Sandstone. 
-Nhlrht'll  Limestone. 
Salem  Limestone  (Bedford  Oolitie). 
Harrodshurii  Liniesf one. 
j  Knobstonc  bandstonc  and  Shale. 
V.  Roekford  Goniatite  Limestone. 

{New  .\lh:iiiy  HIark  Shale. 
SeUersburg  Limestone. 
JeflTerBonville  Limestone, 
r  Kokomo  Limestone. 


Missiiisippiua 


Silurian 


Urdovician 


,  (Cambrian) 


Niagara  Limestone  and  Shale 


f  Ix>uisvillc 
I  Waldron 
j  Laurel 
I  Osgood 


Brassficld  Limestone. 

j'  Uirhinoiid  Limestiinc  and  Shale. 
<  Maysvillc  Limestone  and  Hhsle. 
I  Eden  Shale  and  Limestone. 


The  entire  succession  of  rocks  in  Indiana  .sedimentary,  consisting  of  lime- 
stone, shale,  sandstone  and  coal.  In  >rrneral  the  strata  arc  horizontal,  but 
there  is  a  noticeable  dip  toward  the  southwest  which  increases  in  that  direc- 
tion. Thus  there  is  a  continual  change  of  formations  from  east  to  west  across 
the  statf.  Howevei .  (  ach  fonr.ation  may  he  traced  fmm  the  Ohio  River  north- 
ward for  many  miles  until  it  disappears  beneath  the  glacial  drift.  This  ar- 
rangement has  a  peculiar  effect  upon  the  drainage  of  the  southeastern  part  of 
the  state.  The  Niagara  and  Prassfiehi  limestones  are  very  hard  and  form  a 
long  high  divide  almost  on  a  line  from  Madison  to  Cambridge  City.  White- 
water River  and  some  smaller  streams  skirt  the  eastern  edge  of  these  forma- 
tions and  flow  .south.  West  of  this  divide  are  the  long  low  grade  tributaries 
of  White  River.  Titus  the  Whitewater  ami  smaller  streams  drain  the  Ordo- 
vician  formation  of  the  state  exclusively.  On  the  other  hand  the  White  and 
Wabaak  river  systems  flow  directly  across  the  rock  formations  of  the  state, 
and  as  each  formation  appears  the  previous  foirnation  disappe.ir.s  honeath  it. 
This  has  a  remarkable  influence  upon  these  stream.s  in  certain  cases.  An 
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example  of  this  is  the  Muscatatttck.  For  about  ten  miles  below  Vernon  this 

sti-eam  flows  on  Jeffersonville  limestone.  The  limestone  is  hard  and  forms 
abrupt  bluffs  and  a  rocky  bod  for  the  stream.  There  i.-*  no  underflow  and  the 
stream  is  of  fair  size.  Near  th  '  Euler  bridge  the  limestone  di.sappcars  be- 
-neath  the  surface  and  the  soft  New  Albany  shale  forms  the  bed  of  the  stream. 
The  valley  broadens  and  is  filled  with  a  deop  deposit  of  alluvium.  Much  of 
the  water  disappears  a.s  underHow.  The  diminished  stream  becomes  filled 
with  drift  and  could  scarcely  be  recofrnized  as  the  same  stream. 

The  softer  formations  weathfv  niort  lapirlly  ami  the  streams  in  these 
formations  have  broad  valleys  filled  with  alluvium.  The  general  level  of  the 
country  is  also  greatly  reduced  by  the  erosion  of  these  formations.  Other 
formation.s  arc  harder.  In  the.^e  formalioub  the  stream  valU-ys  arc  restricted 
and  the  general  level  of  the  country  is  much  higher.  Thus  the  state  has  a 
series  of  plateaus  extending  in  a  north-south  diifction  across  the  state  and 
representing  the  harder  formations  of  rock.  Thire  are  three  of  these  plateaus 
which  are  very  distinct.  A  line  frrm  Madison,  .If  1T(  rson  Cdunty,  to  Cambridj^c 
City,  Wayne  County,  appro.ximately  represents  ihu  crest  of  the  plateau  formed 
by  the  Niagara  limestone.  A  line  from  JefTersonville.  Clark  County,  to  Dan- 
ville, Hendricks  County,  is  near  the  crest  of  the  Kiiobstone  plateau.  The  other 
plateau  is  formed  by  the  Mitchell  and  Huron  limestones  and  the  Mansfield 
sandstone,  and  is  appraximatdy  represented  by  a  line  from  eastern  Perry 
County  to  Greencastle,  Putnam  County.  These  plateaus  arc  partially  or  wholly 
.  obUtCTated  by  the  deep  glacial  deposits  in  the  central  and  northern  parts  of  the 
state. 

Wherever  the  underlyinjj  rock  is  limestone  the  );round  water  tends  to  form 
caves.  The  texture  and  composition  of  the  lime.stone,  however,  greatly  affect 
Hie  result  The  degree  of  elevation  of  the  country  above  the  level  at  which 
the  ground  water  appears  at  the  surface  also  has  a  great  deal  to  do  with  the 
!-ize  of  the  caves.  In  the  Silurian  limestone  there  are  small  caves,  only  a  few 
large  enough  for  exploiation.  The  .surface  of  the  countiy  near  the.se  caves  is 
pitted  with  sinkholes  which  are  formed  by  the  ground  water  causing  openings 
(hrounh  the  u.ck  of  sufliciiut  size  so  thai  the  mantle  reck  can  be  carried 
through  into  the  cave.  The  (Continued  loss  of  mantle  rock  through  an  opening 
of  this  sort  soon  produces  a  conical  depression  above  it  and  this  in  turn  di- 
rects more  and  more  water  into  the  sink,  which  is  made  larger  by  the  in- 
creased flow  of  water,  and  so  on  indefinitely.  The  water  which  flows  through 
tile  sinkholes,  directly  into  the  cave,  and  out  at  the  mouth  of  the  eava  can 
hardly  be  considered  as  trround  water  for  it  does  not  penetrate  the  pores  of  the 
earth  and  carries  on  ei-osion  by  mechanical  rather  than  chemical  means. 

The  caves  of  the  Silurian  limestone  are  small  because  the  strata  of  lime- 
stone are  thin  and  because  in  mueh  of  the  region  the  difference  of  level  of 
the  general  surface  and  the  bottom  of  the  stream  valleys  where  the  jjround 
water  reappears  is  very  small.  The  latter  is  noi  tiue.  however,  of  the  hills  of 
Jefferson  County  where  this  difference  is  about  five  hundred  feet,  but  even  there 
the  caves  are  small  on  account  of  the  lack  of  mas'-ive  limestone  formations. 
The  influence  of  this  drainage  i.s  worthy  of  especial  mention  because  of  its 
elTeet  upon  the  topography  of  the  country,  upon  evaporation  and  upon  the 
water  table. 

The  effect  upon  the  topography  has  already  been  mentioned.  The  sink- 
holes which  are  formed  are  not  detrimental  to  farming,  for  the  slopes  are 
usually  gentle  and  the  lack  of  runoff  coupled  with  the  filtering  of  the  water 
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at  the  bottom  of  the  sinkhole  tend  to  keep  the  fertility  higher  than  that  of 
■imilar  loil  on  stream  valley  slopes.  Evaporation  is  reduced  by  the  under- 
groand  stream  drainapc  for  the  stream  surface  is  not  exposed  to  the  free 
moving  air  currents.  When  the  water  reaches  the  cave  it  has  air  over  its 
surface.  This  air  evaporates  water  from  the  .surface,  but  since  it  cannot  es- 
cape freely  from  the  nuc  it  becomes  satuirted  and  retards  further  evapora- 
tion until  it  is  rr))la<;eti  by  outsiik'  air.  Thi'  rirriilatioii  of  aii'  in  a  sinjfle 
mouthed  cave  is  due  principally  to  the  bxeathuig  of  the  cuve.  l)urinK  the  ap- 
proach of  a  high  pressure  area  the  density  of  air  is  increased,  and  in  order 
to  increase  the  density  of  the  air  in  the  cave  nioie  air  is  forced  into  it.  At 
buch  timcM  there  i.s  a  diittinct  current  of  air  flowing  into  the  cave.  When  the 
preasnre  passes  a  maximum  and  begins  to  decrease  the  air  of  the  cave  bcffins 
to  expand  and  the  current  at  the  mouth  i  reversed.  .Since  the  passape  of 
maximum  and  minimum  barometric  pre^tiures  u.sually  occurs  at  intervals  of 
three  or  four  days,  the  air  of  the  cave  is  partially  replaced  on  the  average  of 
once  per  week  and  most  eifeetively  near  the  month.  This  prooeas  is  called 
cave  breathing. 

The  water  table  is  lowered  somewhat  by  the  presence  of  caves.  The 
amoant  ai  this  lowering  is  not  definitely  known.  If  we  .suppose  that  two  re- 
gions are  alike  in  all  conditions  except  that  one  is  drained  by  a  cave  system 
whose  floor  is  fifty  feet  below  the  general  level  and  llie  other  is  drained  by  a 
stream  system  whose  stream  beds  are  fifty  feet  below  the  general  level  we 
have  a  basis  for  comparison.  It  miprht  appear  that  the  water  table  should 
b»  very  nearly  the  same  in  the  two  cases  and  that  the  only  ditferences  would 
be  such  as  occur  in  the  land  forms  of  the  two  areas.  Since,  however,  the 
surface  which  i-  drained  by  streams  is  depresse'd  in  the  valh  ys  it  is  there 
brought  near  the  water  table,  while  in  the  cave  drained  region  the  land  sur^ 
face  bridges  the  streams  and  hence  lies  far  above  the  water  table.  The  cave 
drained  area  would  therefore  be  drier  than  the  stream  drained  area.  This 
would  cause  the  cave  drained  area  to  have  an  advantage  in  wet  seasons,  and 
the  stream  drained  area  In  dry  seasons. 

The  cave  drainage  (if  the  state,  which  occurs  wherever  the  underlying 
stone  is  limestone,  is  best  developed  in  the  massive  Mitchell  limestone.  A  belt 
of  land  seven  or  eight  miles  wide,  stretching  from  Greencastle  to  Corydon  and 
extending  on  into  Kentucky  is  honey-combed  with  caves,  which  are  small  in 
the  north  hut  which  gradually  increase  in  size  until  the  maximum  in  Indiana 
is  reached  in  Wyandotte  Cave  in  Crawford  County.  The  increase  in  size  is 
due  to  the  increase  in  the  depth  of  the  stream  valleys.  In  Ptitnam  County 
the  stream  bluffs  are  much  less  than  100  feet  hit'h  in  jiem  ial.  while  in  Craw- 
ford County  they  are  3G0  feet  or  more.  The  ciivcs  in  the  north  arc  single 
storied  wet  caves,  while  Wyandotte  is  three  or  more  storied  with  only  the 
lower  story  wet.  The  fam(»us  Lost  River  of  Oianjje  County  has  abandonefl  it-s 
surface  channel  for  seventeen  miles  and  flows  through  an  underground  pas- 
sage. The  airline  distance  from  the  entrance  to  the  exit  of  the  water  Is  about 
eight  miles.  The  combine<[  lenuth  of  nas.sages  ir  Wyandotte  Cave  IS  stated  aS 
twenty-three  and  one-half  miles,  although  the  guide  adds  that  these  are  cave 
miles.  Just  what  is  meant  by  a  cave  mile  is  .something  never  yet  detei-mined, 
but  it  is  somewhat  sliorter  than  the  U.  S.  Standard  mile.  However,  while  the 
real  length  of  the  explored  passage.s  in  this  great  cave  i<  not  accurately  known, 
it  is  great  enough  so  thai  the  guides  are  never  questioned  when  they  say 
"twenty-three  and  one-half  miles,"  except  by  the  unfeeling  scientist 
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Much  of  Indiana  has  been  glaciated.  Two  distinct  periods  of  glaciation 
are  usually  recognized,  known  as  the  Illinois  and  Wisconsin  glaciatknu. 

The  Illinois  uliJfier  was  the  olrlcr  of  these  and  reached  the  more  southerly 
limit.  Much  of  the  deposit  of  this  glucier  has  been  carried  away  by  the 
fttreanu.  In  many  places  the  streams  have  cut  flirongh  the  drift  which  was 
deposited  and  have  their  beds  in  the  solid  rock  b^noath.  ^^^lile  this  glacier  in 
its  time  modified  and  probably  entirely  changed  the  drainage  of  the  area  which 
it  ooveredy  at  the  pxesent  time  the  remnants  of  the  once  octensive  drift  are 
.scarcely  to  be  considered  as  a  factor  whidi  greatly  affects  the  drainage  of  the 
state. 

The  Wisconsin  glacier  whidi  is  more  recent,  also  oUiterated  to  a  great 

extent  the  previous  drainage  of  the  part  of  the  state  which  it  c<>v  1 1  <  Dar^ 
ing  and  since  the  disappearance  of  this  glacier,  a  new  drainage  has  developed 
which  has  not  yet  carved  it3  way  through  the  heavy  drift  to  bed-rock.  This 
condition  has  a  marked  effect  upon  the  streams.  The  drift  acts  as  a  great 
storage  basin  for  ground  water.  The  continual  appearance  of  this  ground 
Mrater  causes  the  sti-eam  llow  to  be  more  uniform  and  permanent.  The  pres- 
ence of  many  lakes  in  the  Wisconsm  glaciated  area  also  tmids  to  regulate  the 
flow  of  the  streams.  Many  streams  flow  south  off  the  edge  of  the  Wisconsin 
glacier  and  have  long  valley-trains.  A  valley-train  is  a  deposit  of  glacial 
debris  which  is  found  beyond  the  glacial  margin  in  the  valley  of  the  stream 
which  flowed  from  the  edge  of  the  glacier.  The  deposit  was  made  during  the 
presence  of  the  glacier  by  the  stream  which  was  then  overladen  with  sediment. 
A  valley-train  is  usually  composed  of  sand  and  gravel.  These  valley-trains 
anii  the  sand  and  trravel  deposits  in  the  glacial  area  retain  a  great  deal  of 
ground  water  with  which  the  streams  ai-c  replenished  during  dry  weather. 
Glacial  till  is  not  as  useful  in  retaining  ground  water  as  the  sand  and  gravel. 
It  is  composed  hirgdy  of  day  and  rock  flour  which  is  somewhat  impervious 
to  water. 

The  topography  of  Indiana  bears  a  dose  relation  to  its  glacial  history. 
It  may  be  divided  roughly  into  three  divisions,  to  which  reference  has  already 
been  made,  i.  e.,  the  Wisconsin  irlacial  area,  the  Illinois  glacial  arpa,  anfi  the 
nonglaciatcd  region.  The  Wiscon.sin  glacial  area  forms  the  major  part  of  the 
state.  It  is  a  topographically  young  region  with  an  undulating  surface  due 
to  glacial  forms.  The  .'^oil  is  deep  and  compo.'^od  Iarp:oly  of  glacial  till,  sand 
and  gravel.  Little  rock  is  expo-sed.  Occasionally  the  streams  have  cut  through 
the  drift  and  exposed  the  underlying  rock. 

The  Illinois  gladal  area  is  much  older  than  the  Wi.'^consin  and  the  streams 
have  cut  throng  the  drift  to  the  bed-rock  beneath.  The  larger  streams  have 
practically  reached  base  level  and  have  begun  to  widen  their  valleys.  The 
soil  is  not  sn  deep  as  that  of  the  Wii^con^in  area.  It  contains  little  sand  and 
gravel  deposit  except  in  the  valley-trains  from  the  Wisconsin  area. 

The  noni^adated  area  is  a  typical  mature  i-egion.  Little  level  land  oc- 
curs and  the  drainage  i^  jx  i  feet  The  streams  of  this  region  are  flooded  dur> 
ing  rainy  seasons,  and  dry  or  very  much  diminished  during  dry  .sea.sons. 
The  Mitchell  limestone  belt  which  extends  from  Mauckport,  Harri.son  County, 
to  Waveland,  Mont^'omt  l  y  County,  is  an  exception  to  the  foregoing  statement. 
In  this  belt  the  drainage  is  to  a  great  extent  suhtoi  ranean  on  account  of  the 
extensive  development  of  caves.  This  condition  cause.s  the  runoff  of  this  belt 
to  be  much  more  uniform  than  the  runoff  of  the  rest  of  the  nongladated 
region.  Little  Blue  River  is  wholly  in  this  belt.  Tlw  East  Fork  of  Whito 
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River  crosses  the  noni^laciated  region  from  Seymour,  Jackson  County,  to  the 
west  line  of  Martin  County. 

The  rPKTuIarity  of  stroam  flow  rlcpend.';  upon  the  rcRularity  of  the  rain- 
full  and  upon  storage  facilities.  The  natural  storage  facilities  arc  glaciers, 
lakes,  swampe,  dc^Mwits  of  sand  and  gravel,  vegetation,  and  any  mantle  rock 
especially  when  it  is  continually  cultivatofl  at  the  surfarr.  AH  of  these  are 
found  in  Indiana  except  glaciers.  The  Rhine,  Rhone  and  other  large  rivers  of 
Europe  are  fed  hy  the  meltlnir  ice  of  the  glaciers  of  the  Alps  thronghont  the 
drier  months  of  the  year,  and  even  if  the  droug-ht  bccomos  extender!  in  the 
lowlands  these  rivers  continued  to  flow  without  notable  diminution.  The 
MaekMizie  and  Yukon  rivem  of  Nortii  America  an  fed  by  many  glaciers.  The 
Klaciers  of  the  United  States  are  small  and  the  largest  are  near  the  sea  so 
that  they  have  little  effect  upon  the  main  streams.  The  water  stored  in 
glaciers  and  snowfields  is  estimated  to  be  sufficient  to  raise  the  level  of  the 
ocean  by  fifteen  feet  if  it  were  liberated. 

If  the  ordinary  observer  were  asked  what  the  irreatest  storape  reservoir 
for  land  water  is,  he  would  probably  say  the  lakes.  In  lakes  and  swamps  the 
water  as  water  is  visible,  and  therefore  appeals  to  the  ordinary  observer. 
However,  the  total  lake  Storage  of  the  world  is  about  one-seventh  of  the  total 
land  ice  storage. 

Indiana  has  a  great  many  small  lakes  in  the  northern  part.   The  storage 

facilities  of  those  lakes  is  estimated  by  the  Writer  to  be  approximately  fi,- 
OUU,UUU,0()0  cubic  feet,  and  is  .sufficient  to  make  a  marked  difference  between 
the  regularity  of  flow  of  the  rivers  which  rise  among  them  and  those  which  do 
not.  English  Lake  was  originally  the  lar^.'^est  lake  in  the  state  and  covered 
about  twelve  square  miles.  It  was  a  >hallow  channel  lake  alon^  the  Kankakee 
River  and  has  been  entirely  drained  by  the  dredging  of  the  stream  channel. 
Lake  Wawasec,  in  Kosciusko  County,  formerly  known  as  Turkey  Lake,  is  now 
the  largest  lake  in  the  state.  It  has  an  area  of  .'>..'>  sriuare  miles.  It  drains 
into  the  St.  Joseph  River  through  Turkey  Creek  and  the  Elkhart  River.  Luke 
Maxinkudcee  of  Marshall  County  is  second  in  die  with  an  area  of  2.6  square 
miles.  Tt  is  tributary  to  the  Tippecanoe  Hiver.  Lake  Winona,  formerly  known 
as  Eagle  Lake,  while  small  in  size  is  one  of  the  best  known  of  our  lakes.  It  is 
a  well  known  summer  resort  and  the  site  of  several  educational  and  rdigious 
institutions. 

The  lakes  of  Indiana  are  located  principally  in  two  groups  or  belts  within 
the  norainie  deposits  of  the  Erie,  Saginaw,  and  Michigan  lobes  of  tile  Wis- 
consin glacier.  The  joint  terminal  moraine  of  the  Erie  and  Saginaw  lobes 
extends  in  a  northeast-southwest  direction  from  the  northern  part  of  Miami 
and  Wabash  counties  through  Kosciusko,  Noble,  Steuben  and  parts  of  La- 
grange, Dekalb  and  Whitley  counties.  This  area  contains  the  majority  of  the 
lakes.  Tlu-  joint  tormina!  moraine  t>f  the  Michif^an  and  Saj^inaw  lohes  extends 
in  a  north-.south  direction  from  northern  Fulton  and  Carroll  counties  through 
Stark,  Marshall,  St.  Joseph  and  Laporte  counties.  This  area  has  a  great 
number  of  lakes.  There  are  few  lakes  outside  of  these  two  areas  in  Indiana. 
Along  the  White,  Wabash  and  Ohio  rivers  in  their  lower  courses  are  to  be 
found  a  few  horseshoe  lakes  and  bayous. 

When  the  Wisconsin  ulacier  finally  '-ef.eated  from  Indiana,  it  left  a  very 
irregular  surface  with  few  stream  channels.  At  that  time  the  lakes  of  the 
state  were  much  more  numaons  and  larger  than  now.  Since  that  time  stream 
eroaimi  baa  developed  new  valleys  and  deepened  the  ones  then  vdgtiag,  tlierdqr 
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draining  many  of  the  lakes  partially  or  wholly.  Sedimentation  on  the  other 
hand  has  been  busy  filling  the  lakes  and  thus  destroyingr  them.   Wherever  the 

water  is  reduced  to  a  depth  of  live  feet  or  less  vepctation  lays  claim  to  the 
bed  as  a  habitat  and  thereafter  the  refuse  matter  of  the  vegetation  is  added 
to  the  deposits  of  sediment  When  a  declining  lake  reaches  the  stage  In  which 
it  is  largdy  or  entirely  filled  with  growing  vegetation  it  is  known  as  a  swamp. 
Swamps  may  originate  directly  without  being  formed  from  lakes,  but  most  of 
the  swamps  of  northern  Indiana  are  the  remnants  of  former  lakes.  The 
swamp  lands  were  very  extensive  when  the  first  white  -t  itlers  appeared.  Not 
only  in  the  northern  part  of  the  state  but  alone:  the  principal  rivers  of  the 
southern  part  as  well  was  to  be  found  much  swamp  land.  The  land  which  now 
constitutes  the  fine  bottcm  farms  of  the  Wabash  and  the  White  was  a  malaria 
infected  swamp  i  otrion  one  hundi  ed  years  ago.  Artificial  di  aina^re  has  de- 
stroyed much  of  the  swamp  land  and  changed  it  into  the  finest  farm  land  in 
Hie  world.  However,  the  remaining  swamp  land  of  the  state  greatly  exceeds 
the  lake  area  and  because  of  the  large  extent  of  the  SWamp  land  the  storage 
within  it  is  correspondingly  large. 

Another  great  reservoir  of  water  storage  is  the  great  beds  of  glacial 
sand  and  gravel  which  are  found  in  many  parts  of  the  state.  In  the  head- 
waters of  the  East  Fork  of  White  River,  in  Shelby  and  Rush  Counties,  are 
unlimited  deposits  of  this  material.  The  streams  in  this  section  are  more 
regular  in  their  flow  than  is  the  Muscatatodt  fork,  which  rises  on  the  clay 
soils  of  Jenninjjfs  and  Ripley  Counties.  Both  of  the  lake  regions  are  com- 
posed largely  of  glacial  gravels.  Wherever  these  deposits  are  found  they 
are  filled  with  water,  which  is  not  only  good  for  all  human  uses  but  also 
feeds  the  sprinps  and  streams  anrl  pives  them  permanency,  when  streams 
of  equal  or  greater  drainage  area  in  regions  with  a  clay  subsoil  are  left  di-y 
half  the  year. 

When  the  settlement  of  Indiana  hegan  about  eiK'hty-fivo  per  cent  of  its 
area  was  wooded.  This  great  forest  of  twenty-seven  thousand  square  miles 
was  principally  deciduous.  A  few  evergreen  trees  flourished  on  the  hilly 
southland  but  the  giants  among  the  trees  were  the  oak,  maple,  tulip,  syca- 
more, hickory,  ash,  elm,  linden,  walnut,  beech  and  sassafras.  The  leaf  mould 
from  these  trees,  often  with  a  thickness  to  be  measured  in  feet,  lying  in  the 
cool*  somber  protection  of  the  trees  them.selves,  formed  the  gi-eatest  water 
storage  which  this  state  ever  had.  This  is  particularly  true  of  the  southern 
pax-t  of  the  state,  in  which  there  is  practically  no  storage  at  present.  The 
settler  destroyed  much  of  this  forest  simply  to  clear  the  land  for  the  plow 
and  he  was  followed  in  more  recent  years  by  the  timber  dealer  who  has 
further  reduced  the  timberland  by  part  use,  part  waste  to  about  fifteen  per 
cent  of  its  original  extent  This  fifteen  per  cent  is  represented  by  farmers' 
woodlots.  There  is  ptactically  no  virgin  forest  in  Indiana  where  fifty  years 
ago  stood  twenty  thousand  square  miles  of  splendid  timber.  Most  of  the 
middle  aged  people  who  have  spent  part  of  their  lives  along  a  stream  of 
water  have  noticed  a  i^ri  ;it  <  haiiuc  in  the  character  of  the  stream  within 
their  memory.  A  stream  which  once  turned  a  water  wheel  continually  would 
not  now  be  available  for  power  at  all.  It  would  be  dry  for  half  tiie  year 
and  Hooded  part  of  the  other  half.  Careless  obsei  vcrs  sometimes  attribute  this 
change  to  change  in  weather  conditions  but  more  careful  observers  have  noticed 
the  di.^app(  arance  of  the  wet  mones  and  leaf  mouldB  in  the  woodlandst  along 
with  the  disappearance  of  the  woodlands  themsdves.  Artificial  drainage  has 
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bIbo  contributed  to  this  condition.  Indiana  can  never  be  restored  to  its 
former  forested  eonditloii  as  long  as  civilized  races  inhabit  it,  but  when  the 
present  race  beooHMS  more  hiK'hIy  rivilized  much  of  the  waste  land  which  is 
now  cf  no  value  whatever  will  be  reset  with  forest,  thei-eby  prcser\'ing  the 
land  as  well  as  making  it  produce  a  fast  disappearini;  commodity.  The 
reforestation  of  waste  land  in  a  subject  which  should  be  thorouw'hly  investi- 
gated, and  some  legislative  action  promoted  to  require  some  responsibility  in 
this  regard  of  the  Isnd  owners. 

Since  the  forests  have  been  destroyed  and  their  water  storage  obliterated 
the  only  storage  facility  in  parts  of  the  state  which  have  no  lakes  or  swamps 
is  the  soil,  and  underlying  roefc.  When  the  water  is  stored  in  the  soil  or 
underlying  rock,  it  constantly  escapes  by  two  means  It  jriadually  creeps 
or  seeps  out  toward  the  lower  points  of  the  land  surface.  Thus  from  the 
hilltops  there  is  a  slow  movement  of  the  ground  water  toward  the  valleys. 
The  rate  of  this  movement  depends  upon  the  steepness  of  the  slope  and  the 
character  of  the  material  through  which  it  is  moving.  It  moves  faster  on 
steep  slopes  than  on  those  less  steep,  and  in  material  eomposed  of  large  par- 
ticles and  large  interspaces  than  in  one  of  smaller  grains  and  smaller  inter- 
spaces. If  a  well  is  sunk  near  a  stream  in  alluvial  soil  the  water  will  stand 
in  the  well  at  about  the  same  level  as  in  the  river.  The  layman  thinks  that 
the  water  in  such  a  well  (uincs  from  the  river  but  in  fact  it  comes  from 
the  other  direction  entirely.  The  ground  water  from  the  hills  is  moving 
toward  the  river  and  passes  througli  the  well  en  route.  If  the  well  is  con- 
tinnally  pamped  to  its  Hmit  it  forms  a  d«prswioa  in  the  water  table  at  that 
point  and  the  grornd  water  will  flow  toward  this  depression  from  all  direc- 
tions. If  the  pumping  were  great  enough  to  lower  the  water  table  as  far 
as  the  river's  edge  then  fMxme  of  the  water  from  the  river  would  tend  to 
flow  toward  the  well.  This  would  probably  happen  in  dry  weather  when  the 
water  table  had  been  greatly  lowered. 

The  otiier  means  by  which  the  ground  water  escapes  from  the  soil  is  by 
capillarity  and  cvaporalion.  It  has  been  shown  that  the  soil  is  filled  with 
capillary  tubes  which  conduct  the  water  from  the  water  table  to  tile  surface 
where  the  atr  evaporates  it.  The  nearer  the  water  table  is  to  the  surface, 
the  faster  the  water  will  be  conducted  upward  by  capillarity.  The  loss  of 
water  from  the  soil  by  this  means  is  very  great  and  in  dry  seasons  this  loss 
marks  the  difference  between  financial  gain  or  loss  on  the  crop.  Dry  farm- 
ing methods  are  based  on  the  idea  of  preventing  as  much  as  possible  this 
loss.  The  main  idea  in  dry  faiming  is  to  keeji  the  surface  of  the  groi  nd 
tilled  constantly.  The  tilling  of  the  first  four  inches  of  the  surface  breaks 
the  capillary  system  and  prevents  the  water  from  being  conducted  entirely 
to  the  surface.  Instead  it  is  conducted  to  a  point  four  inches  beneath  the 
surface.  Whatever  evaporation  then  goes  on  must  be  carried  on  by  the  air 
whidi  penetrates  the  layer  of  loosened  earth  and  not  by  the  free  wiml  at  the 
surface.  The  penetration  of  air  to  this  de|)th  is  easily  accomplished  but  is 
a  very  slow  process  when  compared  with  the  free  movement  of  air  at  the 
surface.  Thus  the  water  acct^mulates  beneath  the  cultivated  layer  mudi 
faster  than  the  air  can  remnve  it  rnd  so  finals  itself  at  the  veiy  roots  of  the 
small  grain  plants.  Thus  cultivation  is  one  means  of  storing  the  ground 
water.  In  semi-arid  regions  such  as  Southern  California  it  is  almost  crim- 
inal for  a  farmer  to  allow  his  soil  to  cru.st  over,  fm  he  is  thereby  not  only 
lowering  the  water  table  under  his  own  land  but  tending  to  draw  down  the 
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water  table  on  all  his  neighbor's  land.  In  Indiana,  however,  the  idea  of 
keeping  as  much  of  the  land  cultivated  as  possible  has  not  become  current 
and  in  dry  seasons  the  hmd,  uncultivated  fields  act  as  veritable  aqueducts 
which  conduct  the  precious  ground  water  to  the  thirsty  atmosphere  where  it 
is  liberated,  while  the  crops  wither. 

An  intercstinp  illustration  of  the  chancre  in  condition  of  the  streams  of 
Indiana  is  well  shown  by  a  map  of  Carroll  County  which  was  drawn  and 
published  by  a  tarn  known  as  Skimier  and  Bennett  at  Delphi,  Indiana,  in 
1868.  This  old  map  was  found  by  Mr.  F.  J.  Breeze  among  a  store  of  records 
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Fis.S. 


in  the  eourt  house  at  Delphi  and  has  been  used  by  him  in  an  unpublished 

report  on  the  Ground  Water  of  a  Portion  of  Indiana.    The  reproduction  of 
this  map  (Fig.  3)  shows  tifty-three  points  where  water  power  was  used  at 
that  time.   At  the  present  time  there  are  two  mills  operated  by  water  power 
in  Carroll  County.    The.se  two  mills        located  where  the  flour  mills  in  Sn 
SS,  R.  1  £.,  T.  24  N.,  and  Sec.  34,  R.  1  W.,  T.  24  N.,  were  then  located,  it 
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is  true  that  the  sawmills  have  disappeared  becaufio  the  timber  of  this  sec- 
tion has  all  disappeared,  but  it  is  also  true  that  the  power  which  turned  the 
mills  has  disappeared  as  a  result  of  the  disappearance  of  the  forests  and  <tf 
artillclal  drainaR:c.  Thus  the  water  power  of  Carroll  County  was  used  for 
its  own  self-destruction.  While  this  condition  is  well  shown  in  the  case  of 
Carroll  County  by  this  old  map,  it  is  no  less  true  of  all  that  part  of  Indiana 
which  was  originally  covered  with  forest. 

RalnfaU. 

The  rainfall  of  Indiana  is  nonseasonal  and  very  irre^lar.    It  varies 

from  year  to  year  and  the  monthly  and  creopraphical  distribution  also  vary 
greatly.  The  U.  S.  Weather  Bureau  maintains  observation  station.s  at  sev- 
enty-one points  in  the  state  where  the  amount  of  rainfall  is  taken  daily. 
Map,  Fip.  2  shows  the  location  of  the  stations  where  observations  have  been 
made  during  all  or  a  part  of  the  time  since  1898.  The  following  table  gives 
the  paints  where  stations  are  now  in  operation  and  the  mean  monthly  and 
mean  annual  rainfall  for  each  point  since  the  station  was  started,  provided 
the  station  has  been  in  operation  for  at  least  tive  years: 

Tal)le  of  points  where  the  1    S  Weather  Bureau^maintains  rain  gaging  stations 

in  Indiana,  and  the  mean  annual  aii(i  mean  monthly  rainfall  forearh  station,  provided 
the  station  has  been  in  operation  five  years  or  longer.  The  table  is  given  in  inches 
of  rainfitil.  (*i  di  nrtii's  a  record  of  less  than  five  years.  The  means  of  the  northern, 
central  and  southern  diviHinns  arc  Kivon.  The  mean  rainfall  at  a  point  for  five  years 
or  longer  is  coiisiilered  the  notniul  rainfall  for  that  point. 
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It  will  be  noted  tliat  the  foregoing;  table  divides  the  state  into  three  divi- 
sions and  that  a  mean  for  each  division  \a  giv«iu  This  shovra  the  variation 
in  the  average  amount  of  rainfall  from  north  to  south.  Tt  i.«  found  to  vary 
from  36.30  inches  in  the  north  to  43.12  inches  in  the  south.  The  following 
table  shows  the  mean  annual  and  mean  monthly  rainfall  for  the  years  1898 
to  inclusive.    This  is  found  by  avoiapinp  all  the  records  from  ob.'^erva- 

tion  points  for  this  time.  This  sltows  May  to  be  the  wettest  month,  with 
Maidi  as  a.  elosk  second.  February  is  found  to  be  the  mtmth  of  least  rain- 
fall, with  November  slightly  greater. 
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Table  showing  mean  monthly  and  mean  annual  rainfall  in  Indiana  for  the 
yean  1896  to  1916,  inehtslYe.  This  table  is  givm  in  inches  of  rainfalL 
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Irrig:ation. 

The  subject  uf  irrigation  in  humid  lands  has  never  been  considered  to 
any  great  extoit  in  the  United  States.  A  great  (leal  haa  been  done  recently 
In  tfie  development  of  iniKalion  i)rojcct.<  in  the  arid  and  .semi-arid  regions 
of  the  west  The  problem  to  be  considered  in  this  connection  is  always  the 
cost  of  devekqnnent  and  the  increase  in  production  due  to  the  devdopment. 
In  arid  rt prions  where  the  original  fertility  of  the  land  ha.s  not  been  depleted 
and  where  the  entii-e  yield  of  a  crop  depends  upon  irrigation,  a  much  greater 
expense  may  be  incurred  in  tiie  development  than  is  permissible  in  even  a 
semi-arid  i-egrion  where  dry  farming  methods  will  u.sually  produce  a  crop.  In 
(iemi-humid  regions  such  as  we  And  in  Indiana,  where  the  farming  is  carried 
on  without  regard  for  even  dry  farming  methods  and  where  a  failure  due  to 
drought  seldom  occurs,  the  co.^t  of  any  irrigatioii  project  must  ba  low.  In 
China  where  the  climate  is  much  the  same  as  ours  there  are  many  and  wide- 
spread irrigation  projects.  These  developments  are  v«ry  old,  having  been  in 
use  for  hundreds  if  not  thnu>and.s  of  years.  These  systems  have  been  de- 
veloped with  great  effort  by  the  Chine.^c  and  the  returns  are  high.  The  land 
is  made  to  yield  even  at  thcii-  low  price:>  much  as  $200  to  $40U  per  acre 
per  annum.  This  careful  work,  both  in  providing  water  against  any  drouf^t 
and  al.so  in  caring:  for  all  fertilirincr  material,  is  nece.'^sai-y  to  the  Chinese, 
where  the  rural  population  in  .some  provinces  is  as  dense  as  is  the  popula- 
tion of  some  Indiana  dtiea.  Any  general  failure  to  the  crop  means  death 
by  ."Starvation.  The  fniTner  of  Indiana  is  never  worried  for  fear  he  will  be 
in  danger  of  starving  if  he  misses  a  crop,  but  he  knows  a  shortage  will  i-e- 
dnee  his  bank  account  or  prevent  him  from  procuring  some  of  fha  hurarlai  to 
which  he  has  been  accu.stomed.  It  is  probable  that  irrigation  could  be  proftt^ 
ably  used  in  large  farm  projects  as  it  is  by  gardeners  and  florists.  It  has 
never  been  tried  in  Indiana. 

The  most  favorable  locations  for  irrigation  projects  in  Indiana  arc  in 
the  flood  plains  of  the  river  valleys.    The  most  favorable  source  for  the 
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water  supply  is  from  small  tributary  streams  instead  of  from  the  river  itself. 

The  waterworks  i>ond  of  Indiana  University  has  a  capacity  of  40,000,000  gal- 
lons and  is  scarcely  ever  seriously  lowered  by  the  pumpinf?  of  90,000  gallons 
per  day.  It  is  desijfned  to  supply  200.000  gallons  per  day  even  in  the  driest 
year.  The  catchment  area  for  this  pond  is  200  acie.-^  ami  the  gain  or  loss 
due  to  underground  flow  is  roti^idi  ri  ri  as  negligible.  The  small  i  iin  upon 
which  this  pond  is  built  is  u  tributary  lu  Gntfey  Creek,  which  has  a  valley 
floor  in  tiiis  locality  of  a  thousand  feet,  more  or  less,  in  width  and  stretching 
down  the  stroam  to  its  moUth  some  five  miles  distant.  Suppose  this  fertile 
bottom  land  could  be  irrigated  from  this  pond  during  dry  seasons.  The  uni- 
versity pond  would  fnmish,  when  filled,  six  inches  of  available  water  to  250 
acres  of  land.  The  cost  of  the  university  dam  was  .?10.000,  fi  per  cent  of 
which  would  be  $2,400.  Su^h  a  proposition  would  necessitate  the  charge  of 
flO  per  acre  per  annum  water  tax,  which  is  too  fgnmt.  However,  a  plan 
is  possible  by  which  this  cost  can  bo  greatly  reduced.  In  thr  first  place  a 
dam  can  be  built  at  a  greatly  reduced  cost  and  also  one  that  will  impound 
very  much  more  water.  A  competent  engineer  estimated  the  ooet  of  a  dam 
across  GritTey  Creek  near  the  North  Pike,  running  north  from  Bloomington, 
at  about  |250,000.  The  pond  would  have  a  capacity  of  1,000,000,000  gallons. 
This  amount  of  water  would  irrigate  6,130  acres  to  a  depth  of  six  inches, 
which  would  be  sufficient  for  ninety  days  continual  drought.  At  $4  per  acre 
the  inoonio  would  be  suflTicient  to  pay  fi  per  rent  on  investment  and  create 
a  sinking  lund  of  $9,500  per  year,  which  would  pay  lor  tlie  investment  in 
twenty-six  years.  If  intensive  farming  methods  were  practiced  on  the  land 
in  GrifToy  Creek  valley  to  its  mouth  and  in  Bean  Blossom  valley  to  the  limit 
of  6,130  acres,  attention  being  given  to  raising  of  vegetables  which  could  be 
canned,  the  water  tax  of  M  per  year  per  acre  would  net  several  times  that 
amount  in  increased  yield.  Such  a  project  wouM  eliminate  the  possibility  of 
a  crop  failure  for  want  of  water  and  the  storage  capacity  of  the  pond  wov-ld 
tend  to  lessen  the  danger  of  destructive  floods.  However,  Griffey  Creek 
valley  is  narrow  and  therefore  offers  small  storage  facilities.  Theie  are 
many  places  in  Indiana  where  better  storage  facilities  can  be  found  above 
land  which  could  he  profitably  irrigated. 

The  Tippecanoe  River  offers  an  opportunity  for  irrigation  on  a  large 
scale  by  the  erection  of  a  diversion  dam  in  the  vicinity  of  Oakdale  and  a 
feeder  canal  along  the  west  bluff  leading  into  the  Wabash  valley.  By  refer- 
ence to  the  data  on  the  Tippecanoe  River,  pages  872  to  882,  it  is  seen  that  the 
fall  from  Oakdale  to  the  mouth  of  the  Tippecanoe  River  is  thirty-rine  feet, 
the  distance  seventeen  miles  and  the  minimum  discharge  at  Springboro  269 
second  feet.  If  a  diversion  dam  were  built  and  the  water  carried  the  seven- 
teen miles  with  a  fall  of  six  inches  per  mile  in  the  canal,  it  would  reach  the 
valley  of  the  Wabash  .'JO'ii  feet  above  the  level  of  the  water  at  the  mouth  of 
the  Tippecanoe.  Thi.<;  docs  not  make  any  aUowanoe  for  the  height  of  the 
dam,  which  would  raise  it  correspondingly.  This  elevation  wovld  throw  the 
water  above  much  of  the  bottom  land  of  the  Wabash  valley  and  if  the  canal 
descended  the  Wabash  valley  the  elevation  above  the  river  would  gradually 
increase.  Tf  the  average  discharge  of  the  Tippdanoe  for  any  three  months 
at  Oakdale  is  considered  as  300  second  feet,  which  is  considerably  under- 
estimating it,  the  entire  discharge  for  the  ninety  days  would  be  2,332,800,000 
cnUc  feet.  This  discharge  would  be  deliveied  in  a  continuous,  fairly  uni- 
form flow  in  time  of  drought.   It  would  be  sufficient  to  furnish  six  inches  of 
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water  to  107407  <«ver  167  square  miles.  It  would  thus  be  more  than 

sufficient  to  irrijrate  all  the  bottom  land  to  which  it  could  be  directed  alonp 
the  Wabash  iiiver.  The  agricultural  bottom  and  terrace  land  along  the 
Wabash  from  the  mouth  of  the  Tippeeanoe  to  the  state  line  is  estimated  at 
ubout  100  square  miles.  If  fifty  square  miles  of  this  lund  lies  on  the  west 
side  of  the  stream  and  is  thus  available  for  irrigation  from  the  proposed 
canal,  slightly  txwa  twenty  inches  of  water  would  be  available  for  any  ninety 
days  of  oontinuoua  drought.  Tl^i:.  is  BMie  tiian  tiiree  times  aa  mndi  as 
needed  but  since  no  reduction  h:i>  been  made  for  leakage  and  evaporation 
those  losses  would  come  out  of  the  surplus.  The  entire  length  of  a  cunal 
from  Oakdale  to  the  state  line  would  be  approximately  l')0  miles.  If  the 
average  cost  of  construction  be  considered  at  $4,000  per  mile,  the  entire  cost 
would  be  1600,000,  which  would  be  less  than  $20  per  acre  for  the  land  to  be 
irrigated.  A  water  tax  of  one  dollar  per  acre  per  year  would  yield  over 
five  per  cent  on  the  investment.  The  co.st  of  upke^  and  operation  has  not 
been  considered  in  these  estimates.  The  upkeep  should  be  small  if  the  canal 
were  well  constructed  in  the  beghnnine,  for  that  part  of  the  canal  whidi 
would  lie  within  the  Wabash  valley  would  he  above  the  usual  hi^^b  .vater 
mark.  The  greatest  danger  from  floods  would  occur  in  the  Tippecanoe  valley. 
The  coat  of  operation  and  upkeep  should  not  exceed  $50,000  per  year.  During 
the  remainder  of  the  year  when  no  irriijation  was  needed  the  canal  would 
famish  three  hundred  second  feet  of  water  at  the  state  line  with  a  head  of 
about  fifty  feet  This  woold  develop  over  1^00  horse  power.  WHii  Terre 
Haute  as  a  convanient  point  for  the  sale  of  this  power,  the  cost  of  upkeqp 
on  the  entire  proposition  would  be  met  by  the  sale  of  pow^cr.  Such  a  propo- 
sition would  necessitate  the  installation  of  auxiliary  steam  power  to  the  ex- 
tent of  the  power  produced  by  water.  The  gage  at  Terre  Haute  shows  the 
stage  of  the  river  during  the  flood  of  March,  191."'.,  to  have  been  ISO. 8  feet  at 
the  highest,  and  the  reading  practically  represents  the  stage  above  low  water 
markt  for  the  lowest  record  is  less  than  a  foot  below  zero  of  tiie  gage.  Thus 
the  proposed  power  plant  at  the  ."state  line  would  be  located  about  twenty  feet 
above  the  high  water  mark  reached  in  1913,  which  is  the  highest  known  record. 

A  farmer,  near  the  mouth  of  the  Tippeeanoe  River,  in  conversation  with 
the  writer  in  the  autumn  of  inifi  ronrt  rning  a  field  of  corn  which  would  fall 
within  the  proposed  irrigation  project,  said:  "Last  year  that  field  produced 
sixty  bushels  per  acre,  but  this  year  it  is  running  about  thirty."  When  asked 
for  the  cau.sc  of  thr  i-eductlon,  he  said  that  it  had  been  too  <iry  ilurin;;  1916. 
He  had  lost  thirty  bushels  of  com  per  acre  and  his  cost  of  planting  and 
tending  had  not  been  any  less  than  during  the  previous  year.  His  cost  of 
harvesting  and  marketing  would  be  less  to  the  extent  of  piobably  $2.r>0  per 
acre,  but  the  thirty  bushels  of  com  at  the  current  price  (1916)  would  bring 
more  than  $40,  which  would  pay  a  water  rental  of  $2  per  acre  per  year  for 
twenty  years.  There  is  little  doubt  that  the  yield  of  sixty  bushels  which  he 
produced  in  1915  could  have  been  increa.sed  by  the  application  of  water  some- 
time during  the  growing  and  maturing  season.  There  are  very  few  seasons 
when  com  would  not  be  benefited  by  ttie  application  of  water  at  critical  times. 


Artificial  light  and  heat  are  of  equal  importance  with  food,  clothitip  and 
shelter  to  the  human  race  in  this  latitude.    The  common  .sources  of  our  arti- 
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fidal  light  and  heat  are  wood,  eoul,  oil.  and  rus.  Wood  has  been  abandoned  as 
a  means  of  hoatinjr  oxrrpt  for  family  u^e  and  in  very  .^small  manufacturinR 
plantii.  The  di.sap  pea  ranee  of  our  forests  and  the  slow  growth  of  forest  ti-eeK 
make  any  attempt  to  produce  fuel  on  a  large  scale  from  this  source  impractical. 
Authorities  on  coal  have  stated  that  the  available  supply  of  coal  will  last  but 
a  short  time,  at  most  a  few  centuries  with  the  present  rate  of  pioduction  and 
increase  of  production.  Gas  and  oil  fields  have  been  found  to  be  even  shorter 
lived  than  coal  fields.  The  weight  of  authority  hcenis  to  iniir.ifi'  ih:it  at 
the  present  rate  of  consumption  the  next  two  centuries  will  practically  exhaust 
these  fvmr  common  fuels.  A  proper  conservation  of  the  present  supply  will 
KTMltiiy  Increase  the  life  of  these  fuels,  but  with  the  present  increasing  demand 
for  power  the  final  exhaustion  is  but  a  matter  of  time.  In  the  face  of  tllis 
situation  the  question  naturally  arises  as  to  the  means  of  supplying  this  de* 
fldency.  Among  the  means  suggested,  the  most  plausible  ones  are  direct  sun- 
light, wind  power  and  water  power.  At  the  present  time  little  has  been  done 
along  the  line  of  the  direct  sunlight  engine.  However,  it  is  possible  and  prob- 
able that  an  engine  may  be  invented  which  will  run  for  practical  purposes 
by  direct  sunlight.  It  is  known  that  the  .'^unlipht  that  falls  on  the  roof  of 
an  ordinary  factory  is  sufficient  to  produce  more  power  than  is  used  in  the 
factory.  If  an  engine  could  be  invented  which  would  successAiIly  concentrate 
and  utilize  this  heat,  it  would  .still  be  necessary  to  store  the  power  for  u.se 
daring  the  tiou  when  the  sun  is  not  visible.  This  could  probably  be  done  by 
a  more  hiKlily  perfected  ^rpe  of  Storage  battery.  Wind  power  haa  been  uaed 
for  an  indefinite  time  as  a  means  of  propelling  pumps  and  other  machinery 
that  require  but  little  power.  Attempts  to  use  wind  power  on  a  larpe  scale 
have  always  proved  unsuccessful.  It  is  even  more  inconsUuit  than  sunlight. 
Because  of  the  inconstancy  of  both  wind  and  sunlight  It  is  probable  that  neither 
will  ever  be  usorl  for  large  .scale  power  purposes. 

Water  power  has  long  been  used  for  practical  purposes.  Before  the  use 
of  steam  it  was  the  propelling  power  of  small  mills  and  many  of  these  mills 
are  still  in  use.  Water  power  is  inoxprnsivo,  pt  i]ietual,  and  requires  less  at- 
tention than  other  power  when  it  is  once  properly  installed.  While  the  water 
power  of  Indiana  must  be  used  on  a  low  head,  it  is  a  resource  from  which  thou- 
sands of  dollars  could  be  rralizi  d  if  it  were  propei  ly  installed  and  utilized. 
The  New  York  Water  Power  Commis;>ion  estimates  a  saving  over  steam  in  the 
State  of  New  York  by  the  development  oi  additiomd  water  power  through 
reservoirs  of  twelve  dollars  per  hone  power  per  annum.  It  requires  at  least 
ten  tons  of  coal  to  produce  a  horse  power'  for  a  year.  If  Indiana  could  .sub- 
stitute 50,000  horse  power  of  water  {lower  for  us  much  now  produced  by  steam, 
which  in  all  probability  could  be  done,  it  would  mean  a  saving  of  500,000  tons 
of  coal  per  annum  in  addition  to  the  .Sl'i.OO  per  horse  power  saved  by  the 
substitution.  This  would  be  of  great  economic  importance  in  increasing  the 
life  of  coal.  The  amount  of  developed  water  power  in  Indiana  at  the  minimum 
stage  of  the  streams  upon  which  the  power  is  developrd  between  .seven  and 
eight  thousand  horse  power.  At  present  there  is  much  interest  in  water 
power.  The  valuable  farm  lands  in  the  valleys  of  the  Wabash  and  White 
rivers  are  a  great  hindiance  to  the  full  development  of  the  water  power  o£ 
the  state.  If  in  the  future  the  fuels  are  exhausted  and  the  use  of  direct  sun- 
light is  not  found  to  be  fea.sible,  the  lowlands  along  the  rivers  will  be  con- 
demned and  used  for  .storage  basins  for  water  for  power  purposes.   Until  the 
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demand  for  power  becomes  imperative  the  entire  water  power  of  the  state  will 
not  be  developed. 

A  proper  development  of  the  water  power  of  Imliana  woulil  brin^r  ahout 
several  important  results.  The  navigation  facilities  would  be  greatly  in- 
creased, the  increased  storage  would  tend  to  purify  the  .water,  and  the  reser- 
vation of  wafer  in  the  stnrajro  basins  would  tend  to  lessen  the  flamape  wroupht 
by  floods.  The  three  problems — water  power,  navigation  and  protection  from 
floods,  are  very  closely  related.  The  great  problem  in  each  case  is-  to  bring 
about  a  re>rulnr  stream  flow.  The  following  statement  of  Van  Hise  bears 
direetly  on  this  point: 

"The  greatest  difficulty  of  navigation  is  the  unecjual  .stream  How.  At  one 
time  the  stream  Is  In  flood,  overflowlnmr  its  banks,  rolling  down  with  great 
velocity  toward  the  sea;  at  another  timr  it  i-  comparatively  small,  indeed  often 
being  divided  into  several  .small  &tream.s  trickling  over  its  bed.  The  condi- 
tions in  either  case  are  not  favorable  to  navigation;  in  the  first,  because  of 
the  velocity  of  the  stream,  and  in  the  second,  insuflkient  depth  to  carry  a 
vcsseL  In  the  projected  improvemeiits,  according  to  Leighton;  the  Arst  and 
most  important  step  is  to  so  control  the  streams  as  to  get  a  nearly  uniform 
flow. 

"The  holding  of  flood  waters,  and  therefore  securintr  preater  rei^ularity, 
may  be  accompli.shid  to  a  considerable  extent  by  levees  on  each  -side  of  the  river 
banic  at  some  distance  from  the  low  water  river  channel,  so  as  to  malce  a 
basin.  At  time  of  flood  the  water  rise^  above  the  hanks,  and  .so  makes  be- 
tween the  levees  a  long,  narrow,  temporary  Jake  which  may  require  several 
days  to  fill  and  empty.  Such  intermittent  levee  reservoirs  prevent  damage 
from  floods  and  to  a  rea.sonable  extent  regulari/.f  thr  flow  of  the  stream. 

"In  many  cases,  in  addition  to  the  system  of  levees  .such  as  indicated,  it 
wHl  be  necessary  to  constrtiet  at  the  headwaters  of  the  great  navigable  stnam 
adequate  systems  of  reservoirs.  We  have  seen  that  the  development  of  reser^ 
voirs  is  of  immense  importance  with  leference  to  water  power.  Also  it  is  of 
equal  importance  with  reference  to  navigation." 

It  is  probable  that  the  rivers  of  Indiana  will  never  be  made  use  of  for 
navigfation  on  any  large  scale.  The  only  ncivipation  now  carried  on  is  that  of 
motor  bouts  and  house  boats.  The  lower  Wabash,  lower  White  and  St.  Joseph 
are  the  only  streams  on  which  these  are  seen.  However,  if  the  streams  were 
of  more  uniform  volume  the  use  of  these  craft  for  pleasure  and  fishing  •pur- 
poses would  be  greatly  encouraged.  The  greatest  neetl  for  storage  in  Indiana 
Is  because  of  the  flood  conditioius.  This  i.s  shown  by  a  compari.son  of  the  St. 
Joseph  Iliver  with  the  White  or  lower  Wabash.  The  St  Joseph  rises  in  the 
lakes  of  Michiiran  an'!  northern  Indiana  and  never  has  destructive  floods  as 
do  the  streams  of  southern  Indiana.  The  Niagara  is  an  extreme  example  of 
the  effect  of  storage.  It  fluctuates  but  a  few  indies  in  the  wettest  and  dryest 
weather. 

The  most  rea.sonable  project  for  controlling  tloo<l.s  seems  to  be  the  self- 
oontrolling  dam  scheme.  At  a  favorable  point  on  the  river,  disdiarge  measure- 
ments are  taken  at  time.^  of  rca-onahle  flood,  that  is  a  flood  which  is  outside  the 
river  bunks  but  not  with  damaging  eilect.  At  this  point  a  dam  is  built  which 
has  vents  to  allow  the  amount  of  mea.<nired  discharge  to  escape  but  to  retain 
the  discharge  in  excess  of  tliis  amount.  The  main  vent  should  be  over  the 
stream  channel,  and  others  for  roads,  etc,  if  convenient  or  necessary.  The 
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heiRht  of  the  dam  should  be  novei  tKHi  by  the  amount  of  storajre  necessary 
nnfl  by  the  cornlitions  above  tin  ilum.  The  essential  jwint.s  in  Nelectinj;  a  site 
for  Mucli  a  projoct  would  bo  Ihul  there;  .should  be  a  comitriction  in  the  valley 
and  a  wide  valley  above  in  which  is  situated  no  tiown  and  no  homes  thai  eould 
not  he  plarefl  above  dam  level.  In  nrdinnry  we.ithrr  the  stream  would  flow 
through  the  dam  just  as  it  had  Howed  before  the  dam  was  there.  So  it  would 
flow  until  the  discharire  becomes  fpreater  than  the  capacity  of  the  vent.  When 

the  prccipitatinn  n  aseil  the  >tieani  would  continue  to  dischar^re  as  much  as  the 
vent  would  accommodate  until  the  pond  was  reduced  to  ordinary  flood  stai^ 
This  arrant^ement  would  take  the  crest  off  the  flood  below  the  dua  and  if  sev- 
eral 8uch  reservoirs  were  located  in  the  headwaters  of  a  larse  Stream  it  would 
do  much  to  take  the  crest  off  the  floods  on  the  whole  stream.  The  project 
would  necessarily  have  to  be  carried  out  by  the  government.  The  occupants 
of  the  land  within  the  pond  area  would  both  lose  and  gain  by  the  presence 
of  the  yinnd  The  loss  of  crop  would  not  be  much  greater  than  if  the  dam 
were  not  present,  for  the  dam  is  not  calculated  to  restrict  the  water  until 
after  the  river  has  reached  ordinary  flood  stage;  and  crops  are  destroyed  in 
any  case  when  streams  no  above  ordinary  flood  .-tajie.  The  water  would  rise 
higher  on  the  river  blutTs  behind  the  dam  and  thus  the  occupant  would  need  to 
remove  his  possessions  above  the  level  of  the  dam.  The  restriction  of  the 
water  would  tend  to  keep  it  from  washing  except  at  the  points  where  the  vents 
are  placed.  These  places  could  be  protected  by  concrete  aprons.  The  water 
would  deposit  sediment  within  the  pond  area  which  would  increase  the  fertility 
of  the  land. 

Another  proposal  wluch  would  do  much  to  allay  the  destructiveness  of 
doods  is  that  of  reforc.stinK  waste  lands.  No  survey  has  been  made  in  the 
&tate  to  determine  how  much  land  could  be  reforested.  The  principal  part 
of  the  waste  land  of  the  state  lies  in  the  southern  part  where  the  prevention 
of  floods  is  most  needed.  In  general  the  reforestation  of  waste  land  with  tim- 
ber which  is  quicic  growing  and  useful  at  an  early  age  would  be  a  good  finan- 
cial investment  even  without  considering  its  effect  upon  floods.  The  rate  at 
which  the  timber  is  being  cut  and  the  price  to  which  timber  products  have  ad- 
vanced offers  profitable  returns  on  capital  which  eould  be  invested  in  the 
reforestation  of  waste  land.  The  black  locust  tree  is  probably  best  adapted 
to  this  purpose.  Tt  is  (juick  >rrowiiig,  beneficial  to  the  soil  in  which  it  grows* 
and  is  one  of  the  best  of  timbers  for  posts  and  railroad  ties. 

City  Water  Supply. 

Water  for  domestic  purposes  should  be  free  f^om  organic  impurities  and 

objectionable  mineral  matter.  Nature  sometimes  furnishes  water  which 
leaves  nothing  to  be  desired  in  these  respects.  Such  water  is  usually  derived 
from  the  underground  supply  or  from  mountain  streams.  Since  there  are  no 
mountain  streams  in  Indiana  the  only  source  of  pure  water  without  artificial 
treatment  is  from  ground  water.  In  many  parts  of  the  state  the  supply  of 
underground  water  is  limited  in  amount  and  therefore  insuflicient  for  the  use 
of  large  cities.  For  this  reason  mas^  cities  are  forced  to  draw  their  sap- 
ply  from  ^<1:eam-  and  lakes.  This  ^urface  supply,  especially  from  the  streams, 
is  liable  to  be  polluted  with  sewage  and  as  the  population  increases  the  dangler 
of  poUntioti  gvows.  There  are  drcomstanees  under  which  it  Is  neeessavy  to 
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use  bud  wutcr  or  none  at  all,  and  in  suck  cases  Komc  means  of  puTifleation  must 
be  devised.  This  responsibility  falls  upon  the  individual  or  corporation  which 
furnishes  the  water,  although  the  responsibility  is  not  always  met.  Thus  the 
purpose  of  a  city  water  corporation  is  to  furnish  pl«ity  of  pure  water  to  indi- 
viduals  desiring  it. 

In  i.solated  dwellinj^s  and  in  villages  and  small  towns  not  yet  provided  witli 
a  public  water  supply,  drinking  water  must,  us  u  rule,  be  obtained  either  by 
eoUectinff  tlie  rain  water  from  the  roofs  or  by  sintdnff  wells.  Because  of  the 
superior  qualities  of  the  ground  water,  namely,  clearness  and  coolness,  the  well 
water  is  usually  preferred.  Too  often  the  location  of  the  well  is  determined 
merely  by  eonvenienee  and  without  any  thought  of  sanitary  conditions.  Thus 
it  is  often  located  near  a  privy,  re.-spool,  stable  or  barn.  Because  of  the 
draught  of  water  from  the  well,  the  ground  water  table  is  slightly  lowered 
about  tiw  w«n  and  the  snund  water  on  all  sides  toids  to  flow  in  tiiat  diree>  • 
tion.  Thus  it  is  merdy  a  question  of  time  when  the  well  will  receive  water 
from  the  neighboring  source  of  pollution.  On  the  other  hand  a  well  may  re- 
main pure  when  surrounded  by  sources  of  pollution  for  great  lengths  of  time, 
when  it  seems  well  nigh  impossible  for  it  to  do  .so.  Chemical  and  bactcriolo^ 
ical  examination  is  the  only  means  of  determining  when  a  well  is  polluted,  un- 
less the  pollution  is  very  pronounced. 

The  solid  content  of  water  exists  eitiier  in  suspension  or  solution.  The 
suspended  matter  may  be  organic  or  inorganic.  The  ortranic  matter  may  be 
either  animal  or  vegetable.  The  method  of  determining  the  presence  of  these 
is  of  value  in  connection  with  the  possible  means  of  sedimentation  and  filtra- 
tion. To  determine  the  amount  of  suspouled  matter,  a  filter  paper  is  dried 
at  1(H)°C  and  weighed.  A  carefully  measured  amount  of  water  is  passed 
through  the  paper,  which  is  again  dried  at  lOO'C  and  weighed.  The  differ- 
ence in  weight  is  the  weight  of  the  suspended  matter.  The  paper  and  residue 
are  then  ashed  and  the  woi^'ht  of  the  combined  nsh  minus  the  weight  of  the 
ash  of  the  paper,  which  is  known,  is  the  weight  of  the  inorganic  portion  of  the 
su^ended  matter.  Vnious  other  tests  are  made  to  determine  the  settling  qua!- 
ities  of  the  su.spended  matter  and  whether  the  organic  part  is  of  animal  or 
yegetable  origin.  The  amount  of  suspended  matter  is  expre^^sed  as  parts  per 
million  whieh  is  also  the  number  of  milligrams  per  liter  of  water. 

Most  of  the  chemical  tests  are  conducted  by  titrating  methods.  The  de- 
tails of  these  tests  may  be  found  in  any  good  textbook  on  water  analysis.  The 
tests  are  iBually  made  for  total  solids,  free  yiwwKyn'",  alhnmenoid  ammonia, 
chlorine,  nitrogen  as  nitrites  and  nitrogen  as  nitrates.  The  presence  of 
chlorine  is  alway.s  looked  upon  with  suspicion.  While  common  salt  is  in  itself 
entirely  harmless  in  quantities  commensurate  with  the  chlorine  usually  found 
in  water,  yet  its  presence  indicates  that  it  may  have  come  from  household 
sewage.  It  may  be  that  the  salt  came  from  a  somro  that  is  entirely  unob- 
jectionable but  its  source  should  be  known.  The  occurrence  of  any  of  the 
constituents  mentioned  in  great  quantities  is  always  questionable.  However, 
no  fixed  standard  has  ever  been  agreed  upon  by  chemists,  because  an  analy.^is 
which  would  condemn  a  water  from  one  source  would  not  indicate  objectionable 
impurity  in  water  from  another  source. 

Perhaps  the  most  trustworthy  means  of  determining  the  purity  of  a  given 
sample  of  water  is  by  a  bacteriological  examination.  The  most  critical  chem- 
ical analysis  will  seldom  reveal  anything  more  than  the  sources  and  amount  of 
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food  supply  for  the  pathoKenic  organiMins  which  may  exist  in  very  large  nam- 
bers.  It  is  then  the  bacteriologist  who  mu<i  make  the  final  examination  and 
give  the  final  verdict.  The  tet^t  rno^t  commonly  used  is  the  Koch  Culture 
Media  Test.  Koch  early  observed  that,  if  a  potato  were  sliced  and  kept  in 
a  warm,  even  temperature  for'  a  few  days,  the  mieroseopc  would  !<  \cat  :m 
abundance  of  micro-orguniitms  which  had  developed  thereon.  This  and  similar 
experiments  led  to  the  use  of  the  gelatin  peptone  solid  medium  as  a  means  of 
cultivation  of  bacteria.  The  water  is  collected  in  a  sterilized  bottle  and  kept 
plugged  with  sterilized  cotton  wool.  Definite  amounts  of  thii>  sample  are  then 
introduced  into  sterilised  flasks  or  test  tubes  and  kept  in  an  oven  of  constant 
temperature  for  about  five  days.  The  culture  media  are  then  removed  and 
examined  under  a  microscope  to  determine  the  colonies  of  bacteria  produced. 
In  actual  practice  the  slides  are  either  prepared  permanently  or  phuto^raphic 
,  •  records  are  kept. 

Previous  to  Koch's  experiments  it  was  supposed  that  any  treatment  which 
rendered  the  water  chemically  pure  also  rendered  it  practically  pure  oiKun- 
icaOy.  Since  Koch's  experiments  this  has  been  found  to  be  not  strictly  tlie 
case.  In  general,  however,  it  may  be  said  that  a  water  Which  tests  satis- 
factorily from  the  bacteriologist's  standpoint  is  safe. 

Filtration  has  long  been  practiced  as  a  means  of  purifying  water  for 
domestic  use.  Sand  has  alway-  Vm  u  u nl  for  filtering  purposes  because  it  is 
usually  cheap  and  convenient.  In  fact  sand  is  a  very  poor  filter  material. 
The  following  analysis  of  water  before  and  after  sand  filtration  will  illustrate 
tlie  point: 


Table  showing  the  effect  of  sand  filtration  upon  river  water— expressed 
in  parts  per  miUion: 


Before 

After 

262.00 

  1.23 

1.11) 

  0.25 

0.22 

  0.00 

0.00 

0.89 

1.11 

  1«.00 

16.00 

The  slight  change  in  the  composition  of  the  water  here  indicated  led  to 
tiie  bdief  that  sand  filtration  would  probably  not  be  effective  in  talring  oat  dis- 
ease  trerms.  Direct  tests  proved  this  to  be  tKc  ca.-o.  While  the  filtration  of 
the  above  sample  shows  little  eifect,  nevertheless  on  other  samples  it  shows 
mttdi  more  marked  effects.  The  above  sample  was  a  comparatively  clear 
water,  most  of  the  solid  matter  beinii;  in  solution.  The  filter  produces  a  much 
greater  change  when  the  solid  matter  is  largely  in  suspension.  However  the 
change  in  such  cases  is  almost  entirely  in  the  inorganic  constituents  of  the 
water. 

In  localities  where  there  is  a  public  water  supply,  it  is  without  doubt 
the  duty  of  the  water  board  or  company  to  deliver  the  water  to  the  consumers 
in  a  condition  fit  for  household  use.  If  filtration  is  absolutely  necessary,  it 
should  be  done  on  a  larpe  scale  by  the  authority  controlling:  the  woi  k.  Prac- 
tically, however,  in  the  case  of  most  existing  water  supplies,  the  water  as  sup- 
plied to  the  consumer  may  be  appredably  improved  by  filtration.  Housdiold 
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filtration  i.<  often  ntccssuiy  in  coantry  residences  and  in  the  smaller  towns, 
where  theic  is  no  public  supply,  and  where  it  is  necessary  to  use  rain  water 
which  has  been  stonvl  in  tatiks  and  ciFtern  . 

For  filtration  on  the  household  smle,  numerous  devices  have  been  devised 
and  patented  and  a  jrreat  variety  of  materials  has  been  propose<l.  Some  of 
tho  matciials  are:  various  sorts  of  porous  stone,  sand,  powdered  jflass,  brIck, 
iron  turninKs  and  iron  in  other  foims,  vegetable  and  animal  rharcoa!,  sponpe, 
wool,  flannel,  cotton,  straw,  sawdust,  excelsior,  and  wire  guuze.  A  material 
suitable  for  a  household  filter  must  not  omniunicate  any  injurious  or  offensive 
quality  to  the  water  which  passes  throujrh  it,  it  mu.-t  remove  from  the  water 
all  suspended  matter  and  leave  the  water  bright  and  clear,  and  it  must  be  of 
a  materia]  which  can  either  be  readily  cleaned  or  speedily  renewed.  It  is  quite 
trenei  ally  conceded  that  on  tho  whole  there  is  nothing  better  suited  for  filter- 
ing purposes  than  well  burned  animal  charcoal.  This  material  possesses  great 
power  of  removing  organic  matter  from  .solution  and  is  used  in  the  arts  to 
decolorise  solutions.  On  many  organic  matters  it  acts  not  simply  by  adhesion 
but  apparently  by  iii  iii^'iii^'  them  into  contact  w'th  oxyppn  and  thus  entirely 
destroying  them.  Its  power  does  not  la.st  indcfinitLly  and  a  bone  coal  filter, 
like  any  other  Alter,  requires  deansiner  or  renewal  at  proper  intervals. 

Of  the  numerous  devices  for  retaining  the  filtering  .-iubstance  we  will  first 
consider  the  smallest  tyi)e,  that  which  is  to  be  attached  to  the  faucet,  where 
the  water  is  brought  in  pipes  either  from  the  service  mains  of  a  general  sup- 
ply or  from  a  tank  in  the  building.  Considering  the  amount  of  water  that 
must  flow  thromrh  a  vory  limited  amount  of  material,  no  filter  capable  of 
being  .screwed  upon  an  ordinary  water  tap  can  act  in  any  other  way  than  as 
a  strainer,  and  all  that  can  be  required  of  such  a  filter  is  that  It  shall  remove 
suspended  particles,  and  he  readily  cleansed  or  n  newed  at  trifling  expense. 
The  older  forms  which  could  be  cleansed  only  by  unscrewing  from  the  tap  and 
reversing  dther  the  whole  apparatus  or  some  inside  receptacle  of  the  filtering 
medium,  were  all  open  to  objection  and  no  one  of  them  is  to  be  recommended 
as  superior  to  the  primitive  and  unpatentable  device  of  attaching  to  the  faucet 
a  bag  of  eotton  flannel  to  be  fre<|ii(  ntly  washed  and  renewed. 

The  so-called  portaUe  filters  arc  intended  to  occupy  a  permanent  position 
in  the  room,  or  in  some  cases  to  be  placed  in  the  tank  fiom  which  the  supply 
is  drawn.  Sand  ha.s  been  more  generally  u.sed  than  other  materials  in  these 
fillers  altliough  Certain  kinds  of  very  porous  sandstone,  pumice  stotie,  and  un- 
glazed  earthenware  are  much  u»e(l  and  have  the  advantage  of  permanency 
of  shape.  Slabs  of  this  material  are  used  as  partitions  in  a  box  or  tank.  The 
action  is  in  the  main  mechanical.  The  material  collects  on  the  upper  or  fur- 
ther side  of  the  block  of  ston(>  and  is  occasionally  removed  by  washing.  A 
material  which  is  used  to  a  considerable  extent  in  London  is  the  so-called  sil- 
icate of  carbon.  It  is  the  residue  of  the  distillation  of  certain  varieties  of 
bituminous  shale.  In  the  common  form  of  household  filter  using  this  material, 
it  is  cemented  as  a  partition  in  an  earthen  jar  and  is  not  readily  cleaned, 
but  there  is  no  doubt  that  until  the  filter  becomes  clogged  it  is  very  efiicient 
in  purifying  water  even  from  the  dis.solved  organic  matter. 

In  another  type  an  earthenwaip  box  is  filled  with  animal  charcoal  In  the 


form  of  charred  bones  broken  into  small  bits  and  freed  from  dust.  There  is 
no  duunbnr  for  storing  the  filtered  water,  and  the  water  is  filtered  at  the 
tine  it  is  drawn  off  for  lise.  The  filter  is  readily  cleansed  and  the  chareoai 
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renewed.  The  water  Alters  upwurd  through  the  tilterinK  material  in  order 
that  the  matter  spontaneously  settling  down  may  not  be  deposited  upon  the 
filtering  mnteiial  and  may  not  lh<T.'fore  help  to  eloK  its  petres,  and  further  in 
ordpr  that  tht-  suspended  malttT  .strained  from  the  water  may  tend  to  fall 
away  from  the  .-^urface  and  be  dcpo.sited  elsewhere.  Thus  the  filtering  mate- 
rial requires  less  frequent  rleansing. 

Anntbt  r  mntorial  which  has  been  userl  with  very  fav<ir:il)l('  rosults  is  what 
is  known  as  spongy  iron.  The  water  is  supplied  from  an  inverted  bottle,  which 
may  be  inpt  fiHed  by  beinir  connected  with  a  service  pipe  regulated  by  means 
of  a  ball  cock  attachment.  In  this  filter  it  is  claimed  that  a  considerable  por- 
tion of  the  dissolved  organic  matter  is  removed  and  that  bacteria  are  com- 
pletely removed. 

Wood-charcoal  is  sometimes  u.sed  in  household  filters,  but  it  has  little  or 
no  chemical  action.  It  does  little  more  than  remove  suspended  matter  and  it« 
usefulness  for  that  purpose  is  of  short  duration. 

The  collection  of  water  from  the  roofs  of  houses  involves  the  collection  of 
dust  and  dirt  more  or  less  objectionable  in  rharactcr,  especially  where  coal 
is  burned.  .Although  it  is  possible  by  mt^chanical  contrivances  to  avoid  collect- 
inir  the  first  portion  of  water  coming  from  the  roof,  yet  these  do  not  perfectly 
accomplish  their  object  and  are  not  at  all  commonly  employed.  Moreover, 
the  constnicticm  ai  ordinary  cisterns  is  tuch  that  after  the  water  Is  once  col- 
lected It  la  Uabte  to  deterioration  and  to  contamination  by  various  foreiKii 
matters  which  may  fall  into  it,  so  that  filtration  if  not  absolutdy  neces-sary  is 
certainly  ver>'  desirable.  Underground  cisterns  are  sometimes  constructed  so 
that  the  water  is  not  drawn  directly  from  the  cistern  itself  but  from  a  pump 
well  to  enter  which  the  water  mii-t  pa.ss  through  a  wall  of  porous  brides. 
When  the  wall  is  ntw  it  is  without  floubl  of  much  service  but  it  soon  becomes 
clogged  and  covered  on  the  outside  with  a  coating  of  organic  matter,  so  that 
after  a  time  the  water  which  passes  throuKh  the  brick  wall  must  first  have  an 
opportunity  to  leach  what  it  ran  from  this  mass  of  decaying  matter.  As  a 
rule  the  interiors  of  cisterns  are  not  very  accessible  and  when  the  cistern  is 
relied  upon  as  the  sole  or  principal  supply  for  the  household  it  is  impossible  to 
renew  frequently  the  filterintr  wall  or  even  to  thoroughly  clean  the  surface. 
If  the  body  of  the  cistern  be  divided  by  a  partition  wail  into  two  compartments 
which  can  be  made  to  communicate  or  not  at  will,  the  two  maiy  be  cteaned  at 
different  times  and  thus  the  danger  of  water  famine  be  averted. 

Water  on  a  large  scale  is  usually  filtered  in  one  of  three  ways,  or  by  .some 
combination  of  the  three.  The  three  ways  are  filtration  by  sedimentation,  by 
chemical  means  or  by  the  sand  process. 

When  a  stream  or  other  body  of  surface  water  is  u<ed  as  the  .source  of 
supply,  it  is  best,  from  a  sanitary  point  of  view,  to  pump  directly  from  the 
source  into  the  distribution  without  the  Intervention  of  settling  basins  and 
re,ser\'oirs.  This  is,  however,  not  ircnpially  practicable.  In  .<omr  ca>es  the 
generally  or  occasionally  turbid  character  of  the  water  renders  sedimentation 
necessary  and  in  other  cases  storage  basins  are  necessary  in  order  that  the 
stream  may  furnish  a  suflficient  quantity  of  water  during  a  dry  .season.  The 
particles  of  suspended  matter  which  render  a  stream  muddy  are  of  greater 
specific  gravity  than  the  water  and  settle  out  more  readily  and  completely  if 
the  water  be  allowed  to  remain  quiet  for  a  time.  Lakes  and  ponds  are  natural 
settling  basins  and  have  the  advantage  over  running  streams,  tliat  th^  are 
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less  liable  to  become  turbid  in  times  of  freshets.  They  are  not,  however, 
entirely  free  fmn  floating  matter,  but  this  can  only  be  removed  by  filtration. 
It  is  desiraUe  to  remove  the  floatint;  matter,  not  simply  on  aesthetic  grounda, 

but  because  particles  of  pritty  mineral  nuitttr,  oi-  even  of  clay,  often  cause 
diarrhea,  especially  in  tiie  case  of  persons  not  accustomed  to  the  daily  use  of 
the  water. 

The  chemical  apent  most  used  in  the  filtration  of  water  is  aluminum  sul- 
phate. The  natural  alkalinity  of  the  water  will  cause  a  precipitate  of  alum- 
inum hydrate  which  in  its  coainilated  mass  carries  much  of  the  suspended  mat- 
ter with  it   Tills  is  followed  by  filtration  in  a  sand  filter. 

Sand  filter  beds,  as  usually  constructed,  are  water-tigrht  basins  some  ten 
feet  or  more  in  depth,  the  sides  built  of  masonry,  and  the  bottom  puddled  or 
made  of  concrete  or  brick.  The  area  may  vary  from  20,000  to  150,000  square 
feet.  In  buildinp  up  the  filtering?  bed  jnovision  is  first  niacic  for  the  ready 
collection  of  the  water  by  constructing  upon  the  floor  of  the  basin  drains  or 
channdwaya  of  stone,  brick  or  ttHng;  Then  follows  a  layer  of  broken  stone 
and  layers  of  gravel  of  gradually  diminishing  size.  Upon  the  gravel  rests  a 
deeper  layer  of  carefully  {graded  sand.  The  thickness  of  the  various  layers  is 
subject  to  considerable  variation. 

The  water  stands  several  feet  deep  over  tho  sand  and  is  allowed  to  flow 
down  through  the  filtw  at  soch  a  rate  as  experience  .shows  to  be  most  ad- 
vantageous. Naturally  when  the  sand  is  dean  a  greater  cjuantity  of  water  can 
be  passed  in  a  given  time  than  when  the  sand  becomes  dogged.  Practice  dif- 
fers as  to  the  maximum  rate  but  it  is  .seldom  over  six  inches  vertically  per 
hour  and  often  less.  At  the  rate  mentioned  each  .square  foot  of  surface  would 
deliver  12  cubic  feet  or  90  gallons  per  day.  When  the  beds  become  clogged 
so  that  the  rate  of  filtration  is  too  slow,  the  water  is  drawn  out  from  the  beds 
and  the  uuper  layer  of  sand  for  a  couple  of  inches  is  removed  and  washed. 

Another  type  of  sand  filter  known  as  the  rapid  sand  lIHer  is  need  in  some 
cases  to  remove  .suspended  matter.  It  is  constructed  very  much  on  the  order 
of  the  type  previously  discussed  except  that  the  sand  used  is  of  uniform  size 
throughout,  usually  that  which  will  pass  through  a  sixteen  mesh  and  lie  on 
a  thirty  mesh  sieve.  The  depth  of  sand  is  usually  about  three  feet.  The  rate 
of  water  passage  is  governed  by  the  head  of  water  above  the  filter.  A  head  of 
five  feet  will  filter  approximately  1.5  gallons  per  square  foot  per  minute.  This 
would  give  the  filter  a  capacity  of  2,1  GO  gallons  per  day  per  square  foot  of 
surface.  Since  the  pumpage  of  city  plants  usually  runs  about  100  gallons  per 
capita  per  day,  a  filter  of  this  type  should  have  appruximutely  one  square  foot 
to  each  20  inhabitants.  It  is  necessary  to  wash  this  type  of  filter  frequently. 
This  is  done  by  forcing  water  upward  throuK'h  the  sand. 

The  action  which  takes  place  as  the  water  passes  through  an  ordinary 
filter  is  threefdd.  The  most  obvious  action  is  the  arresting  of  suspended 
particles  which  are  too  large  to  pass  through  the  pore.s  of  the  filter.  The  sec- 
ond action  partakes  somewhat  of  the  character  of  sedimentation.  The  inter- 
stices between  the  particles  of  the  filter  serve  as  so  many  settling;  chambers, 
and  the  particles  of  clay  which  are  small  enough  to  enter  these  interstices,  and 
therefore  could  pass  entirely  through  the  filter,  are  deposited,  not  only  on  the 
floors  of  these  chambers  but  also  on  the  sides  and  roofs.  This  action  is  probably 
due  to  adhesion  on  contact.  The  third  sort  of  action  which  takes  place  in 
the  ponns  material  of  a  filter  is  the  removal  of  substances  which  are  actually 
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in  solution.  As  far  as  mineral  matter  is  concerned  this  action  is  small  al- 
tliottgh  not  inappreciable  with  certain  ftlterinir  media.  DlBsolved  organie  anb* 

ptancrs  arc  romovol  in  appicciablo  amounts  by  well  condurted  sand  filtration. 
Motit  porous  substances  possess  the  power  of  removing  certain  kinds  of  organic 
matter  by  presentini;  surface  upon  which  bacteria  which  feed  upon  the  orKanic 
substances  can  work.  This  point  will  be  more  fully  discus-sed  under  x-wage 
disposal.  Direct  oxidation  of  organic  matter  will  take  place  in  a  filter  faster 
than  in  standing  water,  especially  if  the  filter  is  frequently  emptied  and 
refilled. 

The  factors  which  influrnco  the  efficiency  of  a  filter  are  the  thickness  of 
the  medium,  the  rate  of  water  passage,  and  the  frequency  of  renewing  the 
mediuM.  It  Is  obvious  tiiat  the  tiiieker  the  medium  the  more  complete  will  be 
the  removal  of  solid  .substances  and  the  less  frequent  the  necessity  of  renew- 
ing or  cleaning  the  medium.  In  estimating  the  thickness  of  the  medium,  the 
fine  sand  only  should  be  considered,  because  that  is  the  part  which  is  dfeetive 
in  removing  solids.  The  removal  of  nliero-or^r!lni>Ins  is  less  perfect  when  the 
rate  of  filtration  is  increased.  This  has  been  shown  by  ixhaustive  experiment. 
A  filter  should  be  frequently  washed  and  the  medium  .should  be  changed  at 
longer  intervals.  Washing  sliovld  be  more  frequent  in  summer  than  in  winter 
becau.se  of  the  presence  of  alpae  in  the  water  which  tend  to  clog  the  filter. 
If  settling  basins  precede  the  filters  the  addition  of  copper  sulphate  to  them 
will  prevent  the  growth  of  algae  and  will  in  no  wi^  injure  the  water. 

The  covered  filter  bed  is  the  one  now  most  commmily  in  u.se,  for  the  ex* 

posurp  of  the  surface  of  the  water  to  the  open  air  has  some  disadvantages. 
In  summer  the  water  becomes  unduly  warm  and  the  growth  of  the  lower  orders 
ot  plant  Ufe  ia  thus  favored.  In  vrinter  the  f reeslng  of  the  water  catises  in- 
convenience. 

The  most  valuable  accessible  data  upon  the  expense  of  filtration  as  drawn 
from  actual  experience,  are  found  in  the  report  of  the  Poughkeepsie,  N.  Y. 
Water  Works.  These  data  indicate  that  the  expense  varies  between  $2.50  and 
^^'i.OO  per  million  >;allons,  which  does  not  include  the  cost  of  pumpinp  nor  the 
interest  on  the  money  invested  in  the  plant.  The  original  cost  of  the  bed.s 
was  $54,000.00,  the  interest  on  whidi  would  exceed  the  cost  of  maintenance 

The  most  important  filtering,'  plant  in  Indiana  is  the  Indianapolis  plant. 
The  water  is  drawn  from  the  west  branch  of  White  River  at  Broad  Ripple, 
about  seven  miles  north  of  the  center  of  Indianapolis.  It  is  conducted  to  the 
ci^  by  canal.  Part  of  the  water  is  u.«ed  for  water  power  and  the  power  is 
used  for  pumping  water  into  the  city  mains.  Sufficient  power  to  pump  14,- 
000,000  gallons  per  day  is  developed.  The  filtration  plant  has  a  capacity  of 
80,000,000  gallons  per  day.  The  water  is  treated  by  four  piocesses:  First, 
with  aluminum  sulphate;  second,  in  .settling  basins;  third,  in  slow  sand  filters, 
and  fourth,  with  chlorine  gas.  The  first  three  processes  are  for  the  purpo.se 
of  removing  suspended  matter  and  the  fourth  for  its  germicidal  elfect 

The  sedimentation  basins  have  a  cai)acity  of  4.'i.000,000  gallons.  The 
daily  pumpage  of  the  city  averages  24.0(M).oo()  ^rallons.  Thus  the  water  re- 
mains in  the  .sedimentation  basins  for  an  average  period  of  forty-five  hours. 
The  Alter  beds  cover  seven  and  a  half  acres,  which  at  the  present  rate  of 
punijia;re  affords  a  capacity  of  approximately  three  gallons  per  siiuare  foot 
per  hour.    The  filtration  plant  is  located  on  Twenty-first  Street  and  comprises 
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one  hundred  and  twenty-five  acres.  Analysis  of  the  water  from  this  plant 
dwwa  it  to  be  equal  to  the  bottled  water  whidi  is  sold  on  the  market 

In  the  previous  paragraphs  tlie  entire  pumpujxp  of  21,000,000  prallons  per 
day  was  considered  as  being  filtered.  This  is  not  the  case  however,  for  part 
the  water  is  drawn  from  deep  welts  and  filtration  is  unnecessary.  There 
are  three  pimping  statioas  operatx I  ]>\  thv  Indianapolis  Water  Company,  and 
each  station  pumps  water  from  wells.  The  Bioati  Ripple  station  has  several 
wells  with  a  total  capacity  of  1,000,OUU  gallons.  One  of  these  wells  is  now 
operated.  The  Fall  Creek  statton  has  rixteen  wdk,  of  wfaidi  twelva  are  oper- 
atcfl.  The  capacity  of  these  wells  is  ahout  12,000,000  pallons  per  day  and 
the  present  pumpage  about  3,0OO,0UU  gallons  per  day.  The  Riverside  station 
has  thirty-five  wdls  with  tai  under  construction.  The  eapadty  of  tiiese  wdls 
is  18,000,000  gallons  per  day  and  the  pumpage  varies.  The  wells  are  approx- 
imately three  hundred  and  fifty  feet  deep,  through  gravel  into  bed-rock. 

The  Indianapolis  Water  Company  operates  four  hundred  and  fifty  miles  tut 
idpe  line  which  varies  in  diameter  from  four  to  forty  inches.  It  has  40,080 
customers  and  serves  11'^'.  of  the  population  of  Indianapolis.  The  rest  have 
private  wells.  The  company  operates  on  both  flat  and  meter  rates.  The  flat 
rate  for  a  five  or  six  room  modem  house,  with  sprinkling  privOegee,  for  the 
year  is  $14. 8S.  The  meter  rates  vary  from  Ific  to  Ic  per  thou.«iand  cubic  feeL 
The  average  for  the  first  million  cubic  feet  per  month  is  5.6c  per  thousand 
and  above  the  first  million  4e  per  thousand. 

The  Indianapolis  Water  Company  is  a  private  eorporatioB.  The  vlee- 
pre.sident  and  general  manaper  is  Mr.  C.  L.  Kirk. 

The  finest  water  in  Indiana  for  all  purposes  is  found  in  the  kI^ciuI  gravds 
and  sands.  These  gravels  and  sands  are  largely  insoluble  in  water  and  for 
this  reason  the  water  cominp  from  them  contains  little  mineral  matter.  If 
sufficient  depth  is  reached  in  these  materials  to  make  filtration  perfect  and  the 
tonperature  low,  the  water  is  ideal.  Many  cities  in  the  eastern  and  norOiem 
portions  of  the  .state  find  an  inexhaustible  supply  of  such  water  wherever  it 
is  convenient  to  sink  a  well.  Such  cities  are  very  fortunate  and  little  com- 
idaint  is  heard  conoeming  the  water.  A  few  dties  in  Indiana  are  able  to  get 
water  from  the  bed-rock,  especially  the  sandstone.  This  water  is  usually  very 
good,  but  is  sometimes  hig^y  charged  with  mineral  matter.  The  largest 
cities  of  the  .state  with  the  exception  of  South  Bend  and  Fort  Wayne  take 
their  water  from  streams.  Many  other  cities  also  depend  upon  streams  for 
their  supply.  Several  citiis  in  the  lake  districts  depend  upon  the  lakas  for 
their  supply.  A  few  procure  their  supply  from  springs.  A  few  more  depend 
upon  artificial  ponds.  A  list  of  the  county  seats  and  a  few  other  cities  follow 
with  the  source  of  water,  pumpape  in  pallons  per  day,  manner  of  treatment, 
number  of  patrons,  number  of  gallons  (nearest  ten)  per  patron,  population, 
number  o!  gallons  (nearest  ten)  per  capita  population,  and  tiie  ratio  wf 
patronage  to  population. 
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CITY 
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PlyaacMth.. 
PMttaod... 

Princeton. .. 
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(u)  No  wator  worki.. 

(Iijf '(irntniTtial  (lurpfniCTi only. 

It  will  be  noticed  in  the  foregoing  table  that  rauny  of  the  waterworks  are 
ftunishing  between  75  and  150  gallons  per  capita  per  day.   This  is  cspedally 

true  of  those  plant.^  which  art'  well  o.-itablishod  in  cities  where  manufacturing 
is  not  abnonnally  developed  and  where  the  rates  are  based  on  meters.  The 
flat  rate  system  is  always  conducive  to  extravagsnee  on  the  part  of  the  eon- 
sumei-.  This  is  particularly  well  .^hown  in  the  ca.>;e  of  Evan.svillc  and  Ft. 
Wayne  which  are  of  about  the  same  population,  have  about  the  same  manu- 
facturinir  conditions  and  appear  in  the  table  conseeativdy.  Ft.  Wajme  with 
IG.OOO  patrons  on  meter  rates  pumps  half  as  niudi  water  a.s  lOvan.sville  with 
12,000  patrons,  part  of  whom  have  meter  and  part  flat  rate.  Auburn  and  Tip- 
ton are  smaller  cities  of  the  same  approximate  population.  Auburn  has  only 
flat  rate  and  Tipton  only  meter  service.  The  pumpage  per  pa!ron  in  Tipton  is 
1!»0  gallons  per  day  less,  and  per  capita,  20  ^rallons  per  day  hs.s  than  in 
Auburn.    Consumers  usually  prefer  the  iiat  rate  .system  but  defeat  their  own' 
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ease  by  wasting  frreat  qnantitiea  of  water  when  the  flat  rate  is  giyen  tiiem. 

The  only  fair  systein  is  the  meter  system  by  whkh  the  eonBomer  pays  for  Jnst 
the  amount  of  water  he  uaes. 

Sewagfe  Disposal. 

One  of  the  necessities  of  a  community  is  that  it  dispose  of  its  waste  ma- 
terial. The  aeeomulation  of  waste  material  in  a  oommuiiity  is  as  dangerous 
to  the  community  as  the  accumulation  of  waste  in  an  organism  is  dan^rerous 
to  the  organism.  Sickness  and  death  are  the  penalties  imposed  upon  both  the 
organism  and  the  cimimunity  for  failure  to  observe  the  fundamental  law  of 
waste  disposal. 

The  Health  of  Towns  Commission  of  Great  Britain  in  1844  published  a 
report  which  brought  about  the  flrst  attempt  at  systematic  sewage  di^oeaL 

It  is  true  that  there  were  ^reut  drainage  sewers  in  some  of  the  old  Bomaa 
cities  but  it  is  probable  that  these  sewers  were  used  only  for  the  purpose  of 
earryinK  away  storm  water.  Such  sewers  were  used  in  London  before  the  re- 
port of  the  Health  of  Towns  Commission,  but  there  was  also  a  law  prohibiting 
waste  material  from  beinp  introduced  into  them.  The  report  of  this  commit- 
tee showed  such  a  vast  accumulation  of  putrid  matter  within  the  city  limits 
that  it  aroused  tiie  people  to  great  interest  and  effort.  The  eommittee  ad- 
vanced the  idea  that  putrid  matter  cravf  rise  to  disease  perms,  not  simply  by 
harboring  them  and  furnishing  a  perfect  medium  for  their  development,  but 
by  actually  creating  them.  We  know  the  latter  idea  to  be  erroneous  today, 
but  nevertheless  it  served  its  purpose  in  that  time,  and  within  three  years 
after  the  report  it  was  a  crime  punishable  by  law  if  all  waste  material  were 
not  dumped  into  the  sewers. 

Germany  early  followed  the  lead  of  Enf^land,  and  France  and  the  Latin 
countries  have  since  taken  up  the  work.  The  first  great  sewaj^c  system  in 
United  States  was  that  of  Chicago,  which  was  built  in  1855.  Several  other 
cities  had  sturm  sewers  and  partial  sewage  disposal  prior  to  this  date.  At 
the  present  time  few  cities  nf  more  than  5,000  inhaUtants  are  without  a  well 
developed  system  of  sewage  drainage. 

With  the  development  of  the  sewerage  system  another  problem  presents 
itself.  The  sewage  which  is  accumulated  in  the  drain  must  be  disixised 
of  in  some  manner.  It  may  be  carried  without  the  city  and  there  dumped  into 
a  stream  or  cesspool.  In  time  the  point  at  which  the  sewage  is  dumped  be> 
comes  excessively  foul,  and  if  the  sewage  is  dumped  into  a  stream  the  stream 
carries  this  filth  to  the  countryside  and  to  cities  in  its  lower  course.  As  long 
as  the  cities  are  small  and  far  apart  nature  tends  to  puiify  the  water  between 
them  and  little  inconvoaienee  is  experienced,  but  when  the  cities  become  large 
and  near  together  it  becomes  necessary  to  reCfUire  that  SOme  sort  of  deodoriia* 
tion  of  sewage  be  carried  on  by  each  city. 

Sewage  as  it  appears  at  the  mouth  of  any  large  sewer  is  somewhat  milky 
in  color,  shows  the  presence  of  much  grease,  and  is  attended  with  very  dis- 
agreeable odors.  Chemical  analyses  show  that  the  sewage  from  many  cities 
varies  but  Utile  in  its  chemical  composition  and  therefore  an  approximate 
analysis  can  be  used  as  a  basis  for  further  considerations.  If  we  consider 
that  the  sewage  discharge  from  a  city  i.>  100  gallons  per  capita,  which  is  very 
close  to  the  average  in  Indiana,  as  shown  by  the  pumpage  of  the  city  water- 
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works,  its  analysis  will  shuw  that  it  is  approximately  <Jii8  purtji  water,  one 
part  solid  mineral  matter  and  one  part  animal  and  vegetable  matter.  Sixty 
or  seventy  por  ornt  of  the  solii'  matter  is  in  solution  and  the  rest  in  suspension. 
The  animal  and  vegetable  matter  is  volatile  on  ignition  except  for  a  small 
•mount  of  ash  which  remains  with  the  mineral  matter.  The  sewi^  problem 
resolves  itself  into  dispn-intr  of  the  one  prr  d  nt  of  orRunic  matter.  The  fol- 
lowing table  taken  from  Water  Supply  and  Irrigation  Paper  No.  165,  U.  S. 
Geol<»gical  Stirvey,  page  16,  shows  the  analysis  of  an  ideal  sewage: 
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am 
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SO 
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W 

no  ■ 

2«n 

15 

H.O.S.P.«to  

1telU,O.8.P.«t0  

In  order  to  change  these  numbers  to  Rrams  per  capita  per  day  multiply 
hy  0.88,  a  daily  flow  of  100  ?aIlon.s  per  capita  being  assumed. 

The  amount  of  oxypfen  necessary  to  change  the  organic  substances  to  min- 
eral form  is  considerable.  Dibden  e.stimatt-s  it  to  be  from  one  to  three  times 
the  weight  of  the  organic  matter  to  be  acted  upon.  The  following  table  taken 
from  the  same  aouroe  as  the  previous  table  and  credited  to  Dibden  diows  the 
pnrt.s  of  oxygen  necessary  to  oxidite  one  part  of  the  various  onianic  sub- 
stances: 
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O.m 

The  problem  of  sewape  dlspo.sal  is  to  supply  this  required  oxygen  and  to 
supply  it  under  such  conditions  that  it  will  unite  with  the  organic  matter  to  be 
diminated. 

The  following  outline  shows  the  methods  in  conunon  uae  for  tiw  di^oeal 
of  household  and  other  w«8t«9* 
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Methodt  of  DiapoaaL 

A.  Midden  system. 

B.  Pail  system. 

C.  Water  carriage  system. 

1.  ComMned  systemt 

2.  Separate  system. 

a.  Discharge  into  convenient  stream. 

b.  Chemical  treatment. 

c.  Bacteriulo^rical  treatment,  septic  tMlk. 

d.  Combination  of  b  and  c 

e.  EleetriMi  trMtmoit. 

The  midden  ssrstem  ie  the  old  method  of  having  a  cesspool  into  which  the 

•<rw;\^e  is  introflucffi,  after  which  the  liquid  parts  filter  away  throuph  the 
g^round,  oft-times  to  appear  at  some  undesirable  point  such  as  the  well  or 
spring.  The  solid  parts  are  disintegrated  by  anaerobic  bacteria  and  for  the 
most  part  changed  into  liquKl. 

The  pail  system  is  used  in  some  small  cities.  The  sewage  is  accumulated 
in  pails,  which  are  removed  by  the  city  about  once  per  week  usoally  in  the 
night  Another  pail  is  left  in  the  place  of  the  one  removed.  The  city  of 
Mitchell,  Indiana,  uses  this  .system.  The  sewage  is  taken  to  some -point  well 
without  the  city  and  there  burned  or  buried.  The  Gtoux  pail  is  sometimes 
used  for  transporting  the  sewage.  The  Geux  pail  is  a  wooden  pail  into  which 
a  mixture  of  fartoiy  waste  ami  sulphate  of  lime  are  thrown.  A  mould  is  then 
inserted  and  left  until  the  bucket  is  ready  for  use.  When  the  mould  is  re- 
moved the  mixture  has  talcen  the  shape  of  the  monld  and  lines  the  bucket 
This  mixture  is  said  to  be  very  elTective  in  absorbing  water  and  also  in  pre- 
venting decomposition.  When  the  bucket  is  dumped  the  mixture  is  dumped 
with  it  and  the  presence  of  the  sulphate  of  lime  aids  in  the  final  destruction 
of  the  sewage.  The  Goox  pail  is  shown  in  Fig.  4. 


CO^y^  PA/L 

The  water  carriage  system  is  used  in  most  large  cities.  The  combined 
agrstem  is  one  in  wiiich  botii  fbe  stonn  water  and  sewage  are  carried  throoch 
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tiie  flame  sewers.  The  system  is  poor  because  tlie  storm  water  Is  ofttfmes 
as  ilnidi  as  fifty  tiines  the  usual  sewage  drainage  and  the  sewers  must  be 
larpre  enouph  to  accommodate  both.  In  sensons  of  drought  the  household 
sewage  flows  through  these  large,  dark,  damp  sewers  and  has  ideal  conditions 
for  the  development  of  disease  germs  and  foul  gases.  The  trapping  of  these 
larpre  sewers  is  hard  to  keep  in  perfect  condition,  and  the  result  is  that  the  foul 
gases  often  find  their  way  into  houses,  especially  of  the  poorer  class.  If  any  sys- 
tem of  porillcatioii  of  sewage  is  used  it  reiiairea  the  handling  of  all  the  storm 
water,  which  is  very  difficult.  New  Yoric  City  uses  this  SFatem  and  disehargss 
her  sewage  into  the  Atlantic  Ocean. 

The  separate  system  is  one  in  whidi  tiie  sewage  is  handled  throagh  a  set 
of  sewers  separate  from  the  storm  sewers.  In  this  case  the  storm  water  can 
be  discharged  into  a  convenient  stream  and  the  sewage  disposed  of  in  any  other 
suitable  manner.  Baltimore  uses  the  separate  system  because  it  is  necessary 
to  purify  its  sewage  in  order  that  tiie  oyster  beds  in  Chesapeake  Bay  may  sot 
be  contaminated. 

When  .sewage  is  discharged  into  a  stream  it  contaminates  the  stream  in 
proportion  to  the  relative  amounts  of  sewage  and  stveam  water.  A  smaU 
amount  of  sowatro  in  ri  larpr  stream  is  neplitriblf*,  but  when  a  large  city  dis- 
charges its  sewage  into  a  relatively  small  stream  it  produces  a  very  serious 
nuisance.  From  the  point  of  discharge  of  sewaire  the  stream  gradually  be- 
comes purer  down  stream  on  account  of  sulf-pui  ification.  Self-purification  of 
streams  is  a  slow  but  sure  prycess.  The  organic  matter  is  gradually  oxidized 
as  the  stream  absorbs  the  necessary  oxygen.  This  oxidation  is  largely  due 
to  the  aetioil  of  bacteria.  Another  factor  in  self-purification  is  the  devouring 
of  large  particles  of  organic  matter  by  animal  forms  other  than  bacteria.  It 
has  been  shown  that  a  measure  of  the  albuminoid  ammonia  in  a  stream  is  a 
measure  of  its  contamination  and  also  that  the  dissolved  oxygen  in  a  stream 


ir^  


Vie.  ft. 


is  inversely  proportional  to  the  albuminoid  ammonia  present  Fig.  5  is  repro* 

duced  from  Water  Supply  and  Irrigation  Paper  No,  IR.',  U.  S.  Geolojrical  Sur- 
vey, page  17,  and  shows  the  relation  between  the  dissolved  oxygen  and  the 
albuminoid  ammonia  in  the  Sudbury  River  at  several  points  within  fifteen  miles 
below  the  point  where  Saxonville,  Ma.ss.,  discharges  its  sewage. 

The  disposal  of  the  sewage  of  Indianapolis  presents  the  greatest  problem 
akng  this  line  in  Indbuaa.  Until  the  present  time  most  ctf  the  sewage  <tf  In* 
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dianapolis  hu.s  been  di>c}Kir'^ed  into  the  West  Branch  of  White  River  without 
treatment  of  any  kind.  This  producrd  :i  very  '<erioiU  condition  of  contanuna' 
tion,  especially  in  periudii  of  drought.  In  1!>U!>,  Mr.  J.  A.  Smith  and  the  writer 
deaeoided  White  River  from  Indianapolis  and  found  the  condition  »uch  that  it 
produced  cxtromo  nau^ra.  Nicht  ramp  was  pitched  twenty  miles  by  liver 
below  Indianapolis,  and  one-fourth  of  a  mile  from  the  river  on  a  tributary 
stream,  but  the  effects  of  sewage  were  still  very  disagreeable.  The  deeayinit 
carcasses  of  several  hops  which  had  been  thrown  into  thr  river  by  the  packing 
houses  of  Indianapolis  greatly  aggravated  the  situation.  The  sewage  of  In- 
dianapolis  at  this  time  formed  practically  half  the  volume  of  the  stream.  The 
bed  of  the  stream  was  covered  with  a  coating  of  dark,  Rrea  1  Ige,  largely 
organic  matter,  to  a  depth  of  one  inch  or  more.  This  condition  hud  practically 
disappeared  at  Martinsville,  about  fifty  miles  by  river  below  Indianapolis. 

The  chemical  treatment  of  sewage  is  usually  expensive  and  is  for  the  pur- 
pose of  disinfection.  There  are  various  methods  of  treatment.  The  principal 
methods  are  by  heat,  alum,  lime,  acids,  chlorine,  chlorine  compounds,  and 
copper  oomponnds.  Lime  is  used  more  extensively  than  the  others  because  of 
its  lower  cost.  Its  action  as  a  vrfrmitidc  is  very  slijrht  and  is  probably  due 
entirely  to  its  action  as  a  precipitant  by  which  means  it  settles  out  the  organic 
matter.  Alum  was  extensively  used  until  recently  when  the  advance  in  price 
became  prohibitive.  Its  action  is  also  that  of  :i  precipitant.  The  acids  are 
much  more  effective  than  allcalis  as  germicides.  Chlorine  and  copper  are 
used  very  little  in  Indiana. 

Bacteriological  treatment  of  sewage  by  means  of  the  septic  tank  seems  to 
be  the  ideal  mptho<I  of  lenderin^j  the  sewajre  nonputrescent.  which  is  the  first 
desideratum  in  .sewage  treatment.  The  next  is  to  render  it  sterile.  This  the 
septic  tanli  does  not  do  although  it  greatly  lessens  the  number  of  disease 

germs.  Thr  principle  of  the  septic  tank  is  sim]i1y  to  nfTcr  conditions  uiidef 
which  the  bacteria  which  change  organic  matter  to  mineral  matter  can  work. 
Before  this  method  is  discussed  it  is  well  to  understand  two  things,  first,  the 
small  amount  of  oi^^anic  matter  in  sewa>.re  to  be  disposed  of,  and  second,  the 
great  nttml)er  of  bacteria  which  develop  under  favorable  conditions  to  destroy 
this  organic  matter.  From  the  previous  table  showing  the  composition  of 
an  ideal  sewage,  four  hundred  parUt  per  million  are  shown  as  organic  and 
volatile.  This  is  one  part  of  organic  matter  in  2J>00  parts  of  sewage,  the 
other  2,4in*  parts  being  either  water  or  hat-mlcss  mineral  matter.  Thus  it  is 
seen  that  the  amount  of  organic  matter  in  sewage  is  very  small  indeed.  On  the 
other  hand,  it  has  been  shown  and  proved  that  an  ounce  of  sewage-soaked 
i^oil  may  contain  more  than  three  billion  bacteria  of  the  type  which  destroy 
organic  nnatter.  Their  rate  of  propagation  is  almost  beyond  conception.  If 
there  were  no  forces  to  interfere  one  bacterium  would  have  l(;..")(in,n(»0  de.scend- 
ants  in  twenty-four  hours.  If  unhindered,  in  Ave  days  the  descendants  of  this 
<me  bacterium  would  cover  the  surface  of  the  earth  to  a  depth  of  over  two 


There  are  two  Icindjt  of  bacteria,  aerobic  and  anaerobic.  Aerobic  Imcteria 
thrive  in  tiie  presence  of  light  and  oxygen,  and  the  anaerobic  cannot  live  in  the 

presence  of  oxygen  and  thrive  best  in  <!aik  i)laces.  .Sewage  which  is  thrown 
upon  the  earth  and  passes  through  the  soil  is  acted  upon  by  both  classes  of 
bacteria.    The  oldest  of  all  forms  of  bacterial  sewage  ireainient  is  known  as 

]»nd  treatment,  broad  irrigation  or  sewage  fanning.  This  was  done  before 


feet. 
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bacterial  action  was  imdei^tood.  There  was  the  dcublc  purpoi>e  uf  purifica- 
tion and  fertilization.  In  some  cases  very  successful  results  have  been  ob- 
tained hy  thi-  method.  In  Pasadtna.  Cal..  a  four  hundred  and  fifty  acre  farm 
is  planted  in  English  walnuts  and  yields  from  $7,000.00  to  $1U,0UU.U0  annual 
profit.  At!  the  sewage  of  Pasftden*  is  filtered  throu^  this  farm.  The  project  is 
a  recent  one  and  what  the  ultimate  result  will  be  upon  the  trres  remains  to  be 
seen.  The  land  is  liable  to  receive  so  much  more  liquid  than  the  ordinary  rain- 
fall that  it  will  become  !*ewafce  sick  and  useless  for  cither  purification  or  for 
raising  crops.  The  amount  of  land  nece.^.'-ary  in  purify  a  small  amount  of 
.rwapo  i«  enormous  and  most  phiros  which  have  ti  icil  it  have  found  it  to  result 
in  u  linanciul  loss.  It  is  in  operation  in  many  purt^  of  England  and  is  suc- 
cessful in  Berlin,  Germany,  where  19,000  acreSt  an  area  larger  than  tiie  dty 
itself  in  size,  are  employed.  Land  treatment  is  on  the  whole  hapliasard,  un- 
certain, and  expensive. 

In  1805,  Donald  Cameron,  of  Exeter,  Eniplnnd,  brought  the  septic  tank 
into  prominence.  It  consist-*  of  a  h»ige  tank  in  which  sewage  is  allowed  to 
remain  for  some  time  to  be  acted  on  by  the  anaerobic  bacteria.  By  the  action 
of  these  bacteria  part  of  the  solid  matter  becomes  liquefied,  and  goes  into  solu- 
tion; part  rise.s  to  the  top  as  scum  and  part  .<;ettli  '  the  bottom  as  sludge. 
The  inlet  and  outlet  of  the  tank  are  placed  below  the  surface  so  that  the  liquid 
may  pass  through  with  as  little  commotion  as  possible.  The  .scum  which  rises 
to  the  top  becomes  oxidized  after  a  time  and  passes  off  into  the  air  as  harmless 
ga.s.  A  certain  amount  of  decomposition  take.s  place  in  the  sludge.  In  large 
tanks  the  .nludge  accumulation  is  very  slow.  At  Mansfield,  Ohio,  only  a  few 
indies  were  drawn  off  after  the  tank  had  been  in  use  for  a  year  and  a  half. 
However,  the  a-e  nf  the  septic  tank  alone  is  not  successful.  Some  [)rovision 
must  be  made  for  the  work  of  the  aerobic  bacteria.  This  is  best  accomplished 
by  the  contact  beds  and  filter  beds.  These  can  best  be  «cplained  by  concrete 
example.  Since  one  of  the  best  types  of  plants  is  in  operation  in  Bloomington, 
Ind.,  it  will  be  used  as  an  illustration. 

Bloomington  is  located  within  the  basin  of  the  east  branch  of  White  River, 
but  almost  on  the  divide  between  the  east  and  west  branches.  The  divide  lies 
near  the  notth  limits  of  the  city.  The  city  site  slopes  gently  toward  the  south 
and  is  drained  naturally  by  two  small  streamw  which  are  tributary  to  Cleai 
Creek.  The  mantle  rock  upon  which  the  dty  is  located  is  of  residual  day  and 
verj'  thin.  The  usual  depth  to  }>ed-rock  is  probably  on  the  average  ten  feet 
The  underlying  rock  is  mostly  porous  Indiana  oolite  of  the  Salem  formation. 
Springs  are  very  abundant  in  this  stone. 

The  water  supply  before  1890  was  from  wells  and  springs.  In  this  year 
the  city  waterworks  was  established,  but  the  sewage  was  still  disposed  of  by 
the  midden  system.  By  1900  the  dty  had  become  saturated  with  the  filth  until 
all  wdls  were  dangerou.s,  although  many  were  still  in  use.  Some  of  the 
progresdve  dtizens  at  about  this  time  began  a  campaign  of  agitation  for  some 
system  of  sewage  disposal.  This  agitation  continued  and  finally  resulted  in 
the  eatabltshment  of  the  present  system  in  l'.)07-8. 

It  was  found  that  the  condition.^;  were  ideal  for  the  establishment  of  a 
disposal  plant  because  of  the  slope  which  makes  the  .system  entirely  under  the 
control  of  gravity.  It  was  dedded  to  put  in  a  separate  system.  The  storm 
sewers  mhII  not  be  considered  here.  The  entire  system  for  the  disposal  nf 
sewage  consists  of  56,550  feet  (10.7  miles)  of  sewer  and  the  disposal  plant. 
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The  sewer  is  distributed  as  follows :   88,217  feet  of  eight-indi  sewer  pipe  Whidi 

form  the  upper  extreme  of  the  system,  2,213  fc«t  of  tf  n-inch  sewer  pipe  which 
accommodate  the  water  when  two  of  the  eight-inch  .sewers  unite,  3,079  feet  of 
twel¥e-ineh  sewer  pipe,  1,010  feet  of  flfteen-ineh  sewer  pipe,  4,576  feet  of 
eighteen-inch  sewer  pipe,  4,912  feet  of  twenty  four-inrh  sewer  pipe  and  2,550 
feet  of  twelve-inch  cast-iron  pipe.  The  cast-iron  pipe  leads  to  the  disposal  tank 
wlucb  is  loMtod  one  and  one-half  miles  south  of  the  city  near  the  Honon  Bail- 
nittd.  Tllia  connects  with  the  twenty-four-inch  sewer  pipe  just  outside  the  dty 
limits  on  the  south.  At  this  point  there  is  an  overflow  which  allows  the 
water  which  the  twelve-inch  castiron  pipe  will  not  carry  to  escape  into  Clear 
Creek.  The  twelve-inch  castiron  pipe  forms  the  pressaxe  head  for  th»  disposal 
plant.  The  twenty-four-inch  sewer  pipe  .subdivides  upon  reachinp  the  city 
into  the  smaller  sizes  until  the  smallest  are  found  in  the  suburban  parts  of 
the  city.  At  the  upper  ends  of  tiiese  small  sewers  are  flash  tanlcs  wUdi  lUI 
and  empty  automatically  and  as  often  as  desired.  A  constant  .stream  of  water 
enters  the  tank  which  upon  filling  to  a  certain  point  automatically  dumps  the 
charge  into  the  sewer  thus  flushing  out  any  material  whidi  might  have  lodged 
in  the  sewer.  By  regulatinp  the  size  of  the  sti  eam  enterinp  the  tank  the  rate 
of  flushing  is'  regulated.  There  are  twenty-three  of  the  flush  tanlKs  in  the 
system.  There  are  821  manholes  entering  the  sewers  and  flush  tanks.  Mbit 
of  the  sew^ers  are  laid  on  or  near  bed-rock  and  the  main  sewer  is  enibedded 
in  the  rock  with  cement  in  much  of  its  course. 

The  capacity  of  the  .'^y.^item  and  other  points  ure  shown  by  discharge  meas- 
urements made  on  ftve  different  dates  and  under  ditferent  conditions.  On 
November  19,  1913,  durirpr  the  time  when  the  weather  was  drycst  and  the  city 
water  was  shut  off  for  lack  of  water,  the  discharge  was  9,000  gallons  in  ona 
hour  between  8:00  and  4:00  p.  m.  There  was  very  little  water  flowing  from 
house  connections  and  a  slipht  rain  durinir  the  previdus  week  wa.s  insufficient 
to  cause  any  surface  flow.  This  is  taken  as  the  normal  ground  water  ilow 
in  dry  weatiier.  On  July  9,  191 S,  between  2:00  and  8:00  p.  m.  the  flow  was 
20,000  gallons.  At  this  time  the  condition.s  were  very  similar  to  the  condi- 
tions in  November,  except  that  the  city  water  was  on  and  the  house  connec- 
tions were  running.  On  July  10  at  the  same  hour  the  flow  was  20,000  gallons. 
This  would  indicate  a  flowage  from  house  connections  of  11,000  gallons  per 
hour  assuming  it  to  be  constant  for  that  hour.  On  April  26,  1913,  the  flowage 
between  2:00  and  8:00  p.m.  was  80,000  gallons  at  the  dispo.sal  plant  and 
an  overflow  of  10,000  gallons  at  the  head  of  the  pressure  pipe.  This  would 
indicate  a  leakaf^e  of  '2;t,()f)()  ^'allons  j)er  hour,  assuming  that  the  house  flow  was 
11,000  grallons.  This  was  in  medium  wt.'t  weather.  Thus  it  is  assumed  that 
the  ground  water  leaki^  varies  between  9^000  and  29,000  gallons  per  hour 
except  in  flood  times.  On  January  8,  l'.»14,  when  the  conditions  were  .-imilar 
to  those  on  April  26,  1913,  the  flowage  at  the  disposal  plant  was  34,000  gallons 
and  the  overflow  at  the  head  of  the  pressure  pipe  6,000  gallons.  This  shows 
the  pres.sure  pipe  carry injj  .l.OOO  gallons  per  hour  more  than  at  the  previous 
date  and  is  due  to  the  fact  that  the  pressure  line  had  been  raised  two  feet 
at  tile  upper  end.  It  was  found  tlial  the  original  head  was  not  sulSeient  fw 
the  best  action  of  the  disposal  plant.  There  has  been  no  trouble  with  the 
pressure  line  since  it  was  raised. 

Figuresi  6  and  7  are  drawn  to  represent  the  ground  plan  and  cross-section 
of  the  disposal  plant  It  will  be  seen  from  the  ground  plan  that  the  entire 
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plant  consists  of  a  square  which  is  surrounded  by  a  moat.  The  dimensions  to 
the  outside  of  the  moat  are  160  feet  each  way.   The  moat  ia  in  general  12.5 

feet  wide.  Within  the  moat  arc  the  filter  beds  which  are  composed  of  crushed 
stone  which  reach  to  the  depth  of  the  moat.  A  wall  of  stone  separates  the 
Alter  heds  from  the  moat.  This  can  be  seen  In  the  cron^Mction.  Upon  the 
filter  beds  are  four  qwtems  of  castiron  pipes  which  connect  with  siphons  in 
four  wells  in  the  comers  of  the  contact  beds.  The.«e  pipe  systems  huve  trick- 
ling Alters  at  irregular  intervals  which  spray  the  liquid  from  the  pipes  upon 
the  filter  beds. 


flm.  C  Gfoand  Plan  BtoamiiiaUm  Stwagu  INvoNt  Plwit. 


n*.  7.  Swtioa. 


Rising  some  ten  feet  above  the  filter  be'i>  is  an  octagonal  structure  of  con- 
crete which  contains  the  contact  beds  and  septic  tank.  It  will  be  noticed  from 
the  drawing,  Fig.  6,  that  the  inner  division  of  this  structure  is  undivided  and 
that  the  middle  und  outer  divisions  are  each  diviii«  i  into  four  divisions.  The 
inner  and  middle  divisions  compose  the  septic  tank.  The  capacity  of  the  inner 
division  is  13,6U0  cubic  feet  (101,728  gallons),  of  the  pressure  line  Z,UOU  cubic 
feet  (14,960  gallons),  and  of  the  twenty-fonr-inch  sewer  pipe  81,056  cubic 
feet  V2P,2.?A)i)  gallons).  This  totals  approximately  li.'iO.OOO  gallons  while  the 
hourly  How  as  shown  in  the  previuu.s  purugraph  is  34,000  gallons.  Thus  when 
the  main  pipe  lines  and  the  central  tank  are  AiU  they  hold  t«i  hours'  di»- 
duirge.   The  pressure  line  enters  the  side  of  the  central  tank  two  or  three 
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feci  aboire  the  bottom  as  shown  in  Fifp.  7.  The  liquid  rises  in  this  tanic  and 
flows  over  sharp  edRcd  weirs  into  the  middle  divisions.  There  are  baffle  boards 
on  each  side  of  the  weir  so  that  the  water  must  rise  from  the  inner  tanlc  and 
sinic  into  the  middle  division.  It  leaves  the  middle  division  through  anotiier 
■et  of  weirs  which  lead  into  the  contact  betls.  The  contact  beds  are  IniUt  of 
stone  which  irradually  horomcs  finer  toward  the  top.  The  bottom  stones  are 
voy  large  and  are  placed  far  apart,  leaving  much  room  between.  Upon 
tlMM  Are  placed  two-man  stones  which  are  followed  by  smaller  and  smaller 
stones  until  the  upper  layer  should  ho  about  the  size  of  walnuts.  The  bottoms 
of  these  bed^  are  connected  with  the  wells  at  the  corners.  These  have  no  stone 
in  them  and  are  occupied  by  the  goose-neck  siphon  alone.  When  the  liquid 
flows  from  the  middle  division  upon  the  contact  beds  it  runs  down,  grradually 
filling  the  bed  and  displacing  the  air.  When  the  bed  Alls  above  the  top  of  the 
siphon  it  immediately  discharges  and  empties  the  contact  bed  entirely  allowing 
it  to  fill  with  air  avrain.  When  this  discharge  is  made  the  liquid  is  sprayed 
upon  the  filter  bed  through  which  it  finds  its  way  into  the  moat  and  thence  into 
dear  Credc. 

The  action  of  the  anaerobic  bactei  ia  t<ike.s  place  in  the  main  sewer  lines 
and  the  inner  division  of  the  septic  tank.  In  the  inner  division  where  the  cul- 
mination of  this  work  occurs  is  where  the  acum  and  .sludge  OCCUr.  The  scum 
accumulates  on  the  top  of  the  liquid  between  the  baffle  boards  and  foma  a 
covering  which  shuts  out  the  lipht  and  air,  thereby  creatinjj  the  proper  condi- 
tion for  the  work  of  the  anaerobic  bacteria.  This  scum  has  never  been  removed 
and  does  not  accumulate  beyond  a  certain  limit.  SometimeB  it  is  thick  enough 
to  bear  the  weight  of  a  man  but  again  it  is  thinner.  The  .sludg^e  which  ac- 
cumulates in  the  bottom  at  a  very  slow  rate  is  occasionally  thrown  into  Clear 
Creek  by  a  direct  outlet  for  this  purpose.  This  outlet  is  manipulated  at  will 
by  a  valve  at  its  inner  end  and  is  only  opened  when  Clear  Creek  is  in  flood. 
Some  sludge  also  occurs  in  the  middle  division  and  there  are  vents  between  the 
middle  and  inner  divisions  on  the  floor  to  allow  this  sludge  to  be  drained  off 
by  the  outlet  from  the  inner  dhriflion.  These  venta  are  kept  dosed  ezoqit  when 
the  sludge  is  being  drained. 

When  the  liquid  flows  over  the  weirs  from  the  inner  division  it  falls  in 
a  thin  sheet  for  ten  or  twelve  inches.  The  purpose  of  this  arrangement  is 
to  aerate  the  liquid  so  that  the  aerobic  bacteria  will  be  able  to  complete  the 
work  which  has  been  begun  by  the  anaerobic  They  carry  on  their  work  in 
the  middle  division,  through  the  contact  beds,  through  the  filter  beds  and 
even  into  the  moat.  When  the  system  is  well  attcmled  the  effluent  which 
leaves  the  moat  is  clear  and  nonputrescent.  Its  bacterial  content  has  never 
been  determined.  The  care  of  the  plant  is  very  simple.  The  four  divisions 
are  made  in  the  middle  compartment  and  the  contact  bods  for  the  purpose 
of  resting  the  contact  beds.  Two  parts  will  easily  take  cure  of  the  sewage 
white  the  other  two  parts  rest.  In  two  or  three  days  these  should  be  reversed. 
This  is  done  by  adjusting  the  weirs.  Once  a  month  the  top  layer  of  rock  in 
the  contact  beds  .should  he  laked  over  with  a  long-toothed  rake  and  stirred 
to  a  depth  of  six  or  einht  inches.  The  plant  is  simple  and  very  effective 
when  properly  managed. 

The  entire  original  cost  of  mnstructinjr  the  Bloominjrton  sewera^^e  plant 
was  $86,000,  distributed  as  ioUows:  disposal  tank,  $li>,500,  and  pipe  lines, 
$66,600.  Within  five  years  the  additional  coats  were  as  follows:  raMng 
pressure  line,  $5,500;  three  or  four  miles  of  additional  sewer,  $7,000!  main- 
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tenance  for  first  five  years,  $200.  Thus  the  total  cost  at  the  end  of  five 
yvm  waa  fM,700.  When  tiw  TMreaent  city  adminiatration  began  its  -work 
13,000  was  sppnt  to  remove  the  top  layers  of  rock  from  tht-  contact  berls  and 
replace  it  with  new  stone.  This  was  entirely  unnecessary  from  the  stand- 
point of  the  sewage  disposal  jdani. 

One  of  the  most  important  proUcms  connected  with  sewage  disposal  is 
the  conservation  of  certain  mineiral  anbstances  which  are  continually  being 
wasted  thereby.  The  pHneipal  one  of  these  is  phosphorus.  The  percentage 
of  phosphorus  in  sewage  is  very  small  and  therefore  the  problem  of  its  eco- 
nomical recovery  is  extremely  difficult.  The  supply  of  phosphorus  is  so  lim- 
ited in  the  world  that  the  escape  of  even  a  small  amount  becomes  a  grave 
matter.   This  is  a  problem  for  applied  chemistry  to  solve. 

A  list  of  the  principal  cities  of  Indiana  and  their  manner  of  sewage  dis- 
posal follows: 


Cirr 


SjntatB 


A«lHini.. 

Aurora 

Bloom  Held 


Bormvillo 

Hr:,jil' 

Hrixili villi-     .  .  . 
BrowiMtomi. .. . 
CaanrltoB  .  . . , 
Clay  City 
Clinton 

Columbia  (,'ity 


CMmnville 


 ttoa ' 

Gmwfordavillc 
Gto«»Mat.... 
DuVOfci  

Divatur       . . . . 

DHplii   

KIkWt  

EaclUh...  

EvanviUe  

Ft.  yVmyne  

Fowlar   

Fraaklort  

RMklia  

Ctory.   

Goshen   

Oremcaiitle  

tirponhclil 
f  irifn^liiirr 
Hnriirriunil      . . 
Hartford  City., 
HontinKtoa    . . . 
IndiHDapolii* 

Jeffenioaville. . . 

KwUmmI  

Kwn  

Kokomn    .  ■ . , , 

IjJnyi-ttf   

Imtnngif  


Sewvr 

ftowrr 

Sewer 

Sewor 

8ewer. 

Sewer. 

Sewer. 


S<>*«>r 

Cvsnpool 

Sew<T 

Spwcr 
Kewer . . . 


r..».p.K>I  oaii  piifi. 

Se»«r  

Sewer  

Sower  

.Sewer  

Sewer 
Sewer 
Pail 

Sewer  

.Sewer  

Sewer  

•Spwpf  

Sru  tT  

.Sower  

Sewer  

Sewer  

.Sew  er 

.Sow  IT  . 

Sewer  and  pump. 


Sower. 


Sewer  

S<>wor .   

.Sewor   

.S,.H.T 

(.'eHNpool  and  a  few  tiewerx 

Sewer  

Coaapool  

Sewer.  

Sewer  


Noiif  . 

•SniHil  iioptic  uuik^aj ... 

.\ooe  

None  

None  

Anaerobie  MSlfc  <nk. 

None  

CornpJata  diaponl  pbat. 

Nimc  ,  

Niino   


None. 
None. 
Nnoe 
Noni- 
N.>ru- 
.None. 
None. 
None. 
None 


None 

S^-ptir  tnnk  . 
Soplic  iDnk(l>) 

.None.  

None  

Ntme  

None  

Nooe  

None  

Nnae  

Ni>nr  


None. 
None. 
Septiei 

Ncmp  

( '<iiiir<l<t<- (iiapoial  plant 

None  

NOM  

None  

NonKpl   


None. 
Nooe. 
None. 
Nooe. 
Nfme. 
Nooe 
Nomo 
Nooe. 
.Nooe. 
Nooe. 
Nooe 
Nooe 
None. 


Now.. 


\Miito  River 
I'lKi'oa  River 
Wubaah  Rivw 

Cedar  Cre^ 
<  )hiri  Hivor 
Wliiif  HiviT 
Hliito  Uiver 
Clear  Creek 
Wabasli  River 
Cj-prwBK  Crwk 

Whitewater  Hiver 


OMo  Itiv«r 


WalKU'ili  Uivi-r 
liluo  Kiver 
White  River 
Whitewater  River 


.Sucar  Crwk 
.'V  xnial  I  crwk 
A  ninall  rreek 
St.  Mary 'a  Riv«r 
Deer  Creek 
.St.  Joxeph  River 


Ohio  Rivor 
Maumee  River 
A  dredce  ditch 
Prairie  Cr«'«'k 
Hurrieaae  Creok 
t.ittic  C^umel  River 
RIkhart  River 
A  mnnll  crrek 
Rninil>  w  iiH'  ( *'  ii'k 
.\  wlliall  t  ri'i'k 
Grand  ('aluraet  River 
Lick  Cr««k 
Little  WabMbRiw 
Whilp  Kiver 


Utuo  River 
KMt  State  Dit«li 
A  amall  creek 

Wild  Cat  Creek 
Wabimh  River 
Fly  Crt-ek 
Kankakee  Rivw 
Ohio  River 
A  small  creak 


WiiIhwIi  River 
<  )liio  Kivpr 
MiaaiHBinews  River 


LdMMieliiin 
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C'ITT 


Moaliri'llu  

Mtniat  VcraoQ* 

Munrio   

Naahville. 


Nvwentf* 

Nr»-p<ir( 
\olili'»\  ilK 
North  \ 

nwu  

Pwii  

PIvmtnilh  , 
I'orttaml  , 
I*rin<ftoo 
Ucnsaia  liter 
Uk'  Kinuad. 
Hinins  Hua. 
I<ii«'ln*»ter 
K.Kkport* 
iiurkvillc 
Kwhville. . 
SalptnV  ... 
S«>ttj«bur«. 
St-vnioir 
Shslbyville 


Sntli  Bod.  • 

Kp^nflvf , 

Sulli\-M  

Toll  dot  

TwrelliMl*.. 

Tiptoo  .  

Valparaino  . . , 
\iTnon' 

Vcviiy  .  . 
VinrpniH*<  . . . 

Wsntaw 
\Vn.«thiciE!)M> 
\Villi:iiiin|Httl 
Winaiuiif  


i  't'^^inmA  

Ho«  pr   

.S<!wpr  

Cwmpool   

S^wer   

S«>»<»r  ... 

CiwpfKil  aiid  iwil  (e> 

Fttttial  Mnm   . 

Scwpr  

HewtT  

I'artial  (wwer  

Sewer  

Hvwtt  

CoMfaal  mhI  ipittcr 
Sewer. . . 


Cwmpool 

.S'W<T 

Ceupool 

Sewer 

8ewiT 


l>ii<|HMil  I'lant 


Cempool  alld|Mrti«lM-wer 

Se»er   

Sewer  


Hewer. 

Sewer 


Cnwimoitn  

OnHpoo)  Mid  Ruttor 

Sewer  

Hewer  


NOM 

None 
None 

None 

None 

N<MM^ 

None 


No 

None 

• 

None. 


None  

(ieplic  laakato)- 

None  

None  


None. 
-Vinie. 


NotM" 

.Nnoe 


None 

None 

None 
Nona. 

None 

Niine 


\imi>   

Ntmc 

C»mplelc  iluiKMil  plant. 

N'lmc  

N.mo  

None  

None  

None  

Now  


Diacharce 


TippMMMW  KlTer 


White  River 


OhioBirar 
Blue  River 

White  KiM  T 

Muncatatuck  Uivrr 

Lick  Creak 

Country 

Pride*  Creek 
• 

Salamoaic  River 
• 

Iroquoia  River 
Wlutemter  River 
Oliio  River 

Ditch  to  TippaauHK  River 


Flat  ftmk  Rtvar 


Whitr  UiviT 
Hlue  Kiver 


St  inneph  Rl««r 
White  River 
Ruck  Creek 
Ohio  River 
Watnah  Rivet 
Cimro  Creek 
Salt  Creek 


I  ihio  Blear 
Wafawh  IHver 
Wshaah  Rivet 
Center  Ijike 
White  River 
WitUiifh  River 
Tippecnnoe  River 
White  River 


•No  daU. 

(a^  Septic  tank  diRpaaea  «t  part  of  «ewa«e. 

n>i  .>N-p<i<'  ijink  <l.--ii;n.'>l  for  rit\  nl  li.nTMi  populatioo  but  SBweTa  BMT  edga  of  ctljr  do  not  eater  it  ami 

A(Nr(llii-<'tK  inl'i  Mri'uin 

(D  I'lnax  under  wny  for  coiiiijlete  tliuptwil  xyKletn, 

Sewer  from  eo^rt  Ikmim;  aad  jail, 
(et  (inrliace  hwikxl  by  oca  tract  at  city's  expense. 
(0  ilewer  mm  court  boMe. 


Section  II. 
RIVER  SYSTEMS  OF  INDIANA. 

The  Whitewater  System. 

Whitewater  Kiver  is  located  in  southca-stcrn  Indiana.  It  rises  Iqr  two 
main  branches  in  southern  Randolph  and  Wayne  counties.  The  west  brandi 
flows  in  a  peneral  southerly  diroi-tion  past  Cambridpre  City  and  Connersville. 
Between  Laurel  and  Mctamora  in  Franklin  County  it  bends  toward  the  east 
and  flows  in  that  direction  for  eleven  miles  to  Broo1cvilIe»  where  it  is  joined 
by  the  east  branch.  The  main  stream  bcnd.^  immediately  toward  the  south- 
east and  flows  in  that  direction  to  its  mouth  at  Valley  Junction,  Ohio,  where 
it  empties  into  thfe  Bigr  Miami  River.  The  east  branch  flows  in  a  general 
southerly  direction  Ihrouph  Richmond  to  Brookville,  where  it  joins  the  wcat 
branch.   It  is  parallel  to  the  west  branch  and  about  ten  miles  east  of  it. 

Whitewater  valley  is  situated  in  the  rocks  of  the  Cincinnati  series.  The 
west  UufF  of  tlie  west  branch*  thnnighont  its  course  above  Metamoraf  is- 
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capped  by  a  coiwiderabte  thickness  of  linwstone  of  Silurian  age  (Brassfield 

and  Niagara).  The  Niagara  forms  a  distinct  divide  parallel  to  and  just 
west  of  the  west  branch,  along  its  upper  course.  The  crest  of  thi.s  divide 
forms  the  western  edge  of  the  Whitewater  basin.  This  condition  causes  the 
western  tributaries  of  the  west  branch  to  be  very  short  and  Yory  swift  streams. 

The  Whitewater  basin  lies  entirely  within  the  area  covpred  by  tho  Illinois 
idacier.  The  Wisconsin  glacial  boundary  makes  a  great  bend  northward  in 
tills  vidnity.  It  crosses  tiie  west  branch  near  Alpine  and  tiie  east  brandi 
near  Fairfield  in  Franklin  County.  All  the  lartrtT  tributaries  have  their 
sources  in  the  Wisconsin  glacial  area.  The  main  parts  of  the  trunk  streams, 
however.  He  outside  of  this  area.  A  great  valley  train,  whieh  fills  the  valley 
to  a  depth  of  approximately  one  biindred  feet,  extends  throughout  its  course 
south  of  the  Wisconsin  glacial  line.  The  valley-train  is  composed  of  sand 
and  gravel.  The  headwaters  of  both  brandies  are  within  the  deep  gladal 
deposits  of  the  Wisconsin  glacial  area.  These  conditions  malw  the  diadiarge 
of  the  stream  fairly  constant. 

The  drainage  basin  of  the  Whitewater  River  in  Indiana  occupies  prae- 
tieally  four  counties,  Wayne,  Fayette,  Union  and  Franklin.  Small  portions 
of  these  counties  drain  to  other  streams  and  small  poitions  of  other  counties 
drain  into  Whitewater.  The  drainage  area  of  Whitewater  River  in  Indiana 
is  1,.319  square  miles,  of  which  the  basin  of  the  East  brandi  comprises  314, 
the  West  branch  847,  and  the  main  basin  below  the  junction  of  the  branches 
158  square  miles.  This  foi-ms  3.61 '/<  of  the  area  of  the  state.  The  East 
branch  receives  the  runoff  from  about  fifty  square  miles  of  land  in  Ohio. 

The  U.  S-  Werithcr  Bureau  has  five  observation  stations  in  or  near  this 
basin,  and  the  record  of  these  stations  will  be  used  in  computing  the  amount 
of  water  ftimished  to  the  basin.  The  stations  are  Richmond  and  Cambridge 
City,  Wayne  County;  Connrrsville,  Fayette  County;  Mauzy,  Rush  County; 
and  Greensburg,  Decatur  County.  The  following  table  shows  the  mean  annual 
predpitation  in  inches  for  these  stations  for  the  years  1900  to  1916,  inclusive. 


lonn 

I'.mi 

mi 

IWtl 

i9m 

1905 

1907 

Riehmoad  

411  .V) 

•Jli  '.17 

37  .v> 

34  IW 

41  72 

31  71 

4h.7« 

39  65 

31  .'i5 

■HI  i'l 

41  m 

411  3M 

* 

34.31 

44.54 

in  n 

26  13 

3K  75 

36  m 

37  Bl 

4fl  86 

40  «3 

43  m 

39  17 

31  II 

43  :'3 

411  11 

411  2ti 

4S  'J4 

41.20 

47  0« 

• 

• 

44.  W> 

4'.'  :<> 

41  66 

43  W 

37.** 

43  <I0 

30.92 

2f)  94 

40  KS 

3M  Ha 

39.11 

45.37 

37.19 

45  8« 

IMS 

ISM 

1»10 

t«ll 

l«l> 

IMS 

1S14 

ISU 

33  04 

M, 

...  j.i 

32  22 

34  a5 

sa.a 

«.S7 

48.99 

39.59 

41.13 

39  M 

57.331 

37.04 

44.  M 

KM 

4t.7> 

».n 

as.s7 

SIM 

tt.lS 

M.n 

43.35 

Many  

n.N 

46.70 

4S.ai 

sr.M 

»M 

51. n 

JO.M 

42.33 

».«! 

• 

».» 

• 

».IS 

• 

• 

45.31 

Umm....r..  

3S.f7 

».H 

51.61 

48.M 

Aver»«e  inran  annual  for  nixtt't-a  ymr»       .      ...  39. 4S 


•No  di4t«. 

The  rainfall  of  this  basin  as  shown  by  this  record  is  slightly  hifjhei-  than 
the  average  rainfall  of  the  state  for  the  same  period.  If  all  the  water  were 
carried  away  it  wiwild  represent  a  discharge  of  4,5S7  cubic  feet  per  second 
for  the  ten  years.  Tho  runolT  from  any  re^rion  in  Indiana  is  on  the  avcrape 
about  35%  of  the  rainfall.  This  would  g^ive  an  average  runoff  of  about  1,500 
cUnc  feet  per  second  for  the  ten  yean.  The  rest  ia  lost  by  evaporation,  etc 
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By  evaporation  is  meant  both  the  direct  evaporation  into  the  air  and  that 
taken  up  by  plants  and  animals.  Another  source  of  Ion  is  through  seepage 
in  the  underlying?  strata.  Thv  conditions  for  such  loss  are  good  in  this  val- 
ley in  one  respect,  i.  e.,  the  dip  of  the  underlying  strata  is  aboot  thirty-five 
feet  i»er  mHe  toward  the  west  and  the  liaain  skirts  the  edge  of  a  ttifdoMSB 
of  three  to  four  hundred  feet  of  these  strata.  On  the  other  hand,  the  under- 
lying strata  are  composed  of  limestone  and  shale  which  are  almost  impervi- 
oos  to  water.  Hence  it  is  probable  that  there  is  little  loss  from  tiris  cavee. 
A  uroator  source  of  loss  in  this  valley  is  from  the  underflow  which  pene- 
trates the  valley-train,  to  which  reference  has  already  been  made.  The  loss 
from  this  cause  is  great  bieeatise  tlie  sand  and  gravel  are  very  dean  and 
hence  ver>'  porous.  This  loss  could  be  overcome  by  building  a  subsurface 
dam  to  the  solid  rock  beneath  the  valley-train.  This  would  entail  heavy 
expense  and  would  not  be  profitable  for  any  hydraulic  project  at  Otie  preesnt 
time. 

Gfit/hu/  Stittlmi  on  Whitciratcr  River  at  Crtlar  Gnivr,  Jndmnn. — This  sta- 
tion is  located  at  a  wagon  bridge  which  crosses  Whitewater  River  at  Cedar 
Grove.  The  gage  is  of  the  chain  and  weight  type  and  is  attached  to  the  west 
hand  rail  of  the  Vi  id^re  fif(e<'n  feet  north  of  the  south  pier.  The  length  of 
the  chain  from  the  initial  marker  to  the  end  of  the  weight  is  44.96  feet. 
The  zero  of  the  gage  is  39.14  feet  below  a  bendi  mark,  which  is  three 
inches  each  waj'  from  the  east  corner  of  the  concrete  east  wing  of  the  south 
abutment  of  the  bridge.  The  channel  of  the  stream  is  straight  for  three 
hundred  feet  above  and  five  hundred  feet  below  the  bridge.  The  bed  of  the 
stream  is  of  sand  and  gravel  and  is  very  unstable.  This  causes  eonsiderable 
chanpnnp  in  the  cro.^s-section  of  the  .'^tream.  The  orijrinal  jrapre  was  located 
on  the  wagon  brulKc  at  New  Trenton,  but  the  gage  and  records  were  swept 
away  by  the  flood  of  1913.  The  present  gage  was  installed  on  November  6, 
1916.    It  has  bet-n  read  daily  since  its  in.'^tallatioti  by  Alfred  and  Bess  Brown. 

Discharge  measurements  are  made  from  the  west  hand  rail  of  the  bridge, 
every  ten  feet  from  the  initial  point,  whidi  is  flndi  with  the  south  abutment 
of  tile  bridge. 


DaSky  0009  Heights  on  Whitewalmr  River  at  Cedar  Grove,  /ndtana,  for  JM. 


Day 

NovMnlx»r 

rx<(x>mber  | 

Day 

Norembn- 

U«<uvinlMr 

1 

3  4 

17 

3  0 

9  S 

2 

3  3 

18 

3  0 

7  3 

3 

3  3 

1* 

»  3 

T.l 

4 

• 

3  3 

90 

5  4 

•  1 

5 

SO 

3  3 

» 

5  4 

«.o 

6 

3  0 

3  3 

4  8 

S.8 

7 

3  II 

3  '.> 

as 

4.8 

5.8 

H 

3  0 

3.1 

M 

8.8 

S.S 

9 

s.o 

*.l 

2S 

S.« 

S.S 

10 

>.o 

S.O 

M 

S.S 

s  s 

II 

3.0 

3  1 

27 

3  6 

S  2 

12 

3  I 

3  2 

38 

3.6 

13 

3.1 

3.3 

» 

S.S 

8.5 

U 

S.I 

S.S 

SO 

S.I 

7.4 

IS 

>• 

S.S 

SI 

8.7 

le 

s.o 

<.o 

«(fa«>iiiitiilMNov.<. 
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Daily  Gage  H-tightn  on  Whitewater  Hither  iit  Cedar  Grove,  IndUina,  for  J 916 


iMy 

 ' — 

Inn 



r*?o. 

rasr> 



Apr. 

nay 

•  

— 

—  -  — 



Uei. 

— 

Nov. 

um. 

J 

in  1 

in  7 

J  1 
^  1 

1  It 

1  ft 

1  n 

! ,  S 

1  h 

1  .H 

9 
* 

la  •> 

A  7 

J  *4 

't  A 

•S  d 

1  u 

1  u 

1  .H 

1  -6 

1 . 7 

7  •> 

f  i 

^  1 

J  1 

■J  V 

1  * 

A  1 

Q  1 

4  A 
2  .4 

1  ft 

1  u 

f  It 

1  6 

I  7 

A 

"t 

D  » 

h  0 

1  A 

4  7 

A  II 

£  4 

4  A 

1  n 

1  7 

1  6 

1  7 

R 
9 

i  7 

1  9 

3  S 

A  *> 

A  It 

4  A 

>  .  u 

1  w 
1  n 

1  " 

1  1 

!  I> 

II 
D 

A  'i 

7  K 

<3  O 

^  7 

o  .» 

2  3 

2  4 

1  K 

1  7 

t  A 

2  0 

< 

0.0 

7  n 

•J .  •> 

A  t 

.1  '1 
D  J 

£  i 

^.4 

1  .0 

1 .7 

1 .6 

1 .9 

o 
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O .  m 
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•1  1 

•>  ■) 

%  ll 

2  J 

A  A 

00 

1  a 
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1  m 

1  .B 

1 .6 

>.o 

A 
V 

A  1 

■1  1 

0.  1 

^  4 

On 

1 .8 

Z  0 

1.6 

lA 

JL  A 

1  7 

1  0 

•J  Sf 
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Discharge  Measurements  on  Whitewater  River  at  Cedar  Grove,  Indiana,  during 

1928-1926. 
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Rating  Table  for  WkUewattr  River  at  Crdar  Grove,  Indianth  for  1915-1917 

— Continued. 
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Whitewater  River  is  one  of  the  mo^t  picturesque  rivers  in  Indiana.  The 

prc^icnce  o£  the  vu.>it  amount  of  sand  and  Kruvcl  of  the  valley-train  makes  it 
clean  and  pleasant  to  the  eye.  The  wide,  level  valley  floor  in  very  fertile 
and  with  the  bluffs  u.<;ua11y  wooded  the  view  presented  to  one  ridinir  throdgh 
the  valley  i.s  of  .-urpa.-..-inK  beauty.  The  river  itself  ia  a  succes.sion  of  reaches 
and  rapids,  which  make  it  an  excellent  stream  for  boating:  and  fishing,  thereby 
uttractinK  the  summer  camper.  Many  picturesque  fi.shinK  camp.s  arc  located 
between  Connersville  and  the  state  line. 

While  this  stream  is  quiet  and  safe  in  times  of  ordinary  di-scharpe,  it 
becomes  very  dangerous  during  flood  periods.  The  small,  swift  tributaries  on 
the  west  discharge  very  quieldy  into  the  West  branch  and  tiie  discharge 
from  the  East  branch  h;ivin>r  !i  shnitrr  distance  to  travel  they  arrive  simul- 
taneously at  the  junction,  causing  severe  floodii  in  the  main  valley.  During 
the  flood  of  1913  in  March  the  water  was  constricted  by  bridges  at  Brook- 
villi'  on  the  East  branch.  The>i>  bt  idijes  finally  kiwc  way  and  the  resulting 
rise  in  the  main  valley  was  almost  like  the  rush  of  a  tidal  wave.  Houses 
were  submerged  and  carried  away  before  the  occupants  were  able  to  escape. 
At  Cedar  drove  the  entire  farm  of  a  Mr.  Wilhelm  was  swept  clear  of  build- 
ings which  had  never  been  in  danger  before.  The  loss  to  this  man  alone 
was  approximately  $10,000.  He  has  rebuilt  his  buildings  on  ground  abmst 
tiiirty  feet  hi|^er  than  the  previous  site. 
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Near  the  railroad  station  at  New  Trenton  was  an  old  covere<i  lin'djfe 
which  had  seen  scn'icc  for  many  years.  At  the  end  of  the  bridge  was  an 
devator,  eoal  yard,  lumber  yard  and  saloon  belongintr  to  Mr.  Brawn.  In 

provinu-  Hoods  tho  water  had  rearhcd  tho  floors  in  sorrio  of  those  buildinfrs. 
During  the  flood  of  1913  the  bridge,  btation,  and  entire  business  of  Mr.  Brown 
were  swept  away  almost  instantly.  It  was  stated  by  an  eyewitness  that 
at  one  monuT.t  fverytliiii^  was  in  place  and  in  two  minutes  not  a  stick  was 
left.  Not  only  were  the  buildings  swept  away  but  the  ground  on  which  they 
had  stood  had  disappeared  after  the  flood  receded.  One  man  was  drowned, 
another  .swept  away  to  be  resetted  over  twenty-four  hours  later  from  an 
island  at  Harrison,  Ohio,  where  he  had  managed  to  cling  to  some  drift.  Mr. 
Brown's  loss  was  about  $30,000.  These  incidents  are  merely  a  few  of  many 
such,  and  illustrate  .something  of  the  dan^r  and  hardship  whidi  must  be 
endured  in  time  of  flood  on  streams  of  this  character. 

The  bottom  land  along  Whitewater  River  lies  in  terraces  calle<l  first  and 
seeond  bottoms.  The  flrst  bottoms  are  low  and  are  overflowed  during  any 
ordinary  flood.  The  second  bottom  lies  about  thirty  feet  hi>;her  and  is  only 
covered  during  the  most  extreme  floods.  These  bottoms  are  very  fertile  and 
are  used  almoet  exdusively  for  com,  although  some  wheat,  oats,  rye  and 
vegetables  are  also  raised.  The  tributary  valleys  have  not  been  studied  with 
a  view  to  using  them  as  storage  reservoirs  for  irrigation  water,  but  a  gen- 
eral knowledge  of  their  character  seems  to  lead  to  the  conelnslon  that  sudi 
reservoirs  could  be  constructed  to  irrijratc  the  mtire  Valley  witil  little  trouble. 
This  problem  will  be  investigated  more  fully. 

Three  cities  draw  their  water  supply  from  Whitewater  River.  Conners- 
ville  takes  its  supply  from  the  West  branch  by  a  canal  seven  miles  long  Mid 
uses  the  water  for  power  to  pump  the  city  supply.  The  cities  of  Hagers- 
town  and  Cambridge  City  are  located  about  twenty  and  fifteen  miles,  re- 
spectively, above  Connersvillc,  and  as  a  .safeguard  against  the  contamination 
of  the  water  by  these  cities  the  Conner.sville  water  supply  is  carefully  filtered 
before  using.  Richmond  takes  its  supply  from  the  East  branch.  No  cities 
are  located  on  this  fork  above  Richmond,  but  the  water  is  filtered  to  remove 
solid  matter  and  as  a  safetruard  acrainst  possible  contamination.  Brookville 
takes  its  supply  from  the  Kust  branch  one-half  mile  above  the  junction  of 
the  two  branches.  The  water  of  Whitewater  except  in  flood  is  very  dear 
and  apparently  pure.  The  presence  of  the  preat  quantity  of  Band  tliroUgh 
wliich  it  flows  tends  to  make  it  an  exceptionally  clear  stream. 

The  water  power  now  used  on  the  Whitewater  River  is  a  very  small  per 
cent  of  the  available  power.  The  East  branch  and  the  main  stream  have  no 
developed  power.  The  West  branch  has  two  developed  systems.  One  is  at 
Connersville  and  the  other  at  Metamora  and  Brooikville.  Both  are  of  the 
dcr  flam  type.  In  the  early  part  of  last  centuryf  a  commercial  canal  was 
built  by  the  government  along  the  main  stream  and  the  West  branch.  It 
extended  from  the  Ohio  River  up  the  Whitewater  River  and  northward.  In 
the  latter  part  of  the  last  century  this  canal  was  abandoned  for  tran.sporta- 
tion  purpo.'jes.  Hydraulic  companies  have  taken  advantage  of  this  abandoned 
canal  for  the  construction  of  power  systems.  Seven  miles  north  of  Conners- 
ville a  dam  has  been  constructed  across  the  West  branch  and  the  water  turned 
into  this  canal.  Tho  canal  conducts  the  water  to  Connersville,  where  it  is 
used  for  power.  The  total  fall  on  this  canal  from  the  crest  of  the  dam  to 
the  tan  raee  of  the  Connersville  Hydro-dectrie  Plant  is  seventy-seven  feet. 
Of  tills  fan  about  fifly-fonr  feet  are  used  for  prndudng  power.  All  of  tiiis 
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Depabtment  of  Oonsebvation 


power  is  employed  by  the  Connersvillc  Hydro-electric  Company,  except  8.1 
feet  which  in  used  by  the  McCann  Milling  Company.  The  Connersville  Hydro- 
eleetrle  Company  has  two  plants,  one  <d  wMdi  Is  above  the  McCaim  MOUag 
Company's  plant  and  the  other  bolow.  The  following  table  pives  the  eleva* 
tions  of  several  points  along  the  canal  and  the  fall  between  them.  The  deva- 
tions  are  based  on  the  elevation  of  the  L.  E.  Jk  W.  railroad  atatian,  wUdi  is 
Riven  in  the  U.  S.  Geological  Snrvey  Dictionary  of  Altitades  as  8S8  feet  above 


sea  level. 

Elevation  Fall 

feet  feet 

Tail  race  Idwci  hy<Iro-electric  plant   784.48 

Head  race  lower  hydro-electric  plant   812.28  27.80 

Tail  race  McCann  Milling  Company  plant   813.80  1.52 

Head  race  McCann  Millinp  Company  plant   821.90  8.10 

Tail  race  upper  hydro-electiir  plant   823. J^l  1.44 

Head  race  upper  hydro-electric  plant   841.22  17.88 

Crest  of  dam»  seven  miles  from   Ml. 48  20.21 

Base  of  dam   852.19 

Height  of  dam   9.24 


The  powf'r  produced  on  thi.s  sy.>lcm  is  approximately  400  h.  p.,  of  which 
the  McCann  Milling  Company  uset:  about  &U  h.  p.  and  the  Connersville  Hydro- 
electric Company  the  balance. 

One  mile  below  Laurel,  Franklin  County,  is  another  feeder  dam  which 
turns  the  water  from  the  river  into  the  abandoned  commerdal  canal.  The 
canal  conducts  the  water  sixteen  miles  to  Brookvllle,  where  it  empties  into 
the  river.  The  total  fall  from  the  crest  of  the  dam  to  the  tail  race  at 
Brookville  is  eighty-five  feet.  Of  this  fall  twenty-eight  feet  are  used  for 
power.  At  Metamora,  five  miles  below  the  dam,  the  Metamora  Fhnir  Mill 
utilizes  eight  feet  and  produces  thirty  horse  power.  At  Brookvilk,  sixteen 
miles  below  the  dam,  the  Thompson  and  Norris  Paper  Mill  utilizes  twenty 
feet  and  produces  two  bundled  seventy-five  horse  power.  The  usual  flow  of 
the  canal  is  one  hundred  and  iifty  second  feet,  although  the  amount  of  water 
in  times  of  drouu'ht  i-  rmt  over  one-third  (^f  this  amount.  The  low  water 
discharge  at  the  gane  at  Cedar  Grove  is  eiKhty-eight  second  feet,  which  rep- 
resents the  combined  flow  of  the  east  and  west  branches  of  Hhe  river. 

There  i.s  no  developed  power  on  the  East  hranch  nor  upon  the  main  stream. 
Because  of  the  shifting  nature  of  the  bed  of  this  stream,  the  frequency  of 
floods,  and  the  small  discharge  in  times  of  drought,  it  is  impractioal  to  de- 
velop more  power. 

White  River  System. 

White  River  drains  the  south  central  part  of  Indiana.   Its  basin  eom> 

prises  somewhat  less  than  one-third  of  the  area  of  the  state,  SO.n'A.  It  rises 
in  central  and  southeastern  Indiana  by  numerous  branches,  which,  unite  to 
form  two  mtdn  branches.  The  general  direction  of  drainage  is  toward  the 
southwest.  The  east  and  west  branches  unite  at  the  !«outhweet  ooi  ner  of 
Daviess  County.  The  main  sti-eam  flows  from  this  point  to  the  Wabash 
River  at  Mt.  Carmel,  Illinois.  The  drainage  area  of  the  whole  .system  is 
approximately  11,165  sqpiare  miles.  The  main  stream  drains  188  aquAre  nUcs, 
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tb*  met  braacb  &,889  square  miles  and  the  west  branch  6,284  square  miles. 

Each  branch  has  one  larf(e  tributary  which  joins  it  in  it,s  mifldk-  couisp.  The 
Miiscatatuck  is  tributary  to  the  east  branch,  and  Eel  Kivcr  to  the  west  branch. 
Mttseatatuck  has  a  drainage  area  of  1,112  square  miles  nd  Bel  River  of  1,161 

sqpiare  miles. 

The  U.  S.  Weather  Bureau  maintains  (c»K>ng  stations  at  Anderson,  In- 
(iianupoli.s  and  Elliiiton  on  the  west  branch,  at  Shoals  on  the  east  branch 
and  at  Decker  on  the  main  stream.  The  State  Depurtmcnt  of  Geology  and 
Natural  Resources  maintains  a  (?ap:inpr  station  at  Andiison  on  thv  west 
branch.  The  location  of  these  gages  is  shown  in  tig.  2.  A  private  gage 
was  Inpt  for  a  short  time  in  1909  and  1910  on  the  east  iMraneh  at  Tanne> 
hill  Bridge,  which  la  one  mile  west  of  Taylorville  in  Bartholomew  County. 
The  data  from  this  8>89  u  given  in  the  3ijth  Annual  Keport  of  the  Indiana 
Department  of  Geology  and  Natural  Resources,  pages  46  and  47.  The  read- 
ings from  the  jjaiijes  mentioned  are  taken  daily.  Previous  to  1916  the  gage 
readings  at  Elliston  and  Decker  were  kept  for  i:evc:)  months  of  the  year  only, 
Deeamber  to  June,  inclusive.  This  arrangement  was  carried  on  by  the 
Weather  Bureau  in  order  to  procure  data  on  floods,  moat  of  which  occur  in 
these  months.  In  1916  an  arrangement  was  made  between  the  Weather 
Bureau  and  the  I>epartment  of  Geology  and  Natural  Resources  of  Indiana  by 
which  the  gages  arc  to  be  road  daily  throu(;huut  the  year.  The  Department 
of  Geologj'  and  Natural  Re.^ources  established  a  pape  at  Anderson  in  1!)10 
before  the  establishment  of  the  one  by  the  Weather  Bureau.  When  the 
Weather  Bureau  did  establish  a  gaga  at  tills  point  the  readings  were  only 
tiiken  for  .«cven  months,  so  the  State  Department  continued  to  maintain  its 
gage,  which  fact  accounts  for  the  duplication  for  these  gages. 

The  gage  with  the  best  record  is  that  at  Shoals.  The  records  at  this 
gaffe  have  been  kept  since  1903  with  a  few  short  interruptions.  The  area 
which  discharges  through  this  gage  is  4,914  square  miles.  The  Anderson 
gagtt  has  almost  a  continuous  record  since  1911.  The  area  drained  through 
this  gage  is  499  .'^((uar,^  miles.  The  continuous  record.s  at  Klli.ston  and  Decker 
began  in  December,  1915,  and  the  records  taken  by  the  Weather  Bureau  for 
1916  are  not  yet  available,  so  that  the  available  data  is  as  yet  u.sclcss.  The 
area  drained  through  the  Elliston  gage  is  4,066  square  miles  and  through  the 
Decker  papc,  10,717  .square  miles.  The  pnpe  at  Indianapolis  is  read  every 
day  and  has  a  long  recoi-d,  but  for  the  purposes  of  this  paper  the  records 
axa  of  little  vasb  The  gaga  la  located  below  the  dam  of  the  Indianapolis 
Water  Company  at  Broad  Ripple,  whore  ninst  of  the  water  is  drawn  ofT  in 
dry  seasons.  Thus  the  gage  gives  no  record  of  the  minimum  discharge  of 
tlM  fiwtr  at  this  point.  The  area  of  White  River  basin  above  this  gage  is 
1)610  square  miles. 

Kast  Branch  of  Whit,  Kicrv.  The  east  branch  of  White  River  rises 
along  the  crest  of  the  Niagara  escarpment  in  Henry,  Fayette,  ilush,  Decatur, 
Ripley  and  Jefferson  counties.  The  tributaries  from  this  escarpment  are 
long  streams  with  slipht  fall.  The  larpest  tributary  is  known  as  Blue 
River,  in  Henry,  Rush  and  Shelby  counties.  It  rises  in  the  Wisconsin  glacial 
arear  which  it  leaves  in  Barthokniew  County.  It  then  flows  for  a  short  dis- 
tance  in  the  Illinois  placial  area  and  enters  the  unplaciated  repion  in  .lack- 
son  County.  It  flows  directly  across  the  unglaciated  region  and  re-enters 
the  IllhMis  gladal  area  in  Daviess  County,  in  which  it  continues  to  its 
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mouth.  The  Wisconsin  glacial  deposits  at  the  source  of  this  stream  tend  to 

regulate  the  flow  so  that  it  novov  ceases,  cvon  in  northfin  Rush  County, 
where  the  stream  is  very  email.  A  long  valley-truin  of  glacial  material  occurs 
in  Bartholomew  and  Jackson  counties,  diminishinsr  in  Lawrence  and  Martin 
counties.  This  valley-train  covers  the  imderlying  strata  and  leaves  few  bed 
rock  dum  siteti.  This  stream  flows  across  every  rock  formation  in  the  i>tate 
except  the  Ordovician,  but  only  occasionally  is  bed  rock  exposed  in  the  river 
bed.  These  exposures  occur  where  the  stream  meanders  against  one  of  its 
bluff's. 

The  valley  of  the  east  brunch  of  White  Kiver  is  everywhere  broad  and 
level.  It  is  an  eouellent  farming  region.   Frequent  floods  occur  which  eov«r 

the  lowland  for  great  distances.  Durinior  the.se  floods  the  river  often  makea 
radical  chanfire.<i  in  its  course.  The  loose  sand  and  gravel  of  which  the  bed 
of  the  stream  is  composed  is  easily  shifted  by  the  flood  water.  Gradual 
changes  are  constantly  i?oinf;  on  whereby  the  stream  in  time  entirdy  changes 
its  course.    These  conditions  hinder  the  instnlhition  of  water  power  stations?. 

The  rainfall  in  the  White  River  basin  is  very  near  the  average  of  the 
state.   Several  obeervation  stations  are  located  in  the  basin  and  the  average 

of  these  for  the  la.st  eighteen  years  is  slij^htly  more  than  forty  inches.  What 
part  of  this  is  discharged  is  not  definitely  known.  Kecords  of  the  east 
bnmefa  at  Shoals,  is  furnished  by  the  U.  S.  Geological  Survey  gage,  and 
1^  the  rainfall  records  of  the  U.  S.  Weather  Bureau,  indicate  that  the  runoff 
at  this  point  averaged  3.5.04' <  of  the  rainfall  for  the  eight  years  during 
which  continuous  records  were  kept.  These  data  are  given  in  the  tables  which 
are  computed  entirely  from  government  report*?.  They  show  the  average  depth 
of  monthly  rainfall  and  the  number  cubic  feet  per  acre  for  the  basin  of  the 
east  branch  of  White  River  above  the  gage  at  Shoals  for  eighteen  years,  1898 
to  1916,  indusim  These  averages  were  taken  from  twen^  U.  S.  Weatber 
Bureau  recording  stations.  These  stations  are  listed  on  page  829. 

Tfthle  showing  average  depth  of  monthly  rainfall  in  inches;  and  cubic  feet  per 
acre  of  i.iiurall  for  east  branch  of  White  River  above  the  gage  at  Shoals,  Ind., 
1898- 1U15  inclusive. 
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Mr  

White  River  (Ea.st  Branch)  at  Shoals,  Ind.  This  station  was  r  tab 
lished  June  25,  1903,  by  A.  C.  LooU.  it  is  located  at  the  highway  bridge, 
in  the  Tillage  of  Shoals*  Ind.,  fovr  hundred  feet  shove  Uie  Baltimore  and 
Ohio  Southwestern  Railroad  bridfre.  There  arc  rapid.s  }uA  below  this  sta- 
tion and  also  about  &H  miles  below.  The  gage  is  read  once  each  day  by 
Mr.  O.  H.  Greiot.  The  standard  chain  gage  is  fastened  to  the  railing  and 
metal  posts  of  the  down-stream  side  of  the  first  .'^pan  on  the  left  end  of  the 
highway  bridge.  The  length  of  the  chain  from  the  end  of  the  weight  to 
the  marker  is  46.41  feet.  This  gage  is  established  to  talce  the  place  of  the 
original  vertical  gage,  which  was  fastened  to  one  of  the  piers.  I)ischarp;c 
measurement.*  are  made  from  the  three-span  highway  bridge,  to  which  the 
gage  is  attached.  The  initial  point  for  sounding  is  the  face  of  the  left  abut- 
ment The  channd  is  straight  above  and  below  tiie  station  and  the  eurrent 
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ia  wrift.  The  riprht  bank  is  a  high,  rocky  load-embankment,  and  never  over- 
flows; the  left  bank  is  a  strop,  rocky  bluff  and  docv  not  overflow.  Thr  bod 
of  the  stream  is  rocky  and  the  channel  is  divided  into  three  purt.s  by  the 
bridge  piers.  Bench  mark  No.  1  is  the  stone  cap  on  the  down-otream  end  <tf 
the  flrst  pier  from  the  left  bank.  Its  devation  is  100  feet  above  gage  dattun. 


Mean  Daily  (iage  Height,  in  Feet,  of  White  River  (East  Branch)  at  Sfiouls, 

Indiana^  for  190S.* 
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The  obsorviit  iund  of  thin  .'^  tut  ion  during  1908  have  been  made  under  the  direction 
of  E.  Johason,  Jr.,  diBtrict  hydrographer. 


Dtaetorve  AfenaiirMnenie  of  Whitt  JStver  (East  Braneh)  at  Shoatt,  ItuHauUt  in 
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BaUng  TtMg  for  WhiU  Rii  er  (East  Braruth)  at  SkoaiB^  IndioM,  from  Jime  tS 

to  December  SI,  190.1* 
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'Watar  ^^uiipiy  and  Inicatjaa  Paper.  U.  H.  Gi»k«ieal  itervqr  No.  SO,  pas»210. 

Table  made  rrooi  meooareinents  of  August  4  and  September  24, 1903,  and  January 
21,  lOOI.  Table  should  be  aoourate  to  limitinB  heisbt  in  1803. 


AfeoM  Z>a%  Gage  Height,  in  /<</.  <>f  w  hite  /?iticr  (East  Braneh)  at  Shoala, 

Induinn,  for  J904. 


I>u> 

Jan  • 

Feb  a 

Mara 

Apr. 

.May 

June 

July 

Sept. 

Oet. 

Nov. 

Dee.6 

1 

77 

«•  2 

67  6 

•10 

•7.0 

•4  8 

•5  3 

•3  8 

•3  3 

•3  5 

•3  2 

•3  2 

2 

M  .1 

lili  r> 

6M  1 

m  8 

66  5 

65  6 

6.')  1 

63  7 

S3  3 

K1.5 

63  2 

63  2 

3 

M  t 

> 

fiS  1 

87  2 

65  « 

66  II 

6.1  0 

•3  7 

•3  3 

6.3  ,i 

63  2 

63  2 

4 

64 

IM  1) 

6>i  7 

W  6 

(A  0 

Ii6  II 

fM  8 

•3  7 

63  3 

63  4 

6.3  2 

63  2 

5 

M  1 

61  S 

6K  6 

HI  4 

IW  1 

h.4  li 

<M  7 

63  7 

li.H  3 

6:1  4 

63  2 

63  2 

6 

64  1 

ttS  ."> 

m  1 

W  4 

Ik'.  :i 

«>!>  4 

6t  5 

63  7 

6;t  2 

(a  3 

63  2 

63  2 

7 

64  1 

71  5 

72  3 

m  1 

»»  1 

65  0 

64  4 

63  7 

63  2 

63  3 

63  2 

fi:i  2 

8 

61  0 

72  X 

72  9 

2 

•  Irt  0 

»4  9 

64  3 

63  7 

63  2 

63  3 

63  2 

63  2 

» 

64  n 

74  3 

71 

<W  4 

IH  !l 

IM  7 

iM  3 

fl3  7 

63  2 

6.3  3 

63  2 

li;j  2 

to 

fit  II 

7«  I 

711  a 

fi-  7 

IM  S 

IM  6 

64  3 

n 

<i-l  3 

63  3 

«>3  2 

63  2 

11 

64  0 

77  0 

70  h 

87  5 

IM  7 

(M  5 

64  4 

63  6 

63  3 

63  3 

63  3 

6.3  2 

IS 

•4  0 

76  0 

69  H 

67  3 

64  7 

64.4 

■4  5 

••.• 

63  3 

63  3 

•8.2 

63  J 

13 

•4  0 

72  h 

69  t 

67  0 

64  7 

64  4 

•4  5 

■3  5 

63  3 

63  3 

•3  2 

63  2 

14 

(H  0 

68  .1 

(W  9 

66  H 

M  fi 

(M  .T 

M  .1 

63  .1 

K\  3 

6.3  3 

63  2 

63  2 

IS 

64  0 

6fi  .'i 

IW  7 

66  % 

M  Ki 

»M  t 

IM  1 

lit  S 

(>:i  3 

63  3 

63  2 

63  l> 

16 

•1  0 

66  0 

6H  U 

66.2 

64  5 

64  3 

tM  5 

63  5 

63  2 

63  3 

63  2 

63  0 

17 

•4.0 

•5  9 

•?.• 

••.0 

•4.a 

•4.5 

•4.3 

•3.5 

•3.2 

•3.3 

•3.3 

•3.1 

IR 

•10 

6S  6 

87.5 

«8 

••  s 

64  6 

64  3 

63  5 

63  4 

63  3 

•3  3 

63  1 

19 

64  1 

6.5  4 

67  6 

•5  6 

66  .1 

64  7 

IM  i 

M  5 

63  7 

63  3 

63  2 

63  2 

20 

64  1 

M  2 

67  7 

65  4 

64  .'. 

64  'J 

«M  1 

lU 

6:t  6 

63  3 

63  2 

M  2 

21 

64  6 

«!>  1 

67  7 

•5.3 

64.5 

64  9 

fl4  2 

63  6 

6;i  5 

63  3 

63  2 

6:{  2 

22 

•0.4 

•7  3 

68  fl 

•6.2 

■4  5 

64  9 

64  2 

63  6 

63  5 

63  2 

63  3 

•3.2 

2> 

73  3 

08.3 

74  4 

•S.I 

•4  « 

64  8 

64  2 

63  6 

63  4 

63  2 

63  2 

63  2 

24 

73  S 

60  6 

75  2 

65  1 

64  7 

<M  K 

(M  1 

A3  5 

63  4 

63  2 

63  2 

63  3 

2i 

74  2 

70  9 

7K  4 

65  2 

64  l> 

»M  K 

IM  1 

Ivi  4 

63  4 

63  2 

63  2 

6;(  4 

2» 

74  i 

70  6 

K7  1 

6«  S 

64.6 

64  K 

64  n 

63  4 

83  7 

63  2 

63  3 

63  9 

27 

74  8 

69  4 

87  7 

67  S 

•4.^ 

64  H 

64  n 

m  3 

63  8 

63  2 

63  3 

•4.5 

20 

7J  0 

68  0 

92  K 

68  6 

•4  • 

•5  3 

113  9 

M  3 

63  K 

63  2 

63  3 

•5  3 

39 

73  2 

•7  3 

9h  0 

<H.4 

•4  • 

•4  K 

M  « 

H3  3 

63  7 

63  2 

63  2 

•6  0 

30 

•7  N 

9<  9 

C7.S 

•4  • 

•5  4 

tkl  M 

63  3 

63  5 

63  2 

63  2 

66  3 

31 

Ui 

...:...| 

•3.4 

•4.7 

03  8 

•3.3 

•3.2 

1 

J  

••0 

*WKMr  Suppl.v  .tn<l  Irneiition  Papnr,  No.  lit.  pts*  04. 
•Im  oowlitKuu  Jiiiiu;ir.\  .  Kobrnwy  and  Mateb;  uaeortaiB. 
•FWaaa  Dcgember  15  to  31. 
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Department  of  Conservation 


DUeharge  Metuwrtmenis  of  White  River  (East  Bmneh)  ol  Shoab,  InSmOf  in 

im.* 


Hydrainphiv 


WidOi 


Ar«»  of 

Si'«tion 
8q.  Kt. 


M«HiV«l. 


Ueixht 
Ft. 


Sw.  Ft. 


Juoary  M  

March  S  

Mutk»..... 
lUy  <  

luw  M  

Inly  M  

Aacust  24 

Saptcmber  IS 
Oetobor  20... 
NovwBbar  S. 


r  W  HaDiu 
V.  W  Haniw 
F.  W  Hoiina 
K.   W.  Hannn 

JohoMm  

F.  W.  HiM... 
F.  W.  Haian  . 
F.  W  Hitnnn 
K.  W  llitnna 
F.  W. 
F.W. 


anil 


m 

477 
3M 


4.  MS 
S.SSI 

I3.4tO 

1.124 
7W 
SIS 
379 

373 
S7l 


4.SI 

4.  W 

6  no 

3.73 

5.  W 

t.«0 

I  28 
I  M 
1.07 


73.47 
68  64 

M  20 

65.43 
M.» 

CS.M 
63  32 
63  24 
63.23 
«.17 


I9.0W 
II. SW 

70.820 

4.lliO 
l.UI 
R» 
484 
397 
3B6 


•Watw  SnMr  nd  IrricMini  Vm>t.  No.  Itt.  mw*  IS. 


Rating  Tt^le  for  White  River  (EaM  Bmnch)  at  ShoaU,  Indiana,  from  Januagy 

1  to  December  Jl,  190i.* 


Ot»  Bdglit  F«t 

Oiaelwrge  flN.-Ft. 

Oaf*  Hoicht  Feet 

Diaohuia  8M.-Ft. 

63.0 

915 

•T.S 

7.610 

n.i 

SM 

WA 

8.110 

n.a 

SM 

n.t 

8.610 

n.a 

440 

9.110 

n.4 

m 

H.O 

9.610 

sa.s 

AOS 

M.S 

in.KBO 

63.e 

•M 

«.o 

12.110 

63.7 

790 

M.S 

13.340 

63  H 

HW 

TD.O 

14.610 

63  !> 

m) 

W.S 

19.860 

64  0 

I.KKI 

71.0 

17.110 

64.1 

1.210 

71.5 

IX.Itilt 

64  2 

1,330 

78.0 

lo.(>:ui 

64  3 

1.454) 

7S.5 

Sn.930 

6t  4 

\.m 

31.0 

22.230 

64.5 

1,710 

n.5 

23. W 

6(.S 

i.sm 

74.0 

24. -OO 

64.7 

2.000 

75.0 

27.4.10 

64.8 

2.  ISO 

Tt.O 

30.030 

64.» 

2.310 

S'.O 

32.530 

Sft.O 

3.470 

40.4.10 

as.i 

2.640 

S3.0 

4«.  JtH 

ts.t 

2.830 

54.0 

50.830 

ts.s 

S.OI* 

as.o 

53.480 

••.4 

S.210 

87.0 

58.8a» 

a».t 

3.ft40 

58.0 

81.230 

«.S 

4.110 

OO.O 

(Ml.  430 

M.« 

4.6U> 

•1.0 

69.030 

w.a 

a.  no 

•t.O 

71.080 

M.4 

S.6I0 

«S.O 

74.SS0 

66  8 

8.110 

•4.0 

70.880 

66  H 

11.610 

•5.0 

78,480 

67.0 

7.110 

'Water  ftvply  Md  IniiiUiM  E^r,  Nn.  188, 

Tlif  .ilxjvi'  l.ililc  irt  appHcAblc  only  fur  <)|M'n-<'hamid  nrndil ions.  It  is  l)!i.sf(I  tipoo 
tliirlceii  dittcharKi'  tiiuaAireinents  made  during  1903  aiid  l<J(i4.  It  is  well  defined 
between  gage  heighU  63 . 2  and  AS .  4  feet .  Above  gage  height  72  feet  the  rating  eurve 
io  a  tangent,  the  difToronro  hoiiiR  'M)  lu-r  fcndi. 

Two  flood  measurements  above  65.4  fei>t  gage  height  define  the  tangent.  The 
table  hao  been  extended  beyond  these  limits. 
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DaOlf  Ga^e  Heighi  in  Feet,  of  Ettat  lirunck  of  White  Rit^er  at  SlwaJs,  Indiana, 

fwr  1905* 


ttm. 



Feb. 

M*r. 

. 

Apr. 

May 

JUM 

1 

n.9 

M.4 

66  0 

67.0 

mm  M 

M.4 

9 

M.O 

M.O 

68.4 

M  0 

67  2 

M.8 

3 

M  7 

•S.S 

67  9 

(Wl  It 

B7  5 

66  4 

4 

M.5 

63.8 

liS  II 

li-'i  ft 

(>7  11 

65.8 

S 

M.3 

81.7 

68. 1 

65  3 

65.8 

M.4 

e 

•4.3 

a.7 

•T.I 

M.O 

M.l 

M.X 

7 

64  1 

8S.7 

M.7 

M.O 

67.0 

M.O 

H 

M  9 

6.1  7 

67  1 

M  H 

67  3 

64  9 

9 

b.1  7 

63  7 

70  6 

M  7 

67  5 

64.9 

in 

63  6 

63  H 

71  5 

tti  5 

68  U 

M  0 

II 

u  !• 

63.0 

in 

Kl 

m!8 

M.O 

13 

65  S 

64.0 

70  0 

65  S 

M.« 

MB 

13 

6.5  5 

64  2 

68  9 

6.5  4 

71  6 

64  6 

14 

6fi  4 

»4  4 

67.2 

6.5  4 

72  8 

63  5 

15 

lie  (1 

64  5 

66.4 

65  2 

74  0 

64.4 

Ifi 

fi.5  7 

64  « 

M.O 

as  0 

75  2 

M.S 

17 

m  Si 

64  4 

65.8 

64  H 

76  2 

M.S 

18 

67.2 

64  2 

65  5 

64  '  < 

75  3 

M.l 

1» 

6S  8 

64  0 

6.5  4 

64  .'i 

7  -2  3 

64  3 

30 

6S  3 

at  9 

65  2 

(A  4 

69  7 

64.8 

31 

64  7 

1,4 

65  2 

M  6 

67  4 

65. 0 

22 

64.5 

65  II 

65  1 

66  6 

m  4 

65.4 

23 

64.4 

65.2 

65.0 

67  7 

««  0 

65  6 

24 

61.8 

66  0 

65  0 

68  7 

65  6 

65  8 

2S 

63.8 

67  1 

65.0 

67  5 

65  4 

65  4 

2« 

63.8 

70  3 

M  0 

(>;  0 

65  2 

65  1 

27 

63.9 

71.6 

65.0 

06.9 

65.1 

64.0 

n 

M.a 

M.I 

M.7 

M.4 

M.O 

M.7 

» 

M.O 

M.S 

M.« 

M.O 

M.O 

M.O 

M.« 

M.4 

M.O 

M.4 

SI 

IS.t 

M.O 

M.O 

July 

Au«. 

Nm- 

Dm. 

1 

64  3 

KX  K 

65  1 

63  y 

65  6 

66  3 

3 

64  2 

(i.'>  b 

64  0 

65  4 

69  « 

3 

64.1 

6:(  8 

65  11 

64  0 

65  3 

70  0 

4 

M.l 

U  7 

64  7 

64  1 

65  2 

71.0 

S 

M.O 

M  6 

64  3 

64  1 

66  0 

70  8 

6 

64  n 

6.1  6 

64  2 

64  3 

66  5 

69  3 

7 

64  0 

(Kt  5 

64  2 

t,\  :> 

m  .'■ 

tvH  4 

8 

M.O 

63.6 

64.0 

64  6 

e«.8 

67  0 

0 

M.O 

H.7 

M.O 

M.O 

07.0 

M.O 

10 

HO 

M7 

MO 

M  4 

M7 

MO 

II 

64  0 

S.1  K 

64  1 

64  ? 

66  2 

U  4 

12 

64  3 

M  (1 

ii4  2 

n(  1 

l>5  H 

65  3 

13 

64  3 

61  1 

64  1 

64  U 

65  5 

M,2 

14 

M.l 

M.8 

M.l 

M.O 

M  2 

M.I 

IS 

M  2 

M.2 

M.2 

M.8 

U  3 

M.O 

16 

64  2 

6.5  7 

64  2 

6.1  8 

6.5  It 

64  9 

17 

64  2 

64  1 

64  2 

61  0 

tV4  '1 

64.8 

18 

64.1 

64  1 

64  1 

65.3 

61  n 

64.7 

19 

64  0 

M.O 

64  0 

N.I 

64.8 

M.8 

20 

64  0 

66  7 

64  0 

71  1 

64  8 

M.O 

31 

63  9 

6«  1 

64  2 

69  4 

64  9 

M.8 

22 

63  '.t 

6.5  9 

64  3 

69  8 

ftS  II 

•7.0 

23 

64  0 

65  N 

64  3 

6.S  7 

61  9 

68.3 

24 

64  4 

6«  0 

64  1 

r37  3 

64  8 

68  4 

35 

64  4 

««  0 

M  II 

67  M 

M  7 

68  5 

26 

64  ^ 

65  9 

63  9 

68  II 

64  7 

67  9 

27 

64  3 

65  7 

63  H 

67  9 

61  7 

66  0 

2» 

ft4  2 

65  4 

6.  )  8 

68  n 

64  9 

66  5 

29 

i>4  0 

65  3 

)M  8 

67  3 

65.1 

66  0 

3U 

tW  9 

65.3 

63  8 

66  6 

«5.8 

65  9 

31 

63  8 

M.O 

M.O 

65  8 

*WMw  8Mvly  Md  InkKtka  Ptapw,  No.  I«.  piwi  87. 
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322  Department  of  Gonbbbvation 


Discluirgc  MetLsuremenlH  of  Kml  Branch  of  Wintv  River  at  iHiotiJs,  Indiana, 

1905.* 


HjnbairaplMr 

Width 
P«t 

Are*  of 

aq.  Ft. 

M«MUI 

Vcioeity 

■  Ftt 

DiM-lianrc, 
Fcrt 

Ibnhtl  

MmylS  

ilUM-  15 

October  16  

S  K  C'liiiip   

M  S.  Hreniuui. 

S.  K.  Clapp  

M.  M.  Ureaaaii  

355 
406 
330 
313 

4. -MS 
744 
504 

4  2S 
4  26 
2  47 

.74  1 

WOO 

73  SH 
04  4n 
«3  HO 

e.ogo 
Ik.  13<> 

I.M3M 
W2 

*Wal«r  Supply  awl  brifftiM  Pmv.  No.  m.  S7. 


Station  Rating  Table  for  East  Branch  of  White  River  at  Shoala,  Indiana,  from 

Jvamary  1  to  I>«onii6er  8i,  190S.* 


Gaga  Haifht 

GavHtftfit 

Oiaeliaiia 

IgwH^ 

Oiwhaiflt 

Diadiaifla 

FMt 

SM.-ft. 

1  Faat 

8w..ft. 

63  S« 

570 

•S  40 

4.041  . 

67  30 

,S,.19(J 

1       70  40 

15,520 

63.60 

670 

65  .W 

4.266  1 

67.40 

H,620 

70  60 

15.980 

63  7I> 

790 

65  tW 

4.492 

67  SO 

70  80 

16,440 

e:i  81) 

9m 

6S  70 

4,718  ' 

'       67  «0 

9,  USD 

71  no 

16.900 

6;{  »«» 

1.C140 

65.  IM) 

4.1M5 

ti7  70 

9,310 

71  21) 

I7..-MH) 

64  OO 

I.IW 

ts.w 

5.172  i 

,  67.(10 

V.&40  , 

71.40 

17.820 

•4.10 

1.3M 

M.O0 

«.«• 

i7.W 

•.77B 

7I.«> 

l6,2iW 

«4.]0 

1.800 

M.IO 

».«SB  1 

'  «.W 

lo.mo  1 

71  .m 

18.740 

64  30 

1.673 

m  2(1 

.'..MO 

'       (W  20 

10,460 

'      72  00 

19.200 

64  40 

I..KM 

ii,ir.i<i 

i>  41) 

10.920 

72  .V) 

20.350 

•4.II0 

3.051  I 

I  66.40 

6.32U 

6!>  60 

ll.3!M 

73.00 

21.500 

M.N 

a.M 

M.50 

6.560 

08  MO 

II. MO 

73.W 

2S.70O 

•4  70 

3.47* 

66.60 

0.7W 

69  <)0 

12.300 

74.00 

».N0 

64  M\ 

2  Tim  \ 

66.70 

7.010 

69  30 

12,760 

74.50 

35.100 

64  Wl 

66.80 

7.240 

66.40 

13.220 

75.00 

26.300 

65.(10 

14^ 

66  90 

7,470 

6«.«0 

13.660 

75  SO 

27.S00 

«.10 

3.  .165 

67.01) 

7.700 

flS.dO 

13,140 
14.000 

76.00 

38.700 

«.» 

3.502  1 

67.10 

7.9:10 

70.00 

70.(0 

30.000 

«s.so 

3.816 

87.20 

8.160  1 

1 

70  20 

15.060 

No«»-Tlie  above  UUa  ia  awlicabU  only  lor  opea  chanaal  cooditfcw.  It  ia  bated  oa  14  diaeharga 
wiBawwHwH  nada  duriw  iaO»-tm.  It  ia  lairljr  mU  tfefiaad  faatma  Ma  Mghta  M.I  fwt  wd  W.O  ImL* 
Tlw  tabia  baa  ba«a  artaadad  b«yoad  thoM  limlta  bail*  bawd  ob  oaa  mMiramtat  at  9S.2  roH.  TMa  iwaaaara 
iDaat  mir  baaoaridmUjr  iaamrswiai  to  haakwatcr. 

nratar  9mit9  aad  Mairtloa  Fl^,  Kbi.  I0«.  pac»  8S. 


IHidmrgm  MwurtmmU  of  Boat  Branch  of  WhUe  River  at  Skeab,  IndUmth 

in  1906.** 


OMa 

Uydravapher 

Width  Faet 

Art*  U 
8BBtiaaM«|.lt. 

Gate  Haiiiht, 
Faal 

DiMliarpe. 

8m».  tt. 

Ftbnniy  U*  

Maicli      •...•.*..... . 
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S.SiO 

64  90 

urn 

74.01 
8B.tt 

•o.ao 

2,S5U 
3,200 
20,000 
37.800 

ii.4<n 

'Tliio  IOC  ruojuoic- 

**Watar flapply awlIrriiBtiaa Paper,  No. 20B,  pi«» «. 


Digitized  by  Gopgle 


Hand  Book  op  Indiana  Geology  .  328 


Ihiiltf  (lage  Height,  in  Ft  i'ttOf  Eiutl  Hmncli  of  While  River  iit  ShutUs,  Indittna, 

for  1906* 


Jm. 

Fib. 
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 „  . 

Apr. 

 ,  
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1 

OS  H 
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•5.2 

-  84.5 

05.0 

•i.S 

•i 
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•S.I 

••.O 
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•4.3 

3 
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87.4 

64.2 

4 

7«  4 
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5 

TS  l> 

65.0 

70.  H 
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04. H 

05.1 

6 

73  5 

M.8 

7D.2 

•5.7 

•5  0 

•4.8 

7 

73  0 

M.e 

88.8 

83.8 

65  1 

M.7 

S 

72  S 

M.3 

•7.4 

77  n 

6.^  0 

M.8 

• 

71  3 

•4  3 

•6  3 

73  2 

04  H 

MS 
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61  4 

66  0 

"2  0 

04.7 

M  7 

n 
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60  0 

71  0 
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M.S 

13 

66.0 

•1.7 
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U 

«.4 

•4.7 
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70.0 

64  5 
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14 

Ml 
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••.7 
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64.5 
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IS 
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t« 
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MS 
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W>  J 
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18 
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19 
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ao 
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•5.6 
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Not*— iiUgbt  IM  eoMlitioaa  diiriag  part  a(  FobniM-y,  but  flow  waa  probably  not  much  advctod  Ibereby 
•Watw  avply  wd  bri^tina  Papar.  No.  305. 


Rating  Table  for  L'ujit  Bravch  of  While  Kivcr  at  SlwaUt,  Indiana,  for  190$ 

and  1906.* 
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Dbpaktmbnt  op  Conservation 


The  fullowiiig  meafliurement  was  made  October  12,  1908;  Width,  275  feet;  area, 
331  aq.  ft.;  ga^e  height,  63.2  feet;  discharge,  345  aeoond-feet. 


Daily  Gage  Hright,  in  Fti  t,  o/  k^ast  Branch  of  White  River  at  Shoal*,  Indiana, 

for  1908.* 
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Aw.  • 
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11 
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ass 
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t« 
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3 
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22 
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23 
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24 
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03.3 

25 
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Ratii^f  Tabh  for  BoH  Branch  of  White  River  at  ShoaU,  Indkma,  for  1909 

to  J90H* 
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5.860 
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08.60 

11,230 

63  70 

770 

OS  10 

3.  ISO 
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fifl  40 

12.670 
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1.270 

05  SI) 

4.360 

60.80 

7.900 

69.60 

13.030 

M.aB 

1,410 

66.60 
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67.00 

8.10O 

08.60 

13.390 
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1.(60 

66.70 

4.0MI 

61.30 

8.S0O 
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Dailj/  Gage  Height,  in  Feet,  of  Ewtt  Draneh  of  White  River  at  Shoals,  Indiana, 

for  1909* 
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m 
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2  8 
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3  1.1 

3  S 

3  5 

tt  0 
11  If 

3  65 

4  3 

2^7 

2.3 

3  (15 

3  75 

K 

9 

9  1 

2  6 
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3  5 

6  1 

5  4 

3  5 

4  1 
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2  3 

3  I) 

3  6 

A 
V 
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J  7 

.1 
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0  1 
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.(  II 
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§ 
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5  ;j 
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n 
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7 
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11 
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'2 

3  6.1 

» 
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SI 
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13 
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U 
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10  y 
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IS 

2.3 
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U 
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S.l 
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S.2 
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7  9 

3.0 
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a 
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S.2 
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3  115 

8  65 

IB 

3.4 

5  6 

IV  4 

1  H 

7  * 

4  2 

7  9 

3  1 
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10 

1.4 

S.7 
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SI 
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33 
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8  4 

4  li 

3  ll 

3  7,1 

3  2 

2  4 

3  .^1 

4  II 

4  0 

2S 

2  3 

12  2 

4  0 

7  2 

4.4 

3  6 

3.6 

3  25 

2  4 

3  8 

4  2 

3  7 

M 

3  4 

12  2 

4.0 

6.3 

4.4 

3.0 

a.« 

t.as 

1.4 

a.«6 

4.6 

4.0S 

27 

2  4 

13.2 

4.1 

S.« 

S  3 

3  7 

3  6 

3  4 

2.4 

4  25 

S  IS 

4.3 

38 

3  4 

14.3 

4.0 

s.o 

7  6 

4  1 

3  as 

3  4 

2  4 

4  Vi 

5  IS 

3.7 

39 

2.4 

4.0 

s.4 

8  6 

4  7 

3  35 

3  3 

2  4 

4  05 

4  8 

4  0 

30 

2  4 

3.11 

7.4 

9.0 

4.6 

3.S 

3.1 

2.4 

3.7S 

4.4 

4.0 

31 

3.3 

3.9 

10.1 

LIS 

1» 

3.U 

4.1 
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To  corrcliite  the  ahovi'  t:il>lt>  willi  prfviiiiis  pifte  rcadingB  add  61  feel.  The  gage 
wa8  r('-c.st!il>li8hf(l  Jan.  1,  I'.Nl'i  and  the  dututn  raiaed  61  foot. 


DaUy  Gage  Height,  in  Feet,  of  East  Braneh  of  Whttt  River  at  Slwals,  Indiana, 

for  t9J0* 
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2  S 

9  2 

2  s 

2  0 

4 

A 

3 

1 

3  0 

32 

18 

0 

6 

8 

4  0 

o 

4  3 

2  8 

9  41 

2  7.1 

2  «i 

4 

:t 

1 

2  S,5 

23 

17 

6 

K 

1 

3  9 

5 

.1  0 

2  7 

7  S.1 

2  91 

2  A 

4 

31 

3 

I 

3  0 

24 

16 

0 

9 

1 

3  8 

4 

K 

.1  4 

2  7 

«  21 

2  H 

2  6 

3 

3 

1 

30 

25 

8 

8 

6 

3  7 

4 

5 

.1  3 

2  7 

5  2 

2  7 

2  7 

i 

2 

3 

<»5 

3  0 

26 

'? 

4 

S 

3 

3  7 

4 

■> 

.1  I 

2  7 

4  45 

2  7 

2  8 

1 

3 

0 

2  S 

27 

7 

3 

3 

3  7 

4 

1 

4  S 

2  H 

4  3 

2  8 

2  8 

4 

0 

3 

0 

s 

28 

6 

3 

12 

3 

3.6 

4 

U 

4  6 

3  2 

4  23 

3  9 

2  7 

3 

9 

3 

75 

3  25 

20 

s 

8 

3.0 

S.O 

4.3 

3.1 

4.6 

3.0 

2.7 

3 

8 

4 

85 

4.25 

30 

s 

8 

3  6 

so 

4  0 

32 

5  3 

2.0 

2.7 

3 

7 

5 

45 

6.0 

31 

s 

7 

3  5 

3  8 

5  0 

2.0 

a  T 

7.7 
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Daily  Gage  Height,  in  Feet,  of  Ea»t  Branch  of  White  Rirer  at  Skoata,  Indiana, 

fvr  1911.* 


Inn. 

Frb. 

Mnr 

Apr 

May 

June 

Jaly 

8«pt. 

Oct. 

Nov. 

Dte. 

■ 

9  11 

rj  H 

U  o 

7 

0 

7  2 

7 

3  4 

3 

OS 

2  45 

2 

5  4 

3  6 

5  8S 

* 

n 

3 

I.  !• 

«  3 

G  H 

I 

M 

3  5 

3 

13 

2  45 

2 

2 

N  A 

3  A 

5  8 

0 

II 

III 

1  1  K 

5  7 

V  1 

lU 

3  4 

3 

15 

2  4 

2 

3 

12  4 

3  45 

S  35 

A 

10  5 

10  2 

5  2 

9  ft 

in  4 

3,5 

3 

<B 

2  4 

2 

1 

12  1 

3  5 

5  ri5 

II 

9  \ 

H  5 

4  9 

12  2 

10  2 

3  7 

2 

05 

2  3 

2 

75 

1 1  3 

3  5 

4  X 

A 

a 

7 

S 

7  <* 

4 

N 

14  7 

9  9 

3  4 

2 

K.1 

2  4 

3 

4 

9  ^ 

3  75 

4  45 

7 

«  4 

ft  1 

5 

1 

9  0 

3  5 

2 

h!, 

2  3 

3 

1 

S  75 

5  15 

4  35 

g 

S  4 

8  6 

19  4 

8  7 

3  N 

2 

SS 

2  4 

IS 

7  6 

6  2 

4  2 

• 

«.o 

7.0 

10.0 

nil 

0.1 

4  4 

2 

M 

2  5 

3 

25 

7  I 

A  2 

4  05 

10 

4 

B 

70 

II 

« 

IS  s 

s.s 

4  3 

! 

85 

1  4 

3 

55 

fi  1 

A  2 

4  (15 

■  ■ 

4 

7 

II 

7 

M  I 

4 

2 

1  1) 
4  " 

2 

95 

'>  \ 
£ 

3 

3 

5  25 

5  75 

12 

4 

6 

S  7 

10 

6 

12  1 

4 

4 

3  7 

o 

95 

2  4 

3 

2 

4  7 

(al 

6  6 

13 

4 

» 

5  3 

9 

4 

9  1 

4 

4 

3  4 

2 

N5 

3.4 

3 

4 

4.4 

in) 

7  15 

14 

7 

i 

SO 

8 

1 

13.4 

4 

2 

3  3 

3 

75 

2.0 

a 

« 

4.1 

la) 

8  8 

IS 

S 

« 

4  • 

« 

6 

IS  7 

4 

2 

3  2 

1 

75 

>  4 

3 

7S 

U» 

la) 

10  9 

18 

12 

3 

4  S 

S 

6 

lA  6 

4 

1 

3  0 

2 

75 

2  4 

3 

7 

(a) 

lul 

110 

17 

12 

e 

4  S 

5 

1 

17  5 

3 

9 

3  OS 

2 

75 

2  4 

4 

45 

Ui 

■a) 

10  e 

IH 

11 

0 

5  0 

4 

8 

IS  H 

3 

9 

3  05 

2 

75 

3-3 

< 

6 

5.35 

(ai 

10.15 

19 

10 

2 

5  3 

4 

5 

19  0 

3 

7 

3  95 

2 

75 

3  » 

8.«l 

O.OS 

111 

O.M 

20 

H 

7 

5  0 

4 

5 

IS  3 

3 

7 

3  A5 

2 

75 

2  3 

8  3S 

«S 

la) 

•.as 

31 

7 

I 

7.0 

4 

5 

H  i  .' 

1 

3  15 

2 

«5 

2  2 

« 

2 

A  3 

5  4 

8  0 

22 

e 

S 

7  0 

4 

5 

i;i  <» 

! 

3 

3  05 

2 

5.'. 

2  2 

5 

.3 

6  *I5 

5  55 

7  0 

23 

7 

n 

7  « 

4 

4 

III  1 

4 

>l 

3  m 

2 

45 

2  'in 

4.8 

5  5 

5  3 

«  3S 

24 

7 

V 

ON 

4 

2 

X  .\ 

4 

9 

3  15 

2 

45 

2  3 

4  4 

4  K5 

(a) 

6  M 

2& 

7 

7 

«  4 

4 

•2 

7  5 

4 

7 

3  25 

2 

45 

■>  2 

3  85 

4  3 

5  35 

5  7 

M 

7 

0 

«  4 

4 

2 

A  6 

4 

0 

3  1.5 

> 

4.) 

2  3 

3 

6 

4  1 

5  3 

5  5 

27 

e 

3 

«  R 

4 

2 

SO 

4 

2 

3  ii.'> 

1 

4.'. 

2  2 

3  45 

4  1) 

8  0 

5  5 

28 

A 

7 

7  2 

4 

7 

5  5 

4 

0 

1'  !  »  .'. 

■J 

4.'. 

'1  ■> 

;t 

1.5 

;(  HS 

5  7 

5  75 

29 

H 

II 

5 

« 

5  2 

3 

7 

2  !I5 

2 

4.i 

■}  "l 

r> 

.t 

:f  7 

.5  45 

•  2 

JU 

10 

7 

•  5 

5  1 

I 

A 

2  95 

4,5 

2  2 

5  «.'. 

3  b5 

5  5 

e  45 

M 

U.1 

•.S 

A 

2 

4.5 

2  3 

3  6 

6  5 

(a I    No  ri'roril 
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Dot/y  Gage  Height,  in  Ftet,  of  Ea^t  Branch  of  White  River  at  ShoaU,  Indiana, 

for  191t.* 


Day 

Jan. 

F.-I). 

Mur 

.\pr 

-May 

Jim 

le 

July 

Auk. 

.St<pl . 

Oct 

Nov 

1 

6  8 

8.0 

21  5 

1" 

H 

1" 

3 

a 

0 

3  4 

2 

N 

4 

2 

3 

4 

3  0 

2  7 

! 

7  7 

SO 

22  N 

1!) 

4 

li> 

M 

4 

A 

3  •> 

2 

U 

4 

1 

3  4 

3  0 

2  4 

3 

8  3 

7.4 

33  7 

20 

4 

15 

I 

4 

3 

3  5 

2 

8 

3 

7 

3.0 

2  9 

3.1 

4 

7ft 

•  ft 

23.5 

21 

0 

13 

4 

1 

3.8 

2 

7 

3 

5 

3.1 

2  9 

s.o 

5 

«  ft 

5  3 

17.4 

18 

4 

11 

1 

3 

0 

4  1 

2 

8 

3 

3 

2 

9 

3  0 

2  S 

i 

5  3 

4  A 

OS 

17 

2 

10 

7 

3 

s 

4  2 

2 

6 

3 

2 

2 

9 

2  9 

2  5 

7 

4  4 

4  5 

•  S 

17 

A 

10 

1 

3 

H 

4  1 

2 

7 

3 

1 

2 

s 

3  1 

2  7 

N 

4  1 

4  0 

5  7 

15 

5 

10 

5 

3 

7 

5  0 

2 

N 

3 

1 

3 

tl 

3  1 

2  0 

9 

4  4 

4  1 

A  7 

12 

8 

9 

9 

3 

A 

5  8 

2 

5 

2 

H 

'> 

9 

3  2 

3.0 

10 

4  5 

4  3 

7  9 

10 

4 

8 

5 

3 

5 

5  3 

2 

6 

it 

1) 

2 

9 

3  1 

3  2 

II 

4  5 

5  1 

8  8 

8 

8 

7 

9 

3 

5 

5  0 

2 

7 

3 

2 

2 

A 

2  H 

12 

4  5 

5  0 

8ft 

7 

« 

12 

3 

3 

4 

4  7 

2 

3 

II 

•> 

3  2 

13 

4  5 

4  2 

8  7 

A 

7 

15 

1 

3 

4 

4  A 

3 

I 

2 

H 

2 

8 

3.0 

2  9 

14 

4  5 

4  H 

8  9 

A 

2 

14 

0 

3 

4 

4  5 

3 

7 

2 

8 

2 

5 

3  0 

2  7 

15 

4.U 

3  8 

10. ft 

ft 

3 

13 

7 

3 

7 

4  5 

3 

7 

2 

8 

2 

8 

3  0 

2  5 

M 

4.0 

3  8 

13.3 

• 

1 

12 

8 

3 

9 

4  7 

4 

2 

2 

4 

'» 

A 

2  9 

2  5 

17 

4.4 

3  8 

13  3 

ft 

3 

13 

0 

3 

8 

\l 

5 

8 

2 

8 

2 

8 

3  0 

3  1 

18 

4  0 

4  0 

14  0 

7 

A 

12 

8 

3 

ft 

5 

7 

2 

)i 

2 

H 

3  0 

2  5 

19 

8  4 

4  3 

14  5 

9 

1 

II 

4 

3 

7 

4  4 

5 

■» 

•> 

9 

2 

8 

3  1 

2  5 

an 

13  2 

5  2 

14.2 

10 

« 

10 

» 

3 

7 

4  5 

3 

9 

3 

0 

2 

8 

3.1 

2.8 

St 

•  1 

13.0 

10 

1 

0 

3 

3.7 

4.S 

4 

7 

3 

0 

2 

4 

3  1 

2  7 

n 

IS  1 

7  J 

14.8 

0 

3 

7 

ft 

3  0 

S  2 

5 

3 

2 

8 

0 

3  0 

2.8 

n 

16  9 

8  0 

15  0 

s 

3 

A 

2 

3  7 

5  II 

6 

5 

3 

0 

; 

s 

3.0 

3  5 

M 

12  3 

7  S 

IS  8 

1 

5 

5 

5 

3  5 

4 

>i 

:l 

11 

■1 

» 

2.8 

3.5 

» 

14  0 

7  2 

I7.ft 

7 

0 

5 

1 

3  5 

4  )) 

5 

.5 

3 

(1 

3 

0 

2  5 

a.« 

3ft 

12  « 

ii.a 

tS.4 

0.4 

4 

S 

as 

4ft 

0 

3 

5 

3 

0 

3  0 

t.o 

27 

0  2 

18  « 

18  0 

tt.a 

4 

• 

3  4 

4  2 

5 

3 

9 

I 

7 

3  0 

as 

28 

7  9 

19  1 

m  0 

17  0 

4 

4 

3  4 

3  7 

4 

4 

4 

0 

A 

3  0 

2  8 

29 

8  0 

19  U 

1^  9 

17.0 

4 

7 

3  4 

3  5 

4 

II 

3 

7 

3 

0 

2  5 

2  7 

30 

n 

8.0 

s.a 

19.7 

17.1 

4 

7 

3.4 

3  4 

4 

7 

5 

2 

8 

2  7 

2.ft 

10.0 

4 

S 

a.7 

4.8 

3.0 

8.S 
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Daily  Gage  Height,  in  Feet,  of  Baet  Branch  of  While  River  at  Slutala,  Indiunu, 
fer  I91S,  eseeept  for  Oeieber  and  November.* 


Jwi. 

reo. 

Mar. 

Apr. 

31  Iky 

J  line 

July 

Sept. 

1 

2.8 

V.8 

•1  .> 

J  i 

'J  7 

4  A 

2.4 

2 

3.1 

o.v 

V.U 

«U  3 

1  I 

•  0 

2. as 

3 

9.1 

0.4 

// .5 

A  n 

9  lie 

*>  ft 

z  ao 

f 

m  m 

k  m 

A.V 

V.I 

M  ft 

%  ft 

a.V 

a.  I 

9  7 

•  ■  4 

^  4  it 

Z  00 

8 

3.« 

ft  n 

o.U 

4iK  di 
Xil.D 

A  A 

a  M 

9  H 

« .  d 

•  1.1 

9  C 

6 

4  1 

C  4 
9  - 

«  7 

££  3 

1  tt 

't 

y% 
'vi 

'>  f\K 
i .  \Kt 

7 

.>  It 

0  4 

lA  o 
IV  9 

*i  7 

.  V 

*>  a 

't  A 
*  D 

^  f 

8 

9.8 

4  7 

6.0 

«u.  / 

V  A 

4  ,  Q 

a.U 

9  AK 

«.  W 

t 

4.5 

5.8 

t9.5 

3  5 

l.t 

l.M 

a.ss 

3.1 

in 

11  Q 

K  1 

U  .  V 

tfl  A 

|o .  o 

« •  o 

1  0 

•  .99 

•  .w 

1  m> 

II 

n  4 

4  4 

6  2 

17  R 

3  5 

3  1 

2.8 

2  55 

2  3 

12 

17  8 

4  2 

5  1 

17  2 

3.5 

3.1 

2.4 

2  35 

2.5 

13 

18.7 

4  5 

5  2 

17  7 

3  3 

3.1 

2.65 

2.3 

2.5 

U 

IS  7 

4  1 

7.1 

19  1 

3  3 

2.7 

3.3 

2.2 

2  6 

IS 

IR  9 

4  1 

9  7 

19  7 

3  2 

2  9 

2  8 

2.25 

2  6 

16 

10  7 

3  9 

10  0 

19  4 

3.2 

2  6 

2  7 

2  2 

2  4 

17 

21  8 

4  1 

10  0 

18  1 

3  3 

3  1 

2  65 

2  75 

2  2 

18 

23.4 

4.0 

9  4 

15  2 

3  3 

3  0 

2  7 

2  9 

2  6 

19 

230 

4  1 

6  3 

11  0 

3  6 

2.8 

2  65 

3  1 

2  45 

» 

22.S 

4.1 

6.1 

8  8 

3  5 

2.7 

2.65 

2  85 

2  15 

SI 

23.3 

4.4 

6.0 

6.0 

3.4 

2.7 

2.71 

l.» 

2  4 

n 

M.4 

4.4 

7.3 

6  0 

3  3 

2.9 

3.01 

4.4 

2.5 

tt 

25.1 

4  « 

8  0 

5  5 

3  3 

a  7 

3  9 

4  5 

2  25 

M 

26  3 

4,6 

8.7 

5  2 

3  1 

2  7 

2  85 

3  45 

2  45 

» 

26.3 

4.5 

21.0 

4.0 

3,1 

2.6 

2.8 

3.8 

2.2 

» 

15.3 

4.1 

10.4 

«.S 

3.1 

2  6 

2.85 

S.S 

3.3 

tt 

ss.s 

4.1 

ar.o 

4r 

3.1 

2  9 

2  65 

3.  IS 

2.1 

2S 

25  0 

4.7 

42  0 

4  6 

3  0 

3  1 

2  55 

2  8 

2  0 

2« 

23  8 

41  5 

4.6 

3.2 

3  <) 

2  35 

2  7 

2  4 

ao 

21.0 

3».4 

4.2 

3.2 

3.6 

.  2.35 

2.6 

MS 

SI 

U.I 

::::::;:| 

36.0 

a.i 

13 

!• 

Oct. 


Nov. 


3  8 

4  6 
S3 
S.S 
6  S 

5  3 
4  8 
4.6 
4.1 
4.0 
3  9 
3.7 
3.5 
3  7 
3  3 
3.4 
3  4 


3.3 
3.1 
3.7 
3.3 
3.7 
3.S 


*Wiit«r  .Supftiv  nntl  IrncAtiiK  Pnvar.  U.  8.  G.  8.  No.  353,  |Mia  tt,  mtA  IMIy  Rivw  8U|m  oh  Friaelpal 

ItncrH  of  t'.  S  .  I'art  .XII,  p.  304. 

DuUy  Gage  Height,  in  Feet,  of  East  Branch  of  Wfiite  River  at  Shoals,  Indiana, 

for 


Thar 

Jw. 

Feb. 

Mar. 

Apr. 

May 

July 

AttX. 

Oct. 

Nov. 

Dee. 

1 

3  4 

4  5 

6  2 

15 

4 

4 

7 

3 

2 

3 

0 

2 

« 

3 

7 

2  2 

2  5 

2 

3  4 

5  3 

6  5 

Ifl 

5 

4 

4 

3 

2 

2 

H 

2 

6 

3 

7 

2  6 

2  0 

2  7 

3 

3  4 

6  9 

6  2 

lA 

*> 

4 

3 

3 

3 

3 

0 

2 

n 

3 

2 

2  4 

2  0 

2  7 

4 

3  3 

6  5 

«  7 

15 

4 

4 

1 

3 

2 

2 

9 

2 

0 

3 

3 

2  2 

1  U 

2  5 

5 

a  4 

H  n 

6  9 

14 

5 

4 

1 

1 

2 

8 

2 

6 

3 

2 

2  9 

2  A 

2  6 

6 

3  5 

5  8 

7  2 

12 

5 

4 

3 

I 

2 

2 

5 

2 

A 

2 

9 

2  2 

2  7 

2  2 

7 

3  5 

5  fl 

K  0 

10 

5 

4 

8 

3 

3 

2 

8 

2 

8 

2 

6 

2  0 

2  5 

1  7 

8 

3  7 

5  9 

.S  U 

n 

9 

5 

6 

3 

1 

2 

0 

2 

4 

3 

0 

2  2 

2  5 

2  3 

9 

3  8 

5  K 

9  2 

M 

fi 

5 

li 

3 

6 

2 

6 

2 

3 

3 

2 

2  7 

2  4 

2  4 

10 

3.0 

5.5 

8  9 

0 

3 

5 

2 

3 

3 

2 

6 

2 

3 

0 

2  4 

3  5 

2  4 

'L 

4.0 

S.O 

8.5 

to 

2 

5 

2 

3 

2 

3 

8 

3 

3 

1 

3  3 

2.4 

2.4 

UT 

4.3 

4  S 

8  1 

10 

3 

5 

n 

3 

3 

2 

2 

3 

8 

3 

I 

2  5 

2  5 
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Dttt'/y  Gage  Height,  in  Feet,  of  Eeut  Brmtek  of  WMte  River  at  Shoata,  Indiana, 

for  1915* 
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Discharge  Rating  Table  for  Ea»t  Braiwli  of  White  River  at  ShofUa,  Indiana, 

1906-16. 
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Ditdiarge  Ratn^f  Tabh  for  Eaat  Hmnch  of  WhiU  River  at  Skoata,  indlana, 

1906-1 6 — ConUnued. 
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The  following  tables  are  calculated  to  show  the  relation  between  the 
nunfall  and  the  runoff  in  the  ba.sin  of  White  River  (EMt  Branch)  above  the 
pnpo  at  Shoals,  Indiana.  Column  1  shows  the  averagfe  monthly  rainfall  in 
inches  in  the  basin.  The  data  was  derived  by  taking  the  average  of  the 
monthly  reports  of  the  U.  S.  Weather  Bureau  from  the  following  observa- 
tion stations:  Fianklin,  Greonficld,  Knijjhl-^town,  Na.shville,  Shelhyvilk?, 
Avoca,  Bedford,  Butlerville,  Columbus,  Gicensbuig,  Scott^burg,  Seymour, 
Zdma,  Blooinington»  Hidrozy  Hill,  Hausy,  Forest  Reserve,  Madison,  Salem, 
and  Shoals,  which  ai-e  in  or  near  the  basin.  The  last  .seven,  which  are  on 
the  margin  of  the  basin,  were  given  in  the  average  half  the  weight  of  the 
rest,  which  are  well  within  the  basin.  Colomn  2  gives  the  average  rainfall 
per  acre  in  cubic  feet  within  the  basin.  It  is  derived  rlirectly  ft  om  Column  1. 
Column  3  gives  the  average  discharge  in  cubic  feet  per  second  at  the  gage 
at  Shoals,  and  is  derived  from  the  daily  gage  readings  and  the  rating  tables. 
Column  •}  K'ives  the  total  average  discharge  per  acre  from  the  basin  and  is 
derived  from  Column  3.  Column  5  gives  the  relation  between  the  rainfall 
and  rtmoff  and  is  derived  by  dividing  Coluim  2  into  Coltimn  4,  and  expms- 
ing  it  as  per  cent  The  diaina^e  area  of  the  basin  is  considered  as  4,913.5 
square  miles.  This  area  was  derived  by  carefully  checked  planimeter  read- 
ings fnm  the  drainage  map  accompanying  this  report. 
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West  Branch  of  White  River.  The  west  branch  of  White  River  rises  hy 
many  tributaries  on  the  Niajrara  escarpment  in  Randolph,  Delaware,  Madi- 
son and  Tipton  counties,  its  .source  is  within  the  Wisconsin  glacial  area.  It 
flows  in  a  general  southwesterly  direction  throughout  its  ooarse*  and  unites 
with  tttt  cast  branch  at  the  southwest  corner  of  Daviess  County.  Its  entire 
course  lies  within  the  glaciated  areas.  It  leaves  the  Wisconsin  glacial  area 
near  Martinsville  and  flows  in  the  Illinois  glacial  area  from  there  to  its 
junction  with  the  east  branch.  Below  Martinsville  is  a  great  valley-train 
from  the  Wiscon.sin  jjlacier.  Because  of  the  placial  drift  above  and  the 
valley-train  below,  rock  exposures  are  rare.  These  occur  where  the  river 
meanders  against  one  of  the  bluffs.  The  river  crosses  all  the  rock  fonna- 
tions  of  the  state  except  the  Ordovician,  and  in  the  Knobstone,  Mitchell  and 
Mansfield  plateaus,  bluffs  of  solid  rock  are  seen  continually  from  the  river, 
yet  the  river  seldom  cuts  into  one  of  them. 

The  valley  is  broad  and  flat.  The  banks  of  the  river  ranpe  from  ten 
to  fifty  feet  in  height,  These  banks  are  usually  composed  of  clay,  sand  and 
gravel.  The  bottom  land  is  very  valuable  farm  land,  although  much  of  It 
is  subject  to  overflow. 

The  mean  annual  rainfall  above  the  gage  at  Indianapolis  on  west  branch 
of  White  River  as  shown  bjt  the  station  records  from  this  section  for  eighteen 
years  (18;>8-i:nr.,  inclu >i\e)  is  38.76  inches.  The  following  tables,  which  are 
computed  entirely  from  government  reports,  show  the  average  depth  of 
monthly  rainfall  and  the  cubic  feet  per  acre  rainfall  of  the  basin  of  the 
west  branch  of  White  River  for  the  eighteen  yetra  above  noted.  The.^e 
averafres  were  taken  from  six  U.  S.  Weather  Bureau  recording  station.s.  The 
following  is  a  list  of  the  stations  used:  Anderson,  Fairniount,  Farmland, 
Indianapolis,  Northlield  and  Whitestown.  Anderson  was  ^ven  twiea  the 
weijrht  of  the  other  stations  in  the  averapre,  because  it  is  near  the  center  of 
the  region  while  the  others  are  near  the  margin. 


Tnlile  .sluiwiiift  JiveriiKc  depth  of  riioiithly  r.iinfall  in  iti(  !i(  s;  iiiui  i  iiMi  feel  jht 
ucnr  of  ruiiifull  for  the  Wvat  liruiu-h  uf  White  Uivvr  above  the  gage  ut  ladiuiiupolis, 
Indiana,  18D8-10I6  ineiusivc. 

IhnhiKfft  Aniiy  J,OU<f.I  sq.  mi.— 1,029, H2A  Acttn. 
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Went  Branch  of  White  River  at  AiitlerHon,  Jntliuna.  This  station  was 
established  Aupust  If),  1911.  by  W.  M.  Tucker.  It  is  located  on  tbf  Ei^'hth 
Street  bridge  in  Anderbon.  The  gage,  which  is  of  the  weight  and  chain 
variety,  is  located  on  the  upstream  handrail  of  the  bridge  about  twenty  feet 
from  the  west  bank  of  the  stream.  The  datum  of  the  gage  is  821.3  feet 
above  sea  level  as  taken  from  the  elevation  of  the  C,  C,  C.  &  St.  L.  Ry. 
Btation  in  Anderson;  42.96  feet  below  the  rail  of  the  P.,  C,  C.  ft  St  L.  track 
in  front  of  the  station;  and  22.2  feet  below  a  l)ench  mark  (SI-'k')  feet)  which 
is  located  on  the  west  side  of  the  viaduct  by  which  the  P.,  C,  C,  &.  St.  L. 
Ry.  passes  over  Eighth  Street.  The  length  of  the  chain  from  end  of  weight 
to  iirst  marlcer  is  27.78  feet. 

The  river  at  this  point  is  straight  for  300  feet  above  and  below  the 
bridge.  The  bed  of  the  stream  is  sandy  but  only  subject  to  slight  changes. 
The  current  is  steady.  Th<>re  arc  no  piers  to  break  the  Channel,  except  when 
the  river  ovei-flows  the  west  bank. 

Not  enough  current  readings  have  been  taken  from  this  gage  to  make 
vp  a  good  rating  table.  The  current  readinga  have  been  taken  at  low  gage 
readin^^s  and  are  sufficient  for  a  rating  table  between  gage  beif^ts  6.00  and 
7.00  feet. 

The  gage  has  been  read  daily  since  1911  by  Mr.  Lowell  Dilts  and  Mr. 
Horace  Malone  of  Anderson,  Ind. 

The  following  data  have  been  taken  from  this  station: 
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Daily  Gage  Heigh  tn  on  WkiU  Rhter  (WtH  Branch)  at  Anderson,  Indiana, 

for  1918, 
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Data  from  the  Rages  at  ElUston  on  the  West  Branch  of  White  River 

and  at  Decker  on  the  Main  Hrunefa  have  only  boon  colloctod  for  one  ful!  year 
(1916)  and  but  one  current  reading  has  been  taken  at  each  of  these  points. 
For  these  reasons  the  data  are  of  no  value  in  determining  the  amount  of 
water  which  the  streams  discharge,  and  will  not  be  included  in  the  present 
paper.  Information  concerning  the  water  power  of  White  River  may  be 
found  on  pages  48  to  54  and  66  to  75  of  the  85th  Annual  Report  of  the 
Indiana  Department  of  Geology  and  Natural  Resowreea. 

Blue  River  System. 

The  Clue  River  system  drains  a  portion  of  three  counties,  WashitiL'toti, 
Crawford  and  Harrison,  and  flows  into  the  Ohio  River  near  Leavenworth, 
Crawford  County.  It  haa  a  drainage  area  of  471  square  miles,  1J29%  of  the 
area  of  the  state.  The  reason  for  giving  it  .special  consideration  is  because 
its  tributary  drainage  is  largely  underground.  The  basin  lies  almost  wholly 
within  the  cave  district  of  the  Mitchell  limestone.  The  effect  of  this  drain- 
age upon  evaporation  and  rejjulnrity  of  t^tream  flow  has  been  considered  to 
some  oxtont.  The  lowest  reconied  discharge  on  Blue  Rivor,  which  is  reffis- 
tercd  at  gage  height  1.4  feet,  is  50  second-feet.  The  highest  discharge  re- 
corded on  this  stream  was  on  October  7,  1910,  when  the  gage  reading  was 
14.7  feet  and  the  discharge  10,914  second-feet.  The  ratio  of  the  low  to  the 
high  discharge  is  1:218.  On  the  West  branch  of  White  River  at  Shoals  dur- 
ing the  same  period  the  lowest  recorded  reading,  registered  at  gage  height 
2.0  feet,  is  21.'>  .second-feet.  The  hi^rhcst  discharge  during  the  flood  of  Octo- 
ber, 1910,  occurred  at  Shoals  on  October  13,  with  the  gage  reading  23.65 
feet  and  a  discharge  of  86,000  second-feet.  The  ratio  of  the  low  to  the  high 
di.«!charpe  is  l:lfi7.  These  figures  would  indicate  that  Blue  River  is  more 
erratic  than  White  River  but  the  comparison  is  not  well  founded.  The 
greater  drainage  area  of  the  White  River  tends  to  flatten  the  crests  of  the 
floods.  The  rainfall  during  the  flood  of  October,  1910,  was  not  on  the  aver- 
age as  heavy  over  White  River  basin  as  over  Blue  River  basin.  It  seems 
that  no  comparison  can  be  made  with  the  data  in  hand  which  will  show 
whether  or  not  the  underground  drainage  has  an  effect  on  the  regularity  of 
stream  flow. 

The  eflfect  of  underground  drainage  on  evaporation  cannot  be  shown  by 
the  data  in  hand.   The  only  two  full  yean  of  discharge  data  which  have 

been  kept  on  White  Rivor  at  Shoals  and  on  Blue  River  at  White  Cloud  are 
1910  and  1911.  The  records  for  1915  are  complete  for  the  two  gages  ex- 
cept for  seventeen  days  in  February  when  the  gage  at  White  Cloud  was  out 

of  order.  The  followinpr  comparisons  of  the  percentage  relations  of  discharge 
to  rainfall  on  the  two  streams  for  these  three  years  are  interesting  but  prove 
noting. 

Per  cent  of  rainfall  which  was  discharged: 
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Febniaiy  was  a  month  of  high  discharge  at  Shoals  and  was  probably 

also  at  White  Cloud,  which  would  tend  to  increase  the  percentape  for  Blue 
River  and  therefore  make  the  discrepancy  greater  for  this  year.  If  complete 
data  could  be  gathered  for  several  years  it  would  probably  show  some  inter- 
esting  compariwms  in  this  respect. 

A  gaging  station  was  c.';tabli.shed  one  mile  above  White  Cloud  near  the 
home  of  Mr.  Julius  Kothrock  on  Au^u^st  18,  I'JU'J.  The  gage  is  constructed 
of  heavy  oak  planks  securely  spiked  to  a  large  oak  stimip  and  to  the  roots 
of  a  large  sycamore  tree.  The  plank  is  placed  with  the  slant  of  the  river 
bank,  which  is  about  thirty  degrees.  The  center  is  securely  supported  by 
heavy  oak  posts  set  in  the  bank.  The  seale  Is  made  of  brass-headed  laeks  on 
the  upstri-am  .^ido  of  the  gage.  The  base  of  this  gage  is  three  foot  below  a 
nail  in  the  root  of  the  sycamore  tree  to  which  it  is  attached,  and  23.7  feet 
bdow  a  nail  in  the  comer  of  a  bam  which  stands  fifty  feet  south  of  Ae 
gage.  The  gage  has  been  read  since  its  in.stallation  up  to  August,  1!>17,  by 
Russell  Rothrock.  Discharge  measurements  have  been  made  by  the  writer 
from  time  to  time  and  a  fairly  accurate  rating  table  eonstraeted. 

Further  information  concerning  this  stream  may  be  found  on  page  30 
of  the  35th  Annual  Report  of  the  Indiana  Department  of  Geology  and  Natural 
Resources. 


DtUly  Gage  Heights  on  Bhit  River  at  White  Clottdt  Indiana,  for  1909, 
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Daily  Gage  Heights  on  Bhte  River  at  White  Cloudy  Indiana,  for  2910. 
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Discharge  Measurements  on  Blue  River  at  White  Cloud,  Indiana,  during 

1909-1916. 
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Thi'  following:  tables  are  calculated  to  show  the  relation  between  the  rain- 
lull  and  the  runoir  in  the  busin  of  Blue  Uivcr  above  the  gage  at  White  Cloud, 
Indiana.  Column  1  shows  the  average  monthly  rainfall  in  inehea  in  the  basin. 
The  data  wa.«  derived  by  takinjr  the  averajje  of  the  monthly  report.';  of  the 
U.  S.  Weather  Bureau  from  the  following  observation  station:;:  Edwardo- 
viUe,  Forest  Reserve,  Freneh  Lick,  Jeffersonville,  PaoU,  Seottslwrir,  MarengD 
and  Salem,  which  ate  in  or  near  the  basin.  In  malcin^r  thi.--  avorajrc,  Salem 
was  given  a  weight  of  three,  Marengo  of  two  and  the  other  stations  of  one, 
beeanse  of  their  relative  relations  to  the  basin.  Column  2  gives  the  average 
rainfall  per  acre  in  cubic  feet  within  the  ba.sin.  It  is  derived  directly  from 
coltunn  1.  Column  3  giveb  the  average  discharge  in  cubic  feet  per  second 
at  the  gage  at  White  Cloud  and  is  derived  from  the  daily  gage  readings  and 
the  rating  table.  <  iluinn  4  ^^ive.s  the  total  average  discharge  per  acre  from 
the  basin  and  is  derived  from  column  3.  Column  5  gives  the  relation  between 
the  rainfall  and  runoff  and  is  derived  by  dividing  column  2  into  column  4, 
and  expressing  it  as  per  cent.  The  drainage  area  of  the  basin  is  con.sidered 
as  434.4  square  miles.  This  area  was  dcrivt-d  by  carefully  checked  planimcter 
readings  from  the  drainage  map  accompanying  this  report. 
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The  Wab«di  River  System. 

m 

The  Wabash  River  drains  psTts  of  Ohio,  Indians  and  Illinois.  This  re- 
port has  to  do  with  that  part  which  lies  within  Indiana.  The  state  line  of 
that  part  of  the  state  which  is  bounded  by  the  Wabash  is  defined  as  the 
center  of  the  river.  For  this  reason  no  work  has  been  done  upon  that  part 
of  the  river.  Exclusive  of  White  River  and  other  tributaries  entering  the 
Wabash  farther  .louth,  the  Wabash  system  drains  11,480  ^nnarp  miles  of 
Indiana.  Its  main  stream  rises  in  the  Grand  Reservoir,  an  artiticial  lake, 
at  Celina,  Meroer  Coonty,  Ohio.  It  flows  northwest  across  the  state  line  to 
Hnntinftton,  west  to  Logansport,  southwest  to  Covinpton  and  south  to  its 
Junction  with  the  state  line,  14.6  miles  south  of  Terre  Haute.  The  main 
tributaries  on  the  north  and  the  points  at  which  they  enter  the  Wabash  are: 
Little  Wabash  at  Huntinpton,  Eel  at  Ix>e:ansport,  and  Tippecanoe  near  Battle 
Ground.  On  the  south  are:  Salamonie  at  Lagro,  Mississinewa  near  Peru, 
Wild  Cat  near  Lafayette  and  Rock  near  Newport  Rock  River  is  also  known 
as  Sugar  Credc  The  following  table  gives  the  areas  drained  by  eadi  of  the 
tribntaries: 
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The  basin  of  the  Waba.sh  lies  entirely  within  the  area  of  the  Wiscon.Hin 
glacier  except  that  part  which  is  south  of  the  north  line  of  Vipo  County. 
The  drift  is  much  heavier  in  the  northern  part  of  the  basin  than  in  the 
southern  part.  The  Tippecanoe  and  Kel  Rivers  rise  among  the  lakes  of 
Ko.sciusco  and  Noble  counties,  while  the  main  Stream  and  soathem  tribu- 
taries  have  no  lakes  within  their  basins. 

As  a  whole  the  Wabash  system  lies  near  bed  rock.  Many  exposures 
occur  alonp  the  stream  berl^  and  in  the  bluffs.  The  source  of  the  system 
is  in  the  Silurian,  and  it  crosses  the  Devonian,  Mis.sissippian  and  part  of 
the  Pennsylvanian  before  reaching  the  state  line  on  the  west.  The  rock 
exposures  form  pood  dam  sites  for  power  development.  .\  full  discussion 
of  the  power  conditimis  along  tht  Wabash  and  its  tributaries  will  be  found 
on  papes  492  to  638  of  the  86th  Annual  Report  of  the  Indiana  Department 
of  Geoloi?y  and  Natural  Resources. 

The  mean  annual  rainfall  above  the  gage  at  Terre  Haute  on  the  Wabash 
River,  as  shown  by  the  station  records  from  this  section  for  eighteen  years 
(1898-11)1  >,  inclusive),  IS  87.78  inches.  The  following  tables,  which  are  com- 
puted entirely  from  fmvernment  reports,  show  the  average  depth  of  monthly 
rainfall  and  the  cubic  feet  per  acre  laiiifall  lor  the  basin  of  the  Wabash 
River  for  the  eighteen  years  above  mentioned.  These  averages  are  taken 
from  twenty-six  U.  S.  Weather  Bureau  recording  stations.  The  following  is 
a  list  of  the  stations  used:  Berne,  BlufTton,  Columbia  City,  Culver,  Delphi, 
Fairmount,  Huntington,  Kokomo,  Laft^tte,  Logansport,  Marion,  MarUe, 
Montioello,  Peru,  Rochester,  Warsaw,  Winanac,  Attica,  Crawfoxdsville,  Fam- 
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land,  Frankfortf  Hector.  Judyville,  Roekvine,  Salaimmie,  Terra  H»ute,  and 

Veedersburg. 

Table  ahowing  average  depth  of  moDthly  rainfall  in  itichee  and  cubic  (eet  per 
acre  of  rainfall  for  the  Wabash  River  baein  above  the  gage  at  Terrc  Haute,  Indiana, 

IK'W  191^)  inrliisive: 
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The  United  States  Geological  Survey  maintained  a  gage  at  LoRan-sport, 
from  April  27.  lix);,.  to  July  8,  1916.  The  following  daU  ia  taken  from  the 
U.  S.  Water  Supply  i'aper.s: 

Wabash  River  at  Lo^nsport,  Indiana.  This  station  was  established 
April  27,  IDO.'!,  by  Mr.  Cto.  E,  Waesche.  It  is  located  at  the  Cicott  Strcft 
bridge,  about  1  mile  from  the  center  of  the  city  of  Logunxport,  1^  miles 
from  the  Pennsylvania  station,  1^  miles  from  the  Wabash  Railroad  sta- 
tion, four  bUxks  from  the  street  car  line,  and  1.000  feet  below  the  notith  of 
Eel  Rivrr.  'I'lic  -tumla  il  cl  ain  r;sue  i.'^  ()lan.l  uri  the  second  .-nan  of  the 
bridge,  at  the  third  panel  from  the  second  pier,  and  is  supported  by  the 
bridge  pins,  and  is  between  the  lower  chord  bars.  It  is  reached  through  a 
trapdoor  in  the  floor  planks  of  the  bridge.  The  distance  from  the  end  of 
the  weight  to  the  marker  is  20.78  feet.  The  gage  is  read  once  each  day  by 
Mr.  C.  B.  Woodruff.  Discharge  meaaurements  are  made  from  tha  ilown- 
strcam  side  of  the  bridge  to  which  the  pape  is  attached.  The  initial  point 
for  soundings  is  the  back  wall  of  the  bridge  seat  for  the  north  abutment. 
The  channel  la  nearly  straight  for  1,€00  feet  above  and  for  1,600  feet  bdow 
tha  station.  The  distance  between  abutments  is  fi^O  feet,  and  the  channel 
is  broken  by  three  bridge  piers.  The  right  bank  is  high  and  is  not  subject 
to  overflow  at  the  bridge.  The  left  bank  is  submerged  only  at  extreme  high 
water.  The  bed  of  the  stream  IS  covered  with  small  bowlders  and  is  roufch. 
The  stream  is  shallow  and  the  current  is  n-'vpr  .sluggish.  Benchmark  No.  1 
is  the  top  of  the  north  abutment,  wnder  the  fourth  board  of  the  downstream 
sidewalk.  Its  elevation  is  18.814  feet  above  g;ifre  datum.  From  Pennsylvania 
Railroad  levels  its  elevation  above  .sea  level  has  been  found  to  be  "lill  feet. 
Benchmark  No.  2  is  the  top  of  the  third  course  of  masonry  from  the  top  of 
the  north  abutment.  Its  elevation  above  the  sero  of  the  gag*  ia  15.31  feet. 

The  observations  at  this  station  during  l-'O^  have  been  made  under  the 
direction  of  Mr.  E.  Johnson,  .Jr.,  district  hydrographer. 

Discharge  Measurements  of  Wub(u>h  River  at  Logans/iort,  Indiana,  in  190J.* 


Dais 


Gage  H«i«ht. 
FMt 


Oiacluiras, 


April  27 
June  8 
JOM  IS.  . 

MjrS... 
Mr  It. 


10 

10. 


(i»«o.  K.  Waewflu* 
Geo  v..  Wttearhv 
Geo.  K  Ww»cli«' 
K.  C  Murphy .  . 

K  JnliiMM,  Jr  

L.  U.  StoekiMli.. 
L.  H.  8toeiaiiHi. . 
K.  Mom. It.. . . 


9.10 
4.«6 

iao 
1  M 

1  W 
1  3U 

IM 

mi 


2.367 
7.180 
1.444 
1.388 
719 
4IS 
349 
4tt 
I.M6 


U.  8.  Gaol,  ftonwy,  No.  tS.  pMV  SSS. 


Digitized  by  Google 


848 


DEPABTMENT  op  Ck)K8BRVATI0N 
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Rating  Table  for  Wabaah  Biv^r  4ftt  Loganaport,  Indiana,  from  AprU  t7  to 

Dtemiber  SI,  1909.* 
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Discfmrge  Meastirements  of  Wabash  River  at  Loganaport,  Indiana,  in  1904,* 
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Mean  Daily  Gage  Height,  in  Feet,  of  Wfibash  River  at  Logansport,  Indiana, 

for  IMh* 
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Rating  TabU  for  Wabash  River  at  Logansport,  Indiana,  from  January  1  to 

December  SI,  290A.* 
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IliMWMpply  Papor  U.  S.  Geol.  Survey.  No.  138.  pace  85. 

The  preccdiiii;  f;il>lo  is  applii'iiMf  only  for  oi>eti-chaiinfl  cfinilitions.  It  is  liattoil 
upon  19  diBchar^i'  iiu  usurcnients  iiiude  during  l'JU3  and  1*JU1.  It  in  well  defined  between 
C*f«  hei^to  1  3  feet  and  8.2  feet.  The  table  has  been  extended  b«yoad  these  limits. 
Above  gage  height  10.7  feet  the  ratiiiB  eurve  is  a  tangent  the  difference  being  fiOO 
per  tenth.* 

•Watmwmiyptm  V.  B.  OmI.  Sumy.  No.  W, 
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Discharge  Meaaurtmenta  of  WiUMuih  River  at  Lognuxiiorl,  Induuna,  tn  1905.* 


Dm 


Uydtagnphrr 


Miircli21.... 

iUja  

Jane  14  

inly  U  .  . 
AuKunt  23  . 
SipUmbM  4. 


S.  K.  CUpp  .. 
M  H.  Br«MU. 

R.  K.  C1an>... 
!S  K  riapp 
M  S.  Hrt<anan. 
M.  a.  HrooBSD. 


ai«>  Height, 

PMt 


3.75 
2.22 

2.75 
1 05 
1.74 


Sae.-Ft. 


5. 4511 
1.200 
5.400 
>.4St 
1.100 
740 


*inrt«rMppljr  iMiwr  U.  B.  Gwl.  Swwy.  Ho.  IW,  ftn»  78. 


DaUy  Gage  He^ht,  »n  Feet,  of  Wabm^h  River  at  Logmuport,  IntUanOf  for 

1905  * 


Dur 

Im. 

Feb. 

Umt. 

Apr. 

Hay 



J<W« 

July 

Aiic. 

*1>t 

Oel. 

Nov. 

Oce. 

2  M 

6  12 

4  82 

4  V, 

3  14 

1  07 

1  40 

1  63 

1  4H 

1  60 

4.50 

2.42 

5  KS 

4  25 

3  7i> 

2  fW 

1  70 

14" 

1  72 

1  55 

1  63 

4  05 

3  2  1 

2  15 

5  .Vl 

3  45 

3  21) 

2  7il 

1  70 

1  36 

1  75 

1  61) 

1  .5H 

3.6* 

3  W 

.  .  . 

5  2»J 

2  93 

2  6k 

2  .52 

1  62 

1  25 

1.75 

1  6.5 

1  .55 

3  m 

1  90 

4.«» 

3.00 

2  55 

2  40 

1  62 

t  :i5 

1  60 

1  89 

1  60 

3  .50 

•  

1.85 

4  » 

3  40 

2  80 

5  10 

1  63 

1  .V* 

1  55 

1  87 

2  00 

3  10 

1.00 

3  95 

2  28 

3  4') 

4  im 

1  6.'< 

2  45 

1  .50 

1  80 

2  35 

2  84 

s  

3  70 

2  2U 

3  39 

3  .55 

1  6:t 

2  17 

1  45 

1  75 

2  50 

2  58 

2.10 

8.85 

3.15 

2  «5 

3  22 

I  m 

1  80 

1.42 

1.65 

2  30 

2,48 

4  00 

3.10 

2.73 

3  23 

1  70 

1.70 

1.43 

l.«0 

3.33 

2.40 

11  

2  8« 

3  05 

3  Ml 

3  78 

2  25 

1  S3 

t  SO 

1  «0 

3  30 

3  20 

u  

2  70 

3  SO 

2  05 

10.50 

3  78 

3  17 

t  45 

1  40 

1  54 

2  05 

2  35 

3  10 

2  05 

IC  05 

3  80 

2  95 

1  40 

3  33 

1  50 

1  85 

2  22 

3.85 

2  OO 

H  45 

3  72 

2.03 

1.49 

3  48 

1.50 

1.81 

3.15 

2.70 

2  0() 

7  10 

3  33 

3.40 

1.77 

2  90 

1.45 

1.80 

2.10 

M  

3  » 

3  SO 

1  95 

«  12 

3  00 

2  30 

1.00 

2  K\ 

1  42 

1  78 

1  00 

2  S5 

1  »:> 

5  III 

2  M 

2  10 

1.70 

I  40 

I  75 

2  10 

S  0» 

i  41) 

1  Mi 

4  .yi 

2.  fits 

1  92 

2.30 

4  42 

2  1.1 

I  7(1 

2  OS 

»  

3  61) 

1  Hd 

3  88 

2  lU 

1  91 

3  S« 

3  78 

2  45 

1  71) 

2  1)1) 

JO   

3  m 
3  71 
3.47 
3  to 

1 

5  65 
ft  45 
5  W( 
5  15 
4  4S 

3  75 
4.05 

4  13 

5  .55 
4  1U 

3  50 

2  60 

1  75 
1  99 
I  73 

2  70 
2  43 

2  21 

3  28 
3  IK) 
2  MO 

2  no 

2  20 
2  «) 
1.80 

too 

I.TO 
1  55 
ISO 

2 

2  2n 
2  11.5 
2  DO 
1  85 
1  M) 
1  78 

1.70 
I.«S 
I  60 
1  .W 
1.60 

1  (i5 
1  .Vs 
1  .5.5 
1  63 
1  62 
1  59 
1  60 
IM 
1.09 

5  80 

6  10 

1  H) 

2  141 
4  05 
4  5K 
4  10 

3  60 
3.30 
2.0O 
2  01 

2  ao 

2  75 
3.00 

3  23 
2  85 
2  «U 
2  45 
2  30 

2  25 

3  20 
3  15 
2  10 
2  25 
2. 01 

2  40 
2  72 
2  «1 
2  30 
2  l» 
2  19 
2  15 
2  (10 
1  KH 
1  78 

22  

3  23 

1  «.S 
1  50 

1  90 

2.00 

2  » 

3  ,\H 

1  50 
1.43 
1  40 
1  37 
1  40 
1  40 
1.43 

2  57 

2  60 

3  30 
1  98 
1  82 
1  72 
1.55 



3  45 

sot 

305 

2  45 

2  .511 
5.33 

W  

7.W 
045 

»  

31  

1 

nVMwMfvly  mpor  U.  H.  CM.  ftorvay.  No.  100,  ma*  73. 

Notr  (Irijic  liciKhf.s  iiif ('r|Milalo(l  M:it(  li  2.  ft.  N'ovciiiImtKi,  jiriil  I)i'criiiluT  7. 
Ic«  conditions  January  1  tu  February  27.  From  January  12  to  February  27  river  was 
entirely  froaen  across.  Oage  waa  read  to  the  surface  of  the  water  in  a  hole  in  the  iee. 
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Station  RiUinff  Tahh  for  Wabath  River  «U  Loffmitport,  Indiana^  from  Jawiary 

1  to  December  .11,  190i,.* 


llOt 

1  )i>*ohurKc, 
Sot  -Ft 

IIi-ikIiI. 
l«.t 

DiUclmriti?, 

( ;;i»!f 
lloiKht, 
Feet 

UiM-tiarBB, 
Hn.-Pt. 

Gw> 

FMt 

Uisclwrxi!, 

t.io 

am 

t.» 

i.ns 

3.40 

4,440 

4.n 

7.100 

I.SO 

300 

3  40 

2.010 

3  90 

4.715 

4  m 

8.030 

1.40 

430 

2. SO 

2.225 

3  SU 

».'-<!>.> 

4  Til 

X.S40 

I.SO 

SIO 

2.«) 

2.443 

3.70 

5.2SU 

4  8t) 

8.«70 

i.m 

Wft 

2.70 

2.I7S 

3.M 

5,570 

4.W 

O.OOO 

1.70 

770 

2.80 

3.110 

3  90 

S.8M 

s.oo 

9.340 

i.» 

93n 

2  M 

3.1<0 

4  m 

6.1«0 

5  20 

in  (120 

I.w 

l.nsi) 

3  00 

3.au 

4  to 

S,4«0 

.1  411 

III.  7211 

son 

1 . 2.V) 

3  10 

3,S4S 

4  20 

•.760 

5  Ml 

II.43U 

2.11) 

1 , 425 

3.30 

3.905 

4.30 

7.070 

5.M 

13.  NO 

2  Jii 

1.6111 

3.30 

4.170 

4.40 

7.380 

COO 

U.910 

•VViitiT  siiprly  pipfT  r  S  f  ;.•.>!  Survey.  No.  109,  pnco  76. 

N'otf  The  al)ov(  table  is  applicable  only  for  open  channel  condition.^.  It 
i-  <]  nil  (|i>ehai>rc  moa.-iuirnu  iit.-  nKulc  <!ui  inK'  l!*0:^-i;iO.').  It  is  well  defined 
between  gage  heights  1.2  and  I. on  feet.  The  table  has  been  extended  beyond 
thc.'te  limits.  Above  6  feet  the  discharge  is  eatimatiKl,  being  based  on  three 
high-water  measurement.s  of  1!>U4. 

Dinrharge  Meajturcmi  nrs  of  \V<ihii.-<li  River  at  Lvgansporf,  Indiana,  m  1908.* 


Dyrm 

HydramplMr 

Oage  H«igbt, 
FbK 

Diacharcp, 

Sw.-Pl. 

Brannan  unil  KricR^iiiaa  

E.  L    K-l  V,^ril:ilI 

2  03 
3.78 
.  6.43 
1.73 

1.370 
3,010 

ii.aoo 
i.oni 

Mmy  111 

E.  L.  K  r  irir-ni.ir, 

K.  F.  Ki. ,r, 

•Water  Mpply  p:ij«f  L'  .s  Geol.  Survey,  No.  'M.  pmf  W). 

fhiilij  Gngp  Height,  in  Feet,  of  Wnhmih  River  at  Lv</<!  ,tsj„jrt,  Indiana,  for 

190li* 


DAT 


1. 

S. 

%. 

4. 

f. 

0. 

7. 

8. 

9. 
10. 
11. 
IS. 

n. 

M. 
M. 
M. 

n.. 

18. 
tt. 


S: 

34. 
35. 
36. 
17. 


Jan. 

Feb. 

Apr. 



May 

June 

My 

2  n 

2  .W 

2  li^ 

7  (H) 

1  Uil 

1  7J 

1  52 

2  57 

1  40 

1  Kit 

6  U 

2  44) 

1  06 

1.&5 

3  48 

I.M 

3.48 

6.00 

1.90 

1.66 

1.60 

2  38 

1  58 

3  83 

4  85 

1.90 

1.70 

I.M 

4  8X 

1  KS 

3  30 

3  W) 

1  80 

1  70 

I  75 

4  4.3 

2  03 

2  !<:t 

3  Ml 

1.80 

1.72 

1.87 

3 

i  03 

2.78 

3  fiO 

1  76 

1.70 

1.75 

3  20 

2  06 

2  70 

4  40 

1.72 

1  50 

1.75 

2  63 

1  97 

ft  70 

1  76 

2  70 

1  60 

2  110 

1  hS 

2  7H 

7  15 

1  73 

2  til 

1  60 

2  IH 

1  H3 

2  CS 

5  yo 

1  66 

2  li'i 

1  S6 

2  3.S 

1  7h 

2  .IS 

4  S5 

1  (« 

1  Ml 

1  89 

2. IS 

1  S.l 

2  .13 

4  Sll 

1  60 

1  Srt 

1  K3 

2  15 

1  M 

2  41 

4  70 

1  72 

1  so 

1  S2 

3  IIK 

2  OS 

2  2H 

5  m 

I  72 

1  76 

1  NO 

2  AK 

2  is 

2  23 

5  25 

1  -HO 

1  72 

1  m 

2.,>1K 

2  23 

2  IS 

3  SO 

1 

I  711 

1  HO 

3  IN 

IKS 

2  ilM 

3  40 

1  I'rII 

I  :i 

1  so 

1  73 

i.in 

3  :h) 

1  60 

1  bt) 

I.M) 

i  MS 

1.78 

1.98 

3.80 

1.40 

1.60 

1.00 

3  KH 

1  78 

t  98 

1.43 

1.00 

1.00 

1  M 

2  03 

2  W) 

1-53 

1.72 

1.00 

»i  .SN 

1  7h 

2  OK 

i  40 

1  52 

1  S« 

1.70 

5  HS 

1  ss 

1.88 

2.30 

I.U 

4.8H 

2  OK 

1.88 

3.30 

1.70 

I.IO 

4  13 

2.3H 

I.M 

3.30 

I.SO 

l.t* 

3  SS 

2  71 

H  4S 

2  20 

1.50 

1.30 

3  lis 

2  .>s 

03 

3.10 

1.60 

1.37 

3  03 

f«  3H 

3.15 

1.44 

1  40 

N  IH 

3.10 

I  47 

1  57 

H.U3 

I.H4 

V.  8.  Owl.  8tt  vty.  No.  309,  m>  «• 


Digitized  by  Google 


352 


Dbpabtment  of  Conservation 


Rating  Tdbl$  for  ITaftatfc  River  at  Loga$uport,  Indiana,  f«r  i90t. 


Gun 
Pael 

Duoharse. 

«eo.-Ft. 

GMe 

)lei«ht. 

Feot 

Diaehmncp. 

Sw.-Ft 

llcicht, 
Fwt 

Heicht. 
Feet 

Hec-Fl. 

1  20 

310 

2  30 

1.900 

3  40 

4.S90 

.1  00 

9.770 

1.30 

400 

2  40 

2.110 

3  50 

4.980 

.■>  20 

10,480 

1.40 

sun 

2. 50 

2.330 

3  60 

5.270 

5  40 

11.210 

l.SO 

610 

2  AO 

2.seo 

3.70 

5.570 

5.80 

ll.«SO 

1  60 

TJO 

2  70 

i.nm 

3  W) 

8.870 

6.80 

12.710 

1  7(1 

m\ 

2  m 

3.0S0 

3  W) 

6.170 

e  00 

13,500 

1  Kll 

1 . 1)1)1) 

2  W) 

3.310 

4  00 

0.480 

7  00 

17.600 

1  DO 

1.160 

3  00 

3.&80 

4  20 

7.110 

8.00 

s.oo 

I.SM 

3  10 

I.SM 

4.40 

7.750 

•M 

S.IO 

I.SIO 

3  20 

4.130 

4.«0 

8.410 

t.ie 

2.20 

1  .TOO 

3  30 

4.410 

4  80 

0.080 

1 

NOT&-^11»iiliimtMita|*liaid>li«^te«MdHBMlo^^  Ittobnada 
anuMMiiiMitediBi^lMltatm.  ttk««ildiAM3. 

On  July  16,  17,  18,  1910,  a  gaffing  station  was  establidied  by  the  writer  on  the 

Cicdlt  Street  l)ri(l(ii<  in  I^OKanaport.  A  discussion  of  tliis  Ka(?c  i«  |i;iveil  OH  page  77  of 
the  Tliirly-fifth  Annual  Report  of  the  Indiana  Department  of  Geology  and  Natural 
Resouroes.  The  following  data  have  been  colleeted  at  tins  station: 

Diaduurfft  M«a»urem«HU  on  Wabaok  River  at  LogmuforU  Indiana,  for  1910-11. 


Dxtm 

m 

Hydrawphsr 

Gag*  Height. 

W  M.Tudwr  

5  4 
•  .0 
5.t 

442.72 
S.8tt.1M 

W.  M.  TadMT  

Thci^ic  tiireo  reiuliiiK-'  uro  not  .suiiii  iciit  datu  to  formulate  a  rating  table,  but  taken 
with  the  United  Statm  GeoloRical  .Stirvey  rating  tables  show  that  the  base  of  this 
tinfti'  is  approximately  1  1  feet  lower  than  the  l)aw  of  the  I'nitei!  States  Cienloniral 
.Survey  gage  was.  Th\in  the  ti»gfi  readings  c-an  Im:  umuI  with  the;  United  .States  Cico- 
logical  Survey  rating  tables  if  4.1  feet  be  subtracted  from  the  g»ge  reading  in  each 
case  and  the  discharge  for  (hat  KaK<-  height  be  taken  fnnn  the  rating  table. 

DaUjt  Gage  Readingi*  on  WiUnuth  Riwr  at  Loqnnsjmri ,  Indiana,  from  July 

Ifi.  1910,  to  Jidy  17,  1911.  IncluMve. 


1. 
i 

3 

4 

5 

S. 

7. 

8 

». 
10. 
it. 

u. 
n. 
i«. 

IS 

te 

17 
18 
19 

20. 
21. 

a. 


1.4 

S.8 
5  3 
5  3 
i.3 

s.a 


AuK. 

<)<l 

\..v 

Jan 

Fob. 

Mar 

Apr. 

May 

JUB« 

Jaiy 

s.s 

».3 

5.0 

S.4 

8.3 

0.0 

0.0 

0.5 

8  0 

7.7 

8  1 

50 

s  « 

S3 

5.0 

S.4 

8  1 

9  4 

8  0 

8.4 

6  0 

8  1 

S  1 

5  8 

5  2 

!S  2 

5.7 

S.S 

7  5 

t 

7  9 

6.4 

6  0 

7  2 

6  t 

5  7 

.%  2 

i  3 

S.S 

5.0 

6  0 

t 

7  9 

A3 

6  3 

6  8 

6  1 

5  6 

5.3 

5  4 

5  0 

SO 

5.8 

..t.  . 

7  S 

A  2 

10.2 

6  « 

6  1 

5  6 

S.2 

6.0 

6.0 

so 

5.7 

7  7 

e  1 

10  6 

6  3 

6  2 

5.6 

5.1 

8.4 

6  2 

5  8 

5.7 

7  6 

«  1 

9  3 

6  2 

6  2 

5  5 

5.1 

8  2 

10  3 

H  7 

5  7 

\"'. 

7  5 

6  1 

8  7 

6  2 

6  3 

5  4 

5  1 

5  1* 

10  6 

7 

5  8 

7  3 

6  0 

7  9 

6  2 

6  0 

5  4 

5  1 

5  » 

»,.') 

,1  7 

5  9 

6  4 

6  0 

7  9 

6  2 

«  » 

5  4 

S  1 

S  S 

9  4 

.■>  r> 

5  9 

t.  . 

6  6 

6  2 

8  2 

6  2 

5  H 

5  5 

5  1 

5  8 

8  .'i 

.'.  « 

5  8 

■  t  , 

6  4 

8  3 

8  7 

6.3 

5  6 

5  4 

5.1 

6  3 

7  9 

.1  K 

5  8 

0  8 

0.0 

0.8 

6.2 

5  6 

5.4 

5.1 

7  2 

7  5 

i  .1 

5  6 

6  7 

0  5 

8.0 

6  1 

5  6 

5  4 

5  1 

6  6 

7  3 

5  5 

5  8 

■I: 

»  2 

6  3 

8  9 

6  t< 

S  6 

5  4 

5  1 

6  a 

6  0 

5  5 

5  5 

10  7 

«  2 

8  6 

5  9 

5  7 

5  4 

5  1 

6.2 

5  9 

S.5 

5  5 

0  0 

8.1 

8.1 

5  7 

6.1 

SO 

5.2 

0.1 

5  0 

s.4 

5.S 

8.5 

0.1 

7.3 

5.8 

O.I 

5  2 

6  2 

5  7 

5  4 

5  5 

±: 

8.5 

0.1 

7.2 

5  8 

0  1 

.1  .S 

6  1 

5  7 

3 

5  5 

8  2 

6  0 

10  0 

5  8 

6  1 

•'i  t) 

li  1 

a  7 

5  3 

5  8 

8  1 

5  9 

10  1 

5  9 

5  7 

5  5 

6.0 

5.6 

5.3 

5.7 

■i- 

8.0 

5.0 

0.3 

5.0 

5.8 

•.» 

S.7 

t.* 

6.S 

7.S 

0.0 

S.S 

t.t 

S.9 

Digitized  by  Goc^^lc 


Hand  Book  of  Induna  Gbology 


353 


Aitly  (Sag*  Readimga  on  Wabath  River  at  Logantport,  Indiana,  from  Jtdy  18t 
1910,  to  Jviy  17, 1911,  Inehuivo— Continued. 


Day 

July 

Aus. 

Sept- 

Oct. 

Nov. 

Dor. 

Jan. 

Feb. 

Mar 

Apr 

Muy 

June 

5  S 

5  S 

8  0 

S  7 

5  4 

«  0 

8  H 

7  0 

5  9 

8.8 

S  K 

R  0 

2S   

S3 

.1  5 

ti  0 

5  h 

5  4 

i  R 

6  7 

6  S 

5  9 

7  2 

5  7 

6  1 

9  2 

.s  .^ 

A  2 

h  6 

5.4 

5  8 

8  A 

6  7 

5  9 

7  2 

5  A 

7  6 

5  2 

A  3 

5  8 

5  5 

5  K 

7  4 

«  « 

6  0 
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The  Cicott  Street  bnVlpro  was  carried  away  during  the  flood  of  1913.  The 
records  from  the  gage  which  were  kept  by  Mr.  William  Sehrt  were  also  de- 
stroyed when  the  flood  swept  throvgh  his  dwelUngr-  The  bridge  was  replaced 
by  a  handsome  concrete  structure.  Upon  this  brid>re  the  U.  S.  Weather 
Bureau  established  a  gage  of  the  Mott  type.  It  was  read  but  seven  months 
of  the  TOOT  until  the  summer  of  1916,  when  arrangements  were  made  whereby 
the  Department  of  Geolofry  and  Natural  Resources  of  Indiana  was  to  take 
records  from  the  gage  for  the  remaining  five  months.  Tlie  gage  is  read  each 
day  by  Mr.  F.  L.  C  Boerger.  The  foflowinir  ^ta  has  been  coUeeted  at  this 
station: 


Daily  Gage  Height*  on  Wabash  River  at  LogatMport,  Indiana,  for  1915. 
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Daily  Gage  Heights  on  Wabash  River  of  Logawtftort,  Indiana,  for  191S. 
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From  the  foregoinK  data,  a  fair  idea  of  the  discharge  of  the  stroum  can 
be  gained.  The  lowest  discharge  in  IWS  was  342  sccond-fcct  on  July  14, 
and  the  highest  about  33,000  second-feet  on  July  2.  The  lowest  discharge 
in  1904  was  260  sccond-fect  on  Aujjust  13  an<i  Spptomber  8,  and  the  hi^rhest 
was  56,140  second-fect  on  March  27.  In  11>05,  the  lowest  discharge  was  345 
second-feet  on  August  4,  and  the  higrhest  estimated  at  33,7S0  seoond-feet  on 
May  12.  In  IWn,  tho  lowest  was  204  second-fect,  on  February  n,  and  the 
highest  26,i)00  second-feet  on  March  28.  In  1910-11,  the  lowest  was  less 
than  810  seoond-feet,  from  Auintst  7  to  August  17,  1910,  and  the  highest 
21,200  second-fect  on  January  28,  101 1.  Thi.-;  sliow  t!it>  hij^h  discharge  to 
he  practically  one  hundred  times  the  low  discharge.  Since  this  station  is 
.  situated  one  mile  helow  the  mouth  of  Eel  River,  the  discharge  from  it  must 
bi-  subtracted  in  each  ca.se  to  determine  the  discharKe  of  the  Wabush  above 
the  junction  of  the  two  streams.  The  discharge  of  Eel  liiver  is  not  known 
for  the  years  prior  to  1910  and  1911.  Between  August  7  and  17,  1910,  it 
is  found  from  tho  data  of  the  Third  Street  Gaging;  Station  to  have  varied 
from  125  second-feet  to  210  second-feet,  which  indicates  that  the  disdiarge 
on  the  Wabash  was  Tess  than  100  second-feet  during  part  of  this  time.  On 
JaiHKiiy  '2H,  1011,  the  discharpo  of  Eel  River  was  1,80.^  second  feet,  whidl 
■indicates  that  the  discharge  of  the  Wabash  was  10,305  second-feet.  Thus 
the  maximum  discharge  of  the  Wabash  at  the  mouth  of  Eel  River  is  ap- 
proximately two  hundred  times  the  minimum.  The  United  States  Geological 
Survey  maintained  a  Raj^e  on  the  Wabash  River  at  Terre  Haute,  Indiana, 
from  February  25,  1005,  to  July  20,  1006.  The  following  data  is  taken  from 
the  United  States  Water  Supply  Papers: 

Wnbdsh  Rifff  (it  Tirrc  Htiiitv,  hidiava.*  This  station  was  established 
February  25,  1005.  It  is  located  at  the  Vandalia  Line  railway  bridge  near 
the  city  waterworks.  There  are  no  tributaries  nor  any  islands,  falls  or 
dams  in  the  river  near  the  station. 

Tlie  chaumel  is  practically  straight  for  700  feet  above  and  below  the 
station.  There  is  a  considerable  angle  of  approach  on  the  right  bank,  but 
practically  none  at  the  l^t  bank.  The  ri^ht  bank  is  comjiaratively  low  and 
alluvial,  but  is  proterted  by  a  levee  that  does  not  overflow.  The  left  bank 
is  high,  covered  urith  buildings,  and  does  not  overflow.  All  of  the  watmr 
passes  between  the  abutments  of  the  bridge.  The  bed  of  the  stream  is  eom- 
posed  of  hard,  permanent  material,  is  clean  of  vegetation,  and  always  con- 
sists of  but  one  channel.  The  current  has  a  rather  swift  velocity  at  low 
stages. 

Discharge  measurements  are  m.ide  from  the  downstream  lower  chord  of 
the  bridge.  The  initial  point  lor  soundings  is  the  center  of  the  truss  pin 
through  the  left  end  of  the  downstream  lower  chord  of  the  left  span  of  the 
bridge. 

A  standard  chain  tiUKe  is  fastened  tu  the  downstream  side  of  the  bridge 
on  the  first  span  from  the  left  bank;  length  of  chain,  42.97  feet.  During 
1005  the  gage  was  read  by  Mv.  Albert  Shewmaker.  The  gage  is  referred  to 
bench  marks  as  follows:  (1)  The  Terre  Haute  city  bench  mark  at  the 
northeast  comer  of  First  and  Chestnut  streets;  elevatimi  0.88  feet  (2)  The 
.•southeast  corner  of  the  loft  abutment  of  the  Vandalia  Line  railway  bridge; 
elevation  36.40  feet.  (3)  The  base  of  the  railroad  rail  immediately  opposite 
the  pulley  at  the  gage  box;  elevation  42.51  feet.  Elevations  refer  to  the 
datum  of  the  ^av*  This  is  0.83  foot  below  the  city  datum,  which  is  488.72 
feet  above  mean  sea  leveL 
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Di»eharge  MeamiremenUi  of  Wub<u<h  River  at  Terre.  Haute,  Indiana,  in  1905.* 
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4  :t 

2  9 

16 

2 

1 

2 

(B 

2 

7 

1 

58 

6  0 

5.0 

7 

h 

4  1 

2  65 

15 

2 

■IK 

1 

8 

2 

45 

1 

42 

5  3 

4  5 

8 

0 

3.9 

2.5 

1.42 

2 

3 

I 

2 

2 

2 

1 

4  9 

4.1 

s.i 

t.7 

1.4 

1.78 

2 

02 

I 

f 

12 

8 

4  4 

4ft 

7  1 

1.68 

1 

75 

95 

44. 

tOagv  hficlit  ifilcrpolatcil         "Water  supply  paper  L'.  H.  Geol.  Survey.  No  169.  pjige  78 

Station  Rating  Table  for  Wabaah  River  at  Terre  Hmite,  Indiana^  from  Febru- 
ary tS  to  December  SI,  1905. 


Game 
PmI 

DincliarKP. 
8M.-Ft. 

llficht. 
Kwt 

.Sw  -Ft 

lirmht. 
Kwt 

1  )i»rhariee. 
."<«•  -Kt. 

Catv 
Fwt 

1  )i!tchHrKP> 

•••» 

I.MS 

2  SO 

4.110 

4.10 

«.4» 

7.40 

17.200 

1  m 

2.065 

2  60 

4.no 

4  40 

S.tlO 

7  44 

17.800 

1  10 

2.195 

2  70 

s.on 

4  60 

9,3911 

7  80 

18.400 

1  .11 

.>  ;t:!5 

2  80 

5. 240 

4  Sll 

9.sy;i 

8  00 

19.000 

1  JO 

2.4S5 

1  90 

S.iSOft 

5  (M) 

10.400 

8  20 

lU.MIO 

1.40 

2.643 

3  OU 

5.720 

5  20 

10.920 

4.40 

20.301) 

i.w 

2,H0H 

3  10 

5.940 

5  40 

tl.4«l 

8.4D 

21,000 

1.10 

2.978 

3  20 

B.ieo 

5  60 

11.900 

8  80 

21,700 

1.70 

3,  ■.'^2 

3  30 

6.:«» 

5  .sti 

12,. 540 

9  1)0 

22,4t10 

I.» 

3.130 

3  40 

6.6i>5 

A  00 

13. 100 

9  .50 

24.1. Ml 

ISO 

3.513 

3  SO 

6.830 

0  20 

13.6(kl) 

10  IRI 

2.1.  yoo 

2  no 

a.Ttm 

3  6(» 

7.055 

6  40 

14.210 

10  ,iO 

27.8110 

2  10 

3.8l»1> 

3  70 

7,2811 

6  on 

14.820 

II  00 

JU.SOU 

2  211 

4.UMI 

3  80 

7. .MO 

0  80 

l,'i,4<K> 

11  .'XI 

31.800 

3  30 

4.275 

3  90 

7.740 

1  7(10 

16.0181 

12  00 

33.800 

3  44) 

4,470 

4  m 

7.970 

1      7  20 

16.600 

NOTE— The  sbovs  table  ia  applicable  ooly  for  opM  ith—rt  oonditioas.    It  in  hnwd  tm  nii  tlisrha 
ma— nr«menta  mada  duriaii  IWIS.  It  ia  well  deliiMd  brtiwwa  fff  heiKhla  1  foot  and  4  (wt    The  tablv  haa 
bawmtaadad  bayood  thaaa  Umita,  baiat  baaad  oa  oaa  wMaiiKiiinal  at  4.4  faat  aad  alao  on  well-defiaed  arm 
KVulaeityejrtrMtalSfMt.  AbimihbiHiiMtteotfircbnMnaaeartaUMtlwiimomllam. 
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Dheharge  Measurementu  of  Wabash  Ru'er  at  Terre  Haute,  InHtma,  t»  1906. 


Ilycirographer 

Width, 
Feet 

Aien  of 
Sectiofi, 
.Sq.  Ft. 

Gwte 
lipight. 
Foot 

UiacharKB, 

Soe.-Ft. 

April  20  

Jaao  9  

Brainan  nn<l  KrinKunian 
E,  F.  Krnic<iii!»n 

E.  F.  KrHBNBMi  

E.  P.  Kriocaman  

iH2 
b<itj 
7M 
580 
564 
557 
557 
553 
549 
S4I 
535 

10,  Tim 
13,000 
8,530 
7,740 
6.790 

6.310 
5.950 
5.190 
4,U0 

4  40 

IJ  S4 
19.20 
12.03 
10.80 
9.30 
».92 
7.95 
7.66 
«.3S 

«.n 

6,710 
40.000 
62.800 

as, 500 

S3.S00 

10.300 
IS. 2U0 
16.8U0 

it.in 

II.4W 

fHarluil  itf  ajn<iiliuiu. 

Daily  Gaye  Heights,  in  Feet,  of  Wahunh  River  at  Terrc  Hnute,  Indiana,  for 

1900. 


1. 

a. 
I. 

4. 

i. 

8 

7. 

S. 

t. 
M. 
11. 
tt. 
U. 
U. 
U. 
I«. 
IT. 
U. 
W. 


». 

n. 

96. 

n. 


n. 


Jan. 

Fi'l,. 

.Mur 

Apr. 

May 

June 

Jaly 

4.58 

8.23 



6.02 

19  8 

3.88 

5.72 

l.« 

4  72 

7.28 

4.88 

19.33 

3.8 

4.32 

i.n 

4,K5 

6.0 

7..tH 

18. 4S 

3.78 

3  5 

I.SS 

hM 

9.9 

17.7 

3.75  2.88 

1.33 

8  5 

5. IS 

10.78 

16  8 

3.78 

2,88 

1.38 

7.3.5 

10.48 

15.22 

3.52 

3.2 

1.7 

7.M 

2  45 

9.2s 

12  9 

3  3 

3.12 

1.72 

7  IK 

-',.151   S  48 

10  75 

3.1 

2  52 

1  62 

S  H.> 

2  7 

8  3 

14  22 

2  95 

4.22 

1.6 

4.7.S 

■i.U 

8.18 

15  02 

2  9 

5  55 

1.52 

3  K5 

■2.m 

7  82 

15  1 

2  82 

4  52 

1  42 

4  02 

02 

7.28 

15  3 

2,72 

4.08 

1  35 

3.«3 

3  2 

6  75 

15.42 

2  62 

3.38 

1.32 

3.a« 

3  72 

6.38 

14.95 

2.52 

2.92 

1.83 

3.55 

4.42 

S  98 

12  85 

2.45 

2.6 

1.25 

2.75 

4.15 

5  58 

12  52 

2.35 

2  32 

1.23 

S.U 

3.4 

5.28 

12  75 

2.28 

2.12 

1.4 

3.8S 

3.12 

4.W 

12  25 

2. It 

1.98 

1.75 

s.w 

3.6 

4.82 

10  7 

2.12 

1.82 

1.7 

4  65 

4.02 

4 

9  1 

2.08 

1.75 

1.46 

5.72 

4.2 

4  3-i 

7  9 

2.03 

1.75 

I3.6S 

3.78 

4  42 

6  95 

1  92 

1.7 

15.96 

3.82 

4.6 

6.28 

1.9 

l.« 

16.82 

3  78 

4  52 

5.72 

1  85 

l.« 

17.12 

4  18 

1.48 

5.38 

1,9 

1.5 

17  3!) 

5.0 

6  35 

5  05 

1  98 

1  42 

17.22 

5  22 

14.28 

4.78 

1.9 

13 

16.25 

5.3 

15.88 

4  48 

2.12 

1  28 

14.12 

16.42 

4.35 

2.08 

1.2 

U.U 
9.3 

17.03 
IS.OS 

4.05 

1.38 
4.11 

l.U 

N<XrE— Ire  giintc  ;ir  ruilrT»:i<l  )>ri<l)(e.  ii  slmri  .'.i>l:ini  i'  afiKM'  tlio  lauiinn  BwlioO,  FcblMUy  7  40  18. 
Tilt'  Ho»  ut  thotcaeiOiC  M»M  iv>n,»;ui  proliiibly  iiffwloil  1>>  iri-  mi  iinl.\.l  I'liriary  1.1  .•iniJ.H). 

Rutin!)  Table  for  Wahtutk  Hirer  at  Terrr  Haute,  Indiana,  for  1905  and  1906. 


Gaco 

pSSt 

(tace 
lleiiht. 

Feet 

.See.-F». 

ClHICO 

iMiiit. 

Peet 

DiaehaiRe, 
8M.-Ft.  1 

Guae 
Hei«lit, 
FtH'l 

8m.^ 

1.00 

2.0*1 

2.5(> 

4.510 

4  IK) 

7,>i'.'iJ 

7  IHJ 

14,700 

1.10 

3.1HIJ 

2.00 

1.7U0 

4.211 

8  U«) 

17,200 

1.30 

3.330 

2.70 

4.9Q«> 

4.40 

8.5(KJ 

9.0O 

19.888 

1.30 

3.460 

2. 80 

5. 100 

4  no 

S.IMO 

10  00 

23.500 

1.40 

2.610 

2.90 

5,300 

4  NO 

y,  :'.si) 

11  110 

25,300 

1.50 

2.7711 

3.00 

5.SO0 

5.00 

y.s.iii 

IJ  IK) 

28,400 

1.80 

2.940 

3.10 

5. 700 

5  20 

lo,;!(io 

13  UO 

31,»>0 

1.70 

3.110 

3.  a  J 

S.WW 

5  4<l 

10,7>M» 

U.dO 

35, «« 

1.80 

3.280 

3  30 

H,  100 

5.6*) 

1 1 .  2M) 

15  00 

39,.')00 

1  90 

3,450 

3.40 

ti  :uii 

5. NO 

11.7411 

10.00 

43.7UO 

2.00 

3,620 

3  SO 

ti,.'>.><) 

6  <I0 

12.2.11 

17.00 

48. 100 

2.10 

3.791) 

3  tiO 

ti,  740 

6  20 

12.700 

IS  (II 

,'i2,700 

2.30 

3.970 

Mu 

6.5HiO 

6  40 

13,200 

\'>  IH( 

.'.7.4UI 

3.30 

4.150 

7.180 

6.60 

13.7UO 

20. UO 

62. lUO 

S.40 

4.338 

7.4m 

8.88 

14,380 

aaMH^atonldtdniwl 

.  ItliinUdafiBMl. 

It  !■  bMtd 
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DBPABTMBNT  op  CaNSEBVATION 


On  July  21  and  22,  lUlO,  the  writer  viMted  the  T«rre  Haute  waterworkB 
statkNi  and  found  that  daily  gage  readiligi  had  bcoi  kopt  at  that  point 
since  1901.  These  >raf^e  rpadinprs  were  secured  through  the  kindness  of 
Mr.  Taylor,  chief  engineer  of  the  Terre  Haute  Water  Works  Company, 
and  will  be  fpven  in  this  report  Two  current  readings  were  taken 
from  the  Wabash  Avenue  hridiro  in  Terre  Haute,  and  these  will  be  used 
with  the  readings  of  the  United  States  Geological  Survey  to  determine  a 
rating  table  to  accompany  the  gage  readings: 


Disohurge  Measurements  on  W'abanii  River  at  Terre  Haute,  Indiana,  from 

1905  to  J91J. 


May  12.  IW*  

iauv  IWtt   

Julv  29.  ItNU  

Auicittt  25.  1906  . 
S,i>(i>nibrr  II.  1906 
K,.t)ru»rv  18.  1W«|.. 

Muri  h  :<l,  IW«  ... 

Afiril  IK.  I0tw  

April  10.  1900  

April  2U.  I9IW  . . . 
April  20.  I9U6  ... 

AprU2l.  IWW  

A»(Un.  MM  

ikirii».im  

JafarSS.  r.'io 

I9U  


HrfniKtn  

Hri'iiiuin  

Kreniuin   

BrmiuiR   

BreoiuiB  . . . 

lireaoan  and  Kr ii^><nmii 
K.  K  Krit'Ci'iniui 

P..  F  KrieSmS'!'!!Xi 

K.  F.  Kriiitr«man   

E.  F.  Kruv-uiiUi   

K  F.  KriecBiiisa  

K.  F.  KrivontM  

K  F.  KriecHinaa  

F,  F  Krii-cuniin      .  ... 

W.  M.  Tu.  U  r   

Tucker  muI  CUirk   


CiiKi'  Hfiicht, 

Ftwt 

e  m 

15.7.50 

2  H4 

7.367 

&2 

2.M8 

1  II) 

3.700 

10 

2.0M 

3  M 

S.7I0 

M  IH 

40.600 

IN  311 

62.800 

II  12 

2S.U0 

•  90 

22.200 

8.40 

19.300 

8.02 

18.200 

7  OS 

16.800 

6  7S 

16.200 

5.45 

13.200 

4  08 

II.40O 

.67 

2.962 

.2S 

2.249 

t  PkrtU  hM  eoMlieiow. 

NOTE— Tk«  rvstling!*  takes  bjr  Meanni   Brrnmtn  titul 
which  wan  placed  .9  (eet  loirrr  than  thm  waUrwnrloi  ioki- 

Kivc«  tlalJi  for  a  rntinic  tjihU-  Un  thr  wati-rwiirk*  Tin-  nxliirtHio  luia  btxn  niiutr  in  thix  tnlilc 


Kri«v<inaii  were  bailed  m  the  piirrnimwit  tttlft 
ThuM  the  reductioQ  o(  each        readiiB  I^Ttlt. 


Gage  Reading*  on  Wobaah  River  at  Terre  Haute  Wateru-orka  Station  for  1901. 


I., 
a.. 

4. 

S., 

9., 

7.. 

8 

9. 

10.. 

It., 

It., 

13.. 

14.. 

IS 

Ifl 

17 

IK 

19 

30 

21. 

32 

23 

24 

a 

26 

27 
28 
2« 

30., 
31  . 


Junr 

July 

Auf, 

Sept 

(kt 

Nov. 

Dm. 

7  0 

3  7 

1  4 

1  3 

IS 

1  0 

1  3 

6  U 

3  0 

1  4 

13 

1  s 

1.0 

1  2 

SO 

2  H 

1  5 

IS 

IS 

12 

12 

4  0 

2  S 

IS 

IS 

IS 

13 

1.2 

3  5 

3  0 

IS 

1  S 

1  s 

13 

12 

4  0 

2  0 

IS 

t  S 

1  s 

12 

12 

6  0 

2  0 

IS 

IS 

IS 

13 

13 

4  5 

18 

IS 

1.5 

1.5 

1.3 

1.2 

4  0 

IS 

IS 

1.5 

1.5 

1.3 

it 

3  S 

10 

IS 

15 

1.5 

13 

1.0 

3  0 

10 

1  S 

IS 

t  s 

IS 

10 

2  .■• 

0.5 

1  5 

1  5 

1  5 

1  3 

1  0- 

2  0 

0  0 

IS 

IS 

10 

13 

9 

18 

0.9 

IS 

IS 

10 

1  3 

3  5 

IS 

90 

IS 

IS 

12 

13 

6  7 

IS 

0  s 

IS 

IS 

2  0 

13 

6.0 

1  S 

n  ,s 

1  5 

1  5 

2  5 

13 

• 

1  H 

n  H 

1  5 

1  5 

2  :t 

1  3 

• 

1  ,'. 

1  0 

1  .1 

1 

1  H 

1  .1 

• 

1  n 

10 

1  3 

15 

1  3 

1  3 

• 

1  5 

1.0 

1  3 

1  5 

1  0 

1  3 

SO 

4  0 

10 

1  3 

IS 

0  5 

1  3 

S3 

i  5 

10 

13 

1  5 

0  5 

12 

5  5 

10  0 

1  3 

1  3 

1  5 

0  0 

1  2 

6  0 

7  0 

1  3 

1  3 

1  5 

0  0 

1  2 

6  0 

5  5 

13 

1  3 

1  5 

OS 

1  2 

6  3 

N  0 

1  3 

1  3 

1  5 

0  5 

1  2 

6  3 

6  i) 

1  3 

1  H 

1  5 

0  7 

1  2 

6  3 

h  (1 

1  :l 

1  3 

1  5 

0  H 

1  2 

6  5 

4  .'. 

1  4 
1  4 

1  :» 
1  :i 

1  5 

1  0 

to 

12 

6  5 
6  3 
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Gage  Readings  on  Wabash  River  nl  Tcrrr  Hmitr  Waftrworks  Station  for  1902. 


J»n. 

Mar. 

Apr. 

Junr 

July 

— 
Avs . 

SrpI . 

Oct . 

1 

6  3 

1 

i 

10  0 

)l 

2  7 

1 

7 

IS  S 

3  8 

0  A 

S  0 

4  0 

• 

A  0 

5 

13  0 

2  5 

2  0 

17  0 

3  5 

0  A 

5  0 

1 

4  4 

* 

Q  0 

1 

12  5 

ft 

It 

2  3 

h  5 

18 

7 

9  3 

0  4 

S  0 

t 

Q 

A  11 

A 

6  0 

1 

In  <i 

1  8 

4  7 

It  t 

fi  0 

0  4 

i.S 

1 
1 

7  0 

% 

1 

^ 

H  0 

6 

1  A 

t.t 

ISO 

4  0 

0  4 

0  7 

1 

2 

7  K 

&  K 

t 

5 

5  5 

•J 

2  0 

70 

18 

2 

SO 

0  8 

7  3 

1 
1 

8  4 

5  ft 

1 

5 

5  U 

h 

3 

3  0 

«  3 

17 

4 

4  3 

0  8 

7  8 

8  A 

5  0 

1 

5 

4  9 

ft 

0 

3  0 

A 

7 

Ifi 

2 

4  0 

0  H 

8  h 

t 

3 

7  3 

• 

A  ft 

1 

5 

5  7 

4 

4 

3  2 

*  ■  • 

«  7 

15 

0 

a  6 

0  6 

8  3 

3 

2 

A  0 

■A 

1  5 

1 

S 

c  n 
0  V 

4 

0 

3  0 

8.0 

II 

2 

3  I 

U.4 

7  0 

3 

2 

5  0 

11 

1  0 

t 

S 

S  S 

3 

8 

J  7 

8 

0 

8 

8 

3  0 

0  4 

5  8 

3 

0 

4  5 

u  

3  S 

5 

S  7 

3 

5 

2  3 

« 

3 

7 

6 

2  6 

0  2 

4  S 

3 

» 

h  3 

u  

>  n 

1 

S 

7  0 

3 

3 

1  8 

A 

3 

6 

4 

2  3 

1  0 

4  0 

4 

0 

5  8 

14 

1  5 

1 

S 

f(  2 

3 

0 

1  & 

5 

5 

5 

4 

2  3 

0  5 

5  8 

3 

8 

AS 

15 

1  n 

1 

& 

R  S 

2 

8 

1  2 

5 

3 

4 

A 

2  A 

0  4 

4  5 

3 

7 

S  7 

U  

1  n 

I 

5 

H  2 

2 

5 

1  0 

« 

2 

4 

n 

2  8 

0  4 

4  0 

3 

4 

7  8 

17  

n  s 

1 

5 

8  7 

2 

0 

0  N 

M 

3 

7 

2  7 

0  « 

3  8 

3 

4 

8  9 

M  

0  s 

1 

5 

S  3 

0 

0  7 

>i 

3 

3 

2  8 

0  4 

3  0 

3 

7 

«  0 

0  0 

1 

5 

N  0 

I 

7 

0  4 

5 

3 

2 

2  3 

0  4 

2  8 

4 

2 

»  8 

»  

0  5 

t 

b 

7  n 

1 

S 

0  3 

4 

8 

2 

2  A 

l»  3 

2  S 

5 

0 

10  2 

a  

U  K 

1 

h 

A  n 

1 

1  0 

3 

A 

\ 

K 

2  8 

0  3 

2  3 

5 

7 

12  3 

n  

1  0 

i 

5  0 

1 

2  3 

2 

5 

i 

K 

2  8 

0  3 

2  7 

5 

3 

US 

n  

1  5 

S 

4  5 

1 

3 

3  2 

2 

0 

S 

( 

2  « 

0  3 

2  7 

K 

15  2 

J  " 

1 

S 

4  2 

1 

2 

2  7 

1 

7 

S 

5 

2  3 

n  3 

2  A 

\ 

3 

15  5 

M  

2  0 

I 

5 

3 : 

\ 

1 

2  5 

1 

A 

4 

6 

2  (1 

2  n 

2  2 

3 

8 

15  8 

n  

2  0 

I 

2 

a  A 

1 

2 

4  0 

« 

S 

4 

4 

1  A 

3  h 

18 

3 

4 

l«  0 

»  

2  0 

0.0 

13 

1 

0 

4  2 

1 

7 

3 

6 

1  2 

2  8 

IS 

3 

3 

IS  1 

»  

It 

t  0 

3  0 

1 

0 

4  0 

I 

8 

a 

2 

t  2 

4  0 

1  S 

3 

4 

14  0 

It 

4  a 

1 

0 

3  3 

5 

0 

3 

2 

I  () 

S  0 

1  4 

2 

K 

10  0 

»  

It 

6  0 

I 

3 

2  7 

13 

5 

3 

h 

n  s 

3  5 

13 

3 

5 

8  0 

n  

It 

.3 

3 

8 

1 

1.2 

7  0 

Gage  Readings  on  Wabash  Rivt  r  at  Terre  Haute  Watenvorks  Station  for  1903. 


DAT 

Jan. 

Feb. 

Mar. 

Apr. 

May 

July 

Aim. 

Hept. 

Oct. 

Nov 

I)c«. 

C 

0 

14  ft 

15 

0 

3  8 

S 

2 

5 

ft 

1 

8 

1  2 

-  ■  ■ 
1  ft 

—  1 

4 

3 

S 

S 

15  2 

IS 

M 

3  4 

4 

7 

ft 

II 

1 

5 

t  0 

1  7 

—  1 

5 

3 

• 

3 

IS  B 

li 

0 

3.4 

4 

t 

4 

7 

1 

ft 

1  0 

17 

—  1 

5 

3 

7 

7 

18  7 

17 

0 

•  S 

4 

2 

ft 

7 

6 

ft 

1  0 

1  5 

-  1 

A 

4 

s 

0 

IS  8 

IN 

0 

9  0 

3 

9 

ft 

ft 

9 

8 

ft  0 

1  0 

I 

A 

4 

8 

ft 

Ift  S 

IH 

10  N 

3 

K 

5 

s 

9 

7 

4  3 

M 

2 

ft 

4 

• 

0 

Ift  M 

Ih 

2 

12  ft 

3 

ft 

7 

K 

3  0 

H 

1 

5 

4 

8 

6 

Ift  a 

17 

ft 

12  7 

I 

1 

H 

s 

A 

2 

2  0 

7 

4 

5 

S 

H 

0 

1*  7 

17 

2 

12  0 

2 

9 

3 

ft 

0 

1  7 

7 

5 

A 

S 

A 

ft 

Ift  0 

lA 

A 

10  3 

2 

K 

9 

II 

4 

1  A 

4 

1  0 

A 

S 

It  

3 

ft 

13  5 

l« 

J 

8  >. 

2 

7 

H 

3 

1  4 

3 

1  ft 

A 

.5 

U  

a 

0 

14  0 

lA 

1 

II  7 

2 

A 

A 

ft 

3 

i 

1  3 

1 

1  7 

A 

6 

M  

; 

1 

14  3 

16 

1 

13  A 

2 

4 

ft 

ft 

3 

8 

1  3 

0 

1  7 

5 

U  

2 

ft 

Ift  9 

IS 

4 

15  7 

2 

2 

4 

II 

3 

3 

1  1 

0 

1  ft 

S 

U  

2 

ft 

l«  7 

IS 

0 

18  0 

2 

3 

3 

5 

2 

II 

8 

0 

1  0 

S 

2 

2 

17  3 

13 

s 

19  ft 

»> 

3 

3 

» 

0 

8 

ft 

7 

2 

17  

2 

7 

17  a 

la 

3 

20  0 

2 

3 

2 

ft 

1 

« 

ft 

10 

II  

4 

3 

lA  9 

12 

4 

19  8 

2 

1 

■» 

3 

1 

K 

ft 

0 

ft 

1  3 

n  

4 

• 

IS  3 

104 

19  2 

I 

9 

2 

l» 

1 

7 

4 

<» 

3 

1  6 

»  

4 

7 

II  0 

• 

4 

18  2 

1 

8 

2 

0 

1 

A 

.3 

.2 

i.e 

4 

0 

8  2 

8 

7 

IS  A 

1 

7 

2 

0 

1 

S 

El 

.1 

.0 

2  7 

a  

4 

2 

7  1 

8 

2 

14  0 

ft 

5 

'» 

1 

H 

2 

0 

1 

30 

A  A 

7 

A 

11  J 

7 

2 

I 

1 

K 

2 

1 

0 

3  0 

M  

a  4 

S  8 

7 

2 

9  0 

4 

5 

2 

i 

1 

8 

0 

-  3 

1 

I 

3  t 

3  3 

7.0 

6 

a 

7  9 

4 

0 

3 

% 

1 

.7 

.0 

—  3 

.1 

1 

3  • 

a.  

3  1 

6  S 

S 

• 

7  3 

4 

3 

S 

3 

1 

« 

—  1 

—  3 

.2 

1 

4  0 

»  

3  2 

7  1 

S 

3 

7  2 

4 

S 

2 

3 

1 

4 

-  2 

  '» 

2 

2 

4  0 

a  

S 

a 

12  8 

5 

2 

A  H 

S 

3 

1 

2 

1 

3 

-  3 

-  \ 

ii 

3 

3  8 

a  

8  0 

4 

8 

S3 

S 

6 

2 

0 

1 

3 

2  0 

.0 

3 

3 

3  S 

a  

140 
14.3 

4 
4 

4 

2 

5  8 

5 
S 

7 
0 

1 

8 

1 
1 

a 

3 

1.8 
1.8 

.0 
.0 

.3 
.4 

3 

3.t 
».t 

n  
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Gage  KuuUftgs  on  Wab«Vih  Kivcr  at  Tcnr  Haute  Wotrriroi  kn  Stntion  for  1904. 


Vn 

Jan. 



Feb. 

Mar. 

Apr. 

May 

June 

July 

AuE. 

8epl. 

Oct. 

Nov. 

Dm. 

1 

.1  3 

9  (1 

12 

H 

23 

1 

14 

3 

3 

g 

2  0 

3 

6 

1  8 

—  3 

—  s 

2 

2  3 

7  5 

14 

i 

23 

t 

12 

4 

4 

n 

2  3 

0 

5 

1  ft 

—  3 

-  5 

3 

2  5 

0  I> 

15 

K 

23 

1 

in 

3 

4 

n 

2  0 

0 

.0 

H 

—  4 

—  S 

4  ...  . 

2  0 

6  0 

17 

2 

22 

6 

K 

3 

4 

n 

2  0 

1 

.0 

8 

—  4 

—  e 

A  

2  0 

5  n 

17 

22 

0 

7 

1 

3 

g 

19 

1 

—  2 

-7 

—  3 

—.6 

1  7 

7 

17 

5 

21 

3 

u 

1 

3 

f^ 

2  3 

2 

—  3 

5 

—  3 

—.6 

7  

1  5 

12-n 

17 

3 

2<) 

5 

9 

3 

14 

3  « 

3 

-  4 

4 

—  3 

—  « 

1 

15  6 

17 

0 

19 

2 

5 

1 

.■J 

,5 

1»  7 

3 

—  5 

3 

—  3 

—  7 

1  3 

16  7 

16 

9 

17 

8 

A 

5 

3 

3 

to  4 

3 

—  .6 

3 

—  3 

  7 

13 

17  1 

IK 

7 

1« 

4 

ft 

5 

3 

0 

g  H 

3 

.2 

2 

—  3 

U  

1.2 

17  3 

16 

« 

IS 

3 

ft 

4 

3 

0 

8  8 

3 

.3 

2 

—  3 

_  - 

1  0 

17  4 

16 

3 

14 

N 

5 

3 

2 

5 

8  0 

4 

3 

3 

—  3 

1.0 

16  6 

15 

3 

II 

2 

4 

8 

2 

2 

7  8 

4 

,3 

4 

—  3 

—  8 

.7 

14  0 

13 

5 

13 

5 

4 

0 

2 

2 

6  8 

5 

3 

.7 

-  3 

—  8 

U  

7 

10  4 

12 

0 

12 

U 

4 

0 

2 

fi 

5  7 

5 

2 

6 

—  3 

— .• 

6 

7  2 

10 

4 

10 

H 

3 

0 

1 

8 

4  5 

6 

.2 

4 

—  3 

—  • 

7 

6  3 

9 

0 

9 

5 

3 

9 

1 

g 

4  0 

6 

1 

3 

—  3 

—  9 

.7 

5.1 

13 

3 

» 

7 

3 

1 

9 

3  7 

7 

5 

.3 

--  3 

-  9 

6 

4  0 

13 

5 

7 

8 

3 

•» 
4 

1 

9 

3  0 

6 

4 

2 

—  3 

—.9 

»  

1  n 

3  3 

13 

K 

7 

6 

3 

0 

3.0 

4 

.4 

.3 

—  3 

-1.0 

4  1 

3  0 

14 

3 

6 

I 

7 

I 

9 

2  3 

3  8 

.3 

—  I 

—  3 

-1.0 

15  5 

4  5 

14 

8 

0 

t 

* 

0 

2 

1 

18 

2  8 

3 

  2 

—  3 

—10 

17  3 

4  8 

16 

3 

» 

0 

4 

0 

3 

2 

1  7 

2 

2 

.3 

—  2 

—  4 

-1.0 

M  

19.0 

0  6 

17 

3 

& 

7 

4 

4 

3 

0 

1  5 

1 

8 

3 

—  3 

—  4 

—.7 

ao.a 

«.« 

17 

8 

A 

H 

4 

3 

3 

7 

13 

1 

S 

3 

—  3 

—  4 

.0 

n  

so  6 

«• 

19 

9 

9 

6 

4 

1 

3 

7 

1  0 

1 

5 

n 

—  3 

—  4 

.3 

30  5 

6.9 

IS 

1 

13 

0 

4 

1 

3 

0 

10 

1 

3 

1  5 

--  3 

—  4 

.5 

» .... 

an  0 

6.» 

M 

9 

13 

9 

4 

1 

2 

6 

.7 

1 

II 

1  7 

-  3 

—  6 

.2 

18  3 

B  S 

34 

0 

14 

3 

4 

0 

2 

2 

7 

1 

0 

2  3 

—  3 

—  6 

.2 

30 

16  0 

33 

3 

14 

5 

4 

0 

1 

9 

.  4 

2  4 

—  3 

—  5 

.3 

31  

ia.4 

33 

8 

4 

0 

— .» 

.3 

Gage  Readings  on  Wabash  Biver  at  Terre  Hante  Waterworks  Station  for  1905, 


•Da 

Jan. 

Feb. 

Mnr. 

,\pr 

Mny 

JttM 

Jttly 

Sept. 

Oct. 

No*. 

Dm. 

.5 

.7 

13  5 

3  8 

8  2 

5  6 

13 

.9 

.7 

.  I 

.8 

8.5 

.7 

.3 

14  0 

S  8 

7  8 

5  6 

1.3 

.8 

.7 

.5 

.8 

9.2 

.7 

.3 

14.5 

6  0 

6  7 

ft. 8 

1.4 

.8 

1.0 

.5 

.7 

8.3 

.0 

.2 

14  6 

6  2 

5  5 

ft  0 

3.5 

.8 

.8 

.4 

.6 

6.5 

.0 

.2 

15  2 

4  8 

4  8 

4  2 

IS 

.7 

.8 

.3 

.6 

5.0 

.0 

2 

14  0 

4  2 

4  4 

5  2 

1.3 

.6 

.a 

.3 

2  0 

5  0 

7  

.s 

.i 

11.3 

3  2 

4  2 

5  4 

12 

.6 

1.(1 

3 

2  5 

4  7 

S  

.1 

.3 

0.1 

2  7 

3  8 

4  S 

1.0 

.4 

.8 

3 

3  0 

4.0 

.4 

.3 

8.3 

2  2 

4  0 

4  8 

1.2 

4 

.  7 

.3 

3  0 

3.8 

.5 

.3 

7  5 

I  8 

4.8 

4.0 

1.5 

1  (I 

.  7 

.3 

2.9 

3  3 

.5 

.5 

«  7 

1.8 

4.8 

8.7 

1.9 

.H 

l.l) 

.0 

2  8 

3.0 

U  

1.0 

.S 

0.3 

1.7 

4.8 

8.8 

4.0 

.8 

3.0 

.0 

2  5 

2.8 

13  

1.1 

.7 

0.0 

l.f 

10.8 

4.1 

3  3 

.8 

8.6 

.0 

2.3 

1.8 

2  0 

.7 

S  8 

1.7 

13  0 

4  4 

5  4 

.5 

3  0 

.0 

19 

(.8 

1  8 

,  7 

4  8 

1  S 

14  7 

4  3 

4  3 

12 

16 

.0 

18 

2  3 

M  

1  7 

.7 

4  n 

1  3 

l.^  9 

4  1 

3  0 

2  (1 

2  3 

0 

17 

2  0 

17  

16 

.8 

3  5 

12 

16  9 

3  8 

2.8 

1.8 

3.8 

—  .2 

1.6 

1.8 

18  

16 

.8 

3  0 

10 

17  0 

8  3 

2.3 

1.7 

3.7 

—.3 

1.4 

1.7 

18 

8 

3  0 

.6 

16  2 

3  4 

2.0 

1.8 

4.3 

3.7 

1.3 

l.T 

1  8 

.% 

3,0 

.8 

13  6 

4  3 

1.7 

1.2 

4  3 

3  0 

10 

16 

1  S 

.8 

5  0 

11 

10  0 

7  0 

3.7 

1  S 

4  0 

4  0 

.8 

1,6 

2.0 

.8 

4.6 

3.8 

7  8 

4  3 

3  0 

15 

3.6 

4  0 

.8 

3  0 

2.0 

5 

4  8 

6  9 

B  1 

3  2 

2.0 

1.8 

2.8 

3  5 

.8 

3.5 

17 

J  7 

4  7 

10  2 

5  1 

2  8 

16 

1  5 

2  3 

3  0 

.8 

6.0 

»  

2  0 

5  0 

4  4 

10  3 

4  3 

2  8 

13 

12 

2  0 

2  5 

.7 

6.8 

2.0 

7  0 

4.2 

9  3 

3  .S 

2  4 

11 

8 

17 

2  2 

.7 

6.0 

17 

no 

4  2 

H  3 

3  5 

2  0 

.8 

.8 

I  2 

2  n 

.7 

5.3 

.9 

11  5 

4  3 

7  2 

3  3 

1.8 

1  :t 

1  n 

17 

.7 

4.7 

.9 

3.8 

7  3 

3  1 

16 

's 

15 

.  7 

15 

.6 

4.0 

tO>  ■■■•••■•■•>«>■*«*•■••(• • - 

.8 

3  3 

7.7 

3  9 

15 

.4 

1.3 

.7 

12 

0.7 

8.» 

.7 

3.3 

7  7 

.8 

1.0 
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CrOge  Readings  on  WabtLsh  River  at  Terre  Haute  Waterworks  Station  for  1906, 


Ki'b. 

Mar. 

Anr 

May 

Jun^ 

luly 

Mav 

rw 

1 

3  7 

7  5 

4  *• 

19  0 

3  II 

5  .S 

3 

  3 

.8 

A 

  K 

d  0 

3.9 

6.7 

4  0 

IN  g 

3  II 

3  7 

2 

—  3 

5 

I 

3  1 

« - 1 

4  0 

i.l 

5  H 

17  h 

3  n 

2  8 

4 

_  3 

3 

 3 

9  Ik 

4 

i.Q 

i.O 

8  K 

17  t 

3  0 

2  0 

.3 

_  3 

2 

—  8 

J  .V 

K 

5!s 

4.7 

10.0 

16  2 

3  0 

•J  0 

'j 

—  3 

  ;j 

3  8 

9.9 

15  0 

2  (i 

1 .8 

—  3 

—  2 

  3 

A  1 

» 

7 

2  7 

H  H 

12  5 

2  8 

2  5 

.8 

  3 

  3 

5 

  3 

ft  H 

7  H 

10  s 

m  n 

1 .8 

.8 

^  .2 

—  3 

3 

—  .'i 

10  3 

5  7 

I  5 

7  5 

13  0 

2  8 

19 

.7 

.3 

—.3 

.1 

—  2 

U  3 

■A 

4  5 

1  3 

7  3 

14  \t 

2  3 

.6 

3 

—.3 

—.1 

—.2 

11.0 

11  * 

3  7 

I  2 

7  0 

14  0 

2  0 

4  0 

_  • 

—  * 

IS  !  

3.7 

12 

6  5 

14  2 

18 

3  5 

i 

.7 

—.4 

—  3 

—  2 

8  7 

IS  

3  5 

13 

6  0 

14  5 

1  8 

2  8 

.5 

.S 

—.3 

—  3 

—  2 

7  8 

U  

J.7 

2  0 

5  5 

14  4 

1.7 

2  0 

.5 

.4 

—.8 

—.3 

—  2 

6.3 

».7 

3  7 

5  3 

13  0 

17 

1.8 

.4 

.2 

—.4 

— .» 

—.2 

8.0 

3.0 

3  2 

4  8 

115 

15 

IS 

4 

.0 

—.4 

—  5 

—.2 

102 

17  

3  n 

2  7 

4  5 

II  H 

1  3 

1  3 

4 

-.2 

—  4 

—  5 

  2 

to  6 

U  

2  S 

1  H 

4  0 

II  K 

1  3 

12 

« 

—.2 

—  .1 

--  .1 

  2 

to  8 

n  

3  0 

2  3 

3  8 

10  2 

1  3 

11 

.8 

.2 

—  5 

—.4 

.0 

10.0 

w  

3.7 

3.0 

3.S 

•  7 

1  1 

,8 

.7 

.0 

—  5 

—.4 

.0 

S.7 

at  

4.0 

8  7 

16 

7  5 

1  II 

.8 

.7 

.5 

—  S 

—.4 

t.5 

7.0 

9a  

II  5 

3  0 

3  4 

6  6 

1  11 

.8 

15 

.4 

—.5 

—.4 

S 

5  8 

n  

I4.V 

3.0 

3  7 

5  7 

1  (1 

.8 

9 

.4 

—.3 

—  S 

H.H 

5  0 

16  0 

3  0 

3  7 

5  II 

1  (1 

.  7 

7 

.« 

—  2 

-  S 

10.0 

4.0 

»  

16  3 

3  0 

3  7 

4  7 

10 

6 

.2 

10 

-  3 

—  5 

%.% 

«.• 

16  - 

4  0 

4  3 

4  3 

1  U 

.5 

.0 

1.0 

—.3 

—  5 

%.% 

SO 

w  

16  7 

4  3 

12  5 

3  S 

1  2 

.5 

.0 

18 

—.3 

—  5 

7  0 

2  9 

as  

\h  0 

45 

15  Q 

3  7 

1.3 

.4 

—  1 

1.8 

—  .4 

--5 

5  S 

3  0 

13.8 

1&.7 

3.5 

1.3 

.3 

—.2 

1.6 

—.4 

—  5 

4ft 

3.0 

11.0 

t.s 

M.O 
17.4 

3.3 

1.0 
2.0 

.3 

—.2 
—.2 

to 

.8 

—  2 

—  5 

—  .6 

3.8 

SO 
5.* 

Gage  Rtadbtge  en  Wabaah  River  at  Terre  Haute  Waterworka  Station  for  1907. 


Jon. 

Fsb. 

Mv. 

Apr. 

May 

Jane 

July 

AoK. 

Hcpt. 

Oct. 

Nor. 

Dw. 

1  

7.0 

7.3 

as 

12  8 

3  4 

7.5 

4.5 

2  4 

12 

.8 

.3 

1.3 

a  

•  8 

6  5 

2.8 

12  8 

4  0 

tl  3 

3  7 

2  3 

2  0 

.8 

.7 
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FiiMipal  Bivanattlw  Vaitod  SUMw.  AM  XH.  ior  UwyMm  ltU>l«M.nr  B.  No.  ■«•,  M»m. 


Daily  Gage  Heights,  in  Feet,  of  Wabash  River  at  Terre  Haute,  Indiana,  for 

1915. 


DAT 

Jaa. 

Feb. 

Uar. 

Apr. 

May 

Juno 

July 

.Aug 

Op«. 

Sov 

Dee. 

1  

0 

2 

3  2 

4 

1 

I 

5 

1  3 

S 

4 

10 

7  7 

4  0 

S 

6 

1.4 

2.8 

2 

0 

2 

5  0 

3 

8 

1 

4 

1  0 

8 

0 

2  0 

9  3 

3  4 

S 

2 

1.4 

SO 

i^;..^^..:  

0 

2 

7  0 

3 

s 

1 

4 

1  n 

8 

0 

2  0 

10  8 

3  2 

4 

4 

IS 

2  S 

4  

0 

<> 

7  n 

3 

5 

1 

4 

1  n 

7 

n 

16 

11  5 

2  9 

4 

4 

12 

2  4 

5  

(1 

2 

K  II 

2 

9 

1 

3 

0  9 

« 

1 

1  6 

10  1 

2  7 

4 

9 

1  1 

3  3 

•  

0 

2 

112 

3 

0 

1 

2 

0  9 

S 

5 

2  0 

9  1 

2  6 

4 

4 

1  1 

2,2 

7  

0 

7 

12  8 

3 

1 

1 

1 

0  9 

4 

8 

19 

9  3 

2  5 

3 

•r 
1 

1  n 

2  0 

8  

0 

7 

12  8 

3 

1 

1 

0 

0  9 

4 

0 

11  3 

9  1 

2  5 

3 

2 

1  n 

19 

9  

n 

n 

13  4 

3 

1 

1 

n 

10 

3 

0 

14.8 

9  1 

2  4 

2 

s 

0  9 

1  9 

0 

s 

13  7 

3 

0 

1 

n 

11 

2 

8 

13  e 

7  7 

2  6 

2 

5 

n  9 

17 

11  

1 

n 

13  2 

2 

9 

1 

n 

11 

2 

8 

7  8 

6  8 

2  5 

2 

2 

0  9 

17 

I 

3 

in  3 

2 

9 

1 

•> 

1  0 

2 

8 

7  6 

in  7 

2  7 

2 

0 

14 

2  5 

13  

2 

2 

8  3 

2 

H 

1 

3 

0  9 

2 

7 

9  9 

9  0 

2  8 

1 

9 

1  9 

2  5 

14  

2 

2 

7  4 

2 

B 

1 

3 

0  9 

2 

7 

11  1 

8  3 

2  7 

1 

9 

1  8 

2  4 

2 

1 

R  i 

2 

.5 

1 

2 

0  H 

2 

5 

10  6 

in  4 

2  2 

1 

9 

16 

2  2 

16  

1 

8 

9  2 

2 

3 

1 

3 

0  7 

2 

3 

9  1 

in  4 

2  2 

1 

8 

1  3 

18 

17  

1 

9 

8  8 

2 

2 

1 

3 

0  7 

2 

6 

9  4 

9  4 

3  2 

I 

7 

1  S 

2  4 

18  

1 

9 

7  9 

2 

1 

1 

3 

10 

4 

0 

10  8 

8  0 

S  5 

2 

9 

13 

3  3 

19  

1 

9 

6  7 

2 

1 

1 

2 

12 

4 

• 

11  8 

6  7 

4  3 

3 

7 

3  1 

3  2 

90  

1 

9 

S  6 

2 

0 

1 

2 

13 

S 

2 

12  4 

5  6 

SO 

3 

6 

3  4 

2  7 

1 

9 

4  K 

2 

II 

1 

2 

1  3 

4 

0 

12  1 

9  2 

S  0 

3 

S 

3  S 

2  1 

22   

1 

9 

4,2 

1 

9 

I 

2 

12 

3 

I 

II  1 

10  S 

6  6 

3 

8 

5  2 

3  2 

1 

8 

4.2 

1 

» 

1 

3 

11 

t 

8 

»  7 

10  8 

5  8 

I 

8 

6  6 

3  3 

1 

8 

4.8 

1 

9 

1 

3 

0  9 

2 

3 

7  7 

11.9 

4  7 

4 

6  0 

3.0 

1 

8 

S  8 

1 

8 

1 

3 

0  9 

1 

9 

6  3 

12  2 

3  8 

2 

9 

5  1 

3  2 

1 

9 

«  n 

1 

8 

1 

3 

1  4 

1 

8 

5  5 

11  5 

3  4 

2 

4 

4  1 

3  1 

1 

7 

.'.  .■> 

1 

H 

1 

4 

1  9 

1 

a 

6  0 

9  6 

3  0 

2 

1 

3  7 

3  6 

1 

7 

4  7 

1 

8 

1 

5 

2  S 

1 

4 

4.7 

7  8 

2  7 

1 

9 

3  1 

19 

1 

5 

7 

1.6 

2.7 

1 

2 

4.0 

6  2 

2  8 

I 

7 

3  0 

17 

30  

1 

S 

7 

1.4 

2  9 

1 

1 

3  6 

S.2 

4  4 

1 

6 

2  9 

2  3 

31.... 

1 

.1 

1 

H 

3  4 

4.0 

4.3 

1 

S 

3.1 

1 
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Dal/y  Gofft  HeighU,  in  Fett,  of  Wabnxh  River  at  Terr*  HmtU,  /mitaiia,  /or 


DAT 

Jan. 

FM>. 

L. 

Mar. 

Apr. 

May 

Jine 

July 

Aac 

Sept. 

Oct. 

Nov. 

Dee. 

I,,  .. 

6  1 

22  0 

\ 

•  0 

13  8 

«  4 

7.8 

4  0 

0  8 

0  3 

0  0 

0  2 

0  5 

S, . 

12  S 

2:i  (t 

5  5 

13  s 

5  r. 

»>  4 

4  X 

0  7 

II  3 

0  1 

0  2 

0  4 

3  

\!>  U 

22  S 

ft  0 

12  S 

4  H 

5  7 

4  3 

0  fl 

II  2 

n  1 

0  1 

0  4 

4 

le  0 

22  2 

4  6 

in  6 

4 

5  1 

3.S 

OS 

U  2 

0  1 

0  1 

0  4 

t  . 

te  4 

21.0 

4  1 

U  1 

4  t> 

4  4 

3.9 

0  9 

0  2 

0  0 

0  1 

n  5 

I  

17  0 

19.8 

4  U 

K  (1 

5  t> 

3  0 

3  6 

0  9 

0  3 

0  0 

0  1 

0  7 

T  

17.8 

18.4 

4.7 

6  9 

5  » 

0  4 

3  2 

0  9 

0.1 

-o  1 

0  2 

0  K 

18.2 

17.9 

5  7 

6  2 

i>  1 

7  !> 

3  II 

0  s 

0  2 

—II  2 

II  2 

I  2 

«  

IB  5 

IS  0 

S  8 

5.« 

7  0 

8  4 

2  fi 

0  K 

0  4 

—i\  2 

n  2 

1  B 

10 

17  8 

12  0 

5  9 

5.1 

8.9 

9.3 

2  3 

0  9 

0  5 

0  0 

II  3 

1  6 

11  

17  4 

K  1 

6  0 

4  7 

9  0 

in  4 

2  1 

0  9 

0  N 

0  0 

0  3 

l> 

IS  

Iti  4 

7  S 

,'i  h 

4  5 

.«  h 

»  « 

2  0 

0  9 

0  Fi 

O  1 

n  3 

17 

IS  . 

10  )t 

7 

5  0 

4  2 

6  5 

^  5 

1  0 

1  1 

0  4 

-0  1 

0  3 

18 

14 

17  S 

7  1 

1  7 

4  0 

5  6 

6  11 

M) 

1  3 

0  ■> 

0  0 

0  2 

12 

15 

17  6 

«  1) 

4  5 

3  H 

4  7 

6  4 

2  0 

1  S 

0  2 

0  II 

0  1 

0.6 

16 

17  6 

5  S 

4  3 

3  H 

7  7 

6  4 

2  4 

15 

0  1 

-0  1 

0.1 

0  2 

17  7 

A  8 

4  1 

3  H 

II  4 

8  5 

3  0 

1  3 

II  0 

-0  1 

0  1 

0  4 

18  

J7  3 

6  t 

4  t 

3  1* 

12  !> 

fi  II 

3  II 

1  (> 

no 

0  I 

0  1 

0.6 

19  . 

IS  6 

e  « 

4  1 

3  S 

12  5 

5  4 

2  K 

OS 

no 

0  n 

0  1 

0  5 

SO 

in  u 

6  7 

4  M 

3  7 

12  0 

5  1 

2  h 

0  s 

-0  1 

-II  1 

0  1) 

0  5 

21  . 

H  2 

6  7 

3  S 

3  5 

II  6 

!,  7 

2  5 

0  7 

-0  1 

n  2 

0  n 

0  5 

12  3 

f,  4 

.1  7 

3  5 

t>  3 

7  4 

4  1 

0  6 

-H)  1 

0  3 

0  0 

0  5 

14  .■> 

«  2 

3  7 

3  5 

n  g 

7  5 

2  7 

0  6 

— 0  2 

0  3 

0  1 

0  S 

M  

U  9 

~  -t 

4  2 

3  1 

6  n 

0  S 

2  0 

1  0 

<l  2 

0  3 

n  2 

0  S 

SB  

15  4 

s  1 

S  9 

2  9 

5  6 

I"  1 

2  0 

(1  u 

—0  2 

0  5 

0  2 

0  « 

sa  .., 

I.S  7 

S  1» 

III 

2  !» 

5  4 

It  0 

17 

0  3 

— «  2 

0  5 

0  2 

0  6 

«  

i:.  H 

h  7 

111  7 

3  1) 

5  II 

S  4 

15 

0  3 

-0.2 

OS 

0  2 

0.7 

n  

15  2 

7  6 

HI  7 

3  3 

5  4 

6  0 

1.4 

0  2 

0.0 

0.4 

0.4 

18 

14  6 

«.e 

Mb 

4  K 

5  !l 

«  5 

1.2 

02 

0.0 

O.S 

o.e 

2.0 

15  4 

12  7 

«  5 

ti  rt 

1.0 

0  2 

0.0 

O.S 

0.6 

S.4 

SI  

IB.  7 

13.4 

ii, 

0.9 

0.1 

0.S 

s.s 

1 

Dailly  Gage  HeifflUa,  in  Feet,  of  W  a  bank  River  at  Terre  HaaUt  Indiana,  for 

1917. 


Dat 


I. 
S. 

s. 

4. 
S. 
0. 

». 
s. 

0. 

M. 
II. 
IS.. 
IS. 
M., 
U. 
M. 
17., 
U.. 
It.. 
90., 
St.. 

ss.. 

M.. 
SI.. 
SO.. 
ST.. 
90.. 
SO- 
SO.. 
St.. 


Jan. 

,  KpIi 

{  Mar. 

.\pr 

.May 

June 

4.1 

2  3 

4  1 

«  3 

5  1 

11  4 

3  9 

2  3 

3  2 

6  7 

5  2 

11  H 

3  7 

2  5 

2  M 

7  4 

i    A  3 

«  N 

3  4 

2  .'< 

2  6 

9  3 

S  2 

H  0 

3  5 

• 

2.2 

II  1 

5  9 

II  3 

3  8 

• 

1  9 

12  4 

«  7 

14  4 

5  2 

• 

1  5 

12  9 

7  2 

13  0 

5  1 

• 

15 

13  4 

>>  4 

13  3 

7  4 

1  5 

13  K 

h  6 

12  » 

9  3 

1  4 

14  I 

8  S 

14  4 

9  7 

• 

14 

14  3 

6  4 

15  2 

7.0 

• 

1  4 

13  0 

5  3 

15  1 

e.s 

• 

2  3 

y  ; 

4  6 

14  5 

2  0 

• 

12  7 

7.4 

4  0 

13  B 

• 

14  5 

«.i 

3  6 

11.7 

• 

14  » 

5  3 

3.1 

90 

• 

15  0 

4  7 

2  9 

7.8 

• 

15  3 

4  II 

2  7 

6  4 

• 

15  4 

4  0 

2  6 

5.8 

2  2 

14  9 

4  0 

2  3 

4  0 

2  3 

12  9 

3  9 

2  1 

4  S 

2  4 

9  6 

3  fl 

4  0 

3  7 

2  1 

7.7 

3  8 

8  0 

3  4 

2  fi 

K  2 

3  0 

8.0 

3.0 

3  3 

8.3 

as 

10.1 

S.O 

3  9 

K  9 

3  3 

10  t 

S.7 

4  K 

«  4 

3  3 

II  « 

3  9 

5  11 

S  9 

3  fi 

S  3 

4  5 

7  (i 

4  3 

«  ' 

9.3 

S.S 

7  7 

fi  4 

9.0 

S.4 

7  3 

''1 

84, 

•FroMO. 
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Rating  Table  for  Wabtuili  Hii-er  ul  Terrv  Hauiv,  Indiana,  for  19U1-11,  Jnclii.tiie, 


Gam 
Height, 

PMt 

Ojim 
FM 

(lata 
HMght, 
FmI 

(illlB' 

liriKlit, 
FMt 

«fc.  Ft. 

0.0 

i.mo 

l.S 

4.390 

3  0 

7.400 

5.9 

14.200 

0.1 

2.0S0 

1.0 

4..SI0 

3  1 

7.«2n 

•  1 

14.700 

0.2 

2.180  ; 

1.7 

4,700 

!        3  3 

7.1 

17.300 

0.3 

2.320 

18 

4,1»IK) 

3  .I 

>•..)(  HI 

8  1 

I8.!«l) 

0.4 

2.'U0 

1.0 

5.  lOU 

3  7 

S.IMU 

8  1 

22.500 

0.6 

2.S10 

2.0 

5.300 

3  8 

V..3MI 

in  1 

24.300 

0  « 

2,770 

2  I 

5.  son 

4  1 

9.  WO 

n  1 

28.400 

«  7 

2,  WO 

2  2 

.'>,7iHI 

4  3 

10  .Tin 

12  1 

3I.KI0 

0  S 

3,110 

2  3 

5.yi«i 

4  S 

10 

13  1 

35.,'iOO 

0.8 

3,2W» 

2  4 

«.  Km 

4  7 

11.260 

14  1 

39.500 

1.0 

3. MO 

2  S 

5.310 

4  » 

1 1 . 740 

15  1 

43.700 

It 

3.S2() 

2  6 

«.520 

.'.  I 

12, 2211 

16  1 

48.100 

1.3 

3,790 

2  7 

0.74O 

5  3 

12.71N1 

17  1 

52.700 

1.3 

3.970 

2.K 

A.  two 

13.200 

1      IR  1 

57,400 

14 

4,IW 

1.0 

7.18U 

1 

13.700 

19.1 

02.100 

The  data  contained  in  these  tables  give  a  very  good  idea  of  the  nature 

of  the  rivLi  at  Tei  if  Haute.  Th<  data  arc  not  entirely  accurate.  The  read- 
ings were  recorded  in  the  Terre  Haute  Waterworks  i-ecord  as  feet  and  inches. 
The  indict  were  reduced  to  tenths  by  letting  each  equal  the  nearest  tenth. 
However,  the  error  due  to  this  cause  is  small.  An  examination  of  these 
data  shows  that  the  Wubaiih  is  a  very  erratic  river.  The  following  table 
shows  some  striking  features: 


Table  Shounxff  Avnual  Flitdiifttimis  of  VVaha.-ih  Rirrr  at  Terre  Haute,  Aiul 
Ratio  betwt'cn  Mttjrimum  and  Minimum  Dine/large. 


Ybu 


Date 


Muiimuiii 
Diaetwrse, 
8M.-Ft. 


M:ixiinum  |  •r;„._ 
flw..Ft.  *••>»•« 


11»U 
1902 
1903 
19iK 

l>tc|.'> 

IIKW 
• 

1807 

tVK 
IWU 
1910 

nil 


October  24 
Kcbniary  27 
Novomlwr  4. . 
l)r<xinilMT  20. 

Jruiimry  4     . . 

<  l<  l<l>..T  17 

October  15.  . . 

Jaly  I  

Saptombar  20, 
(»cioberl3  . .. 

J:iiiiury  7  

Autpiat  14  

13  


I.O.tl 
1,930 
l,2IM 
9<I0 
1.  «.•!() 
I.fl20 
1.300 
3.l«0 
3.320 
1.530 
1.930 
1,410 
t.9» 


June  24 

Julv4   

•Viil  17... 
.March  27. . . 

May  IS  

Muv  17  

.\pnl  1  

April  2  

Jnnaary  23  . 
.Miirch  in 
hVliiuar,v  2S 
Jamuu-y  23. . 
Fcbnuy  1. 


2.1.0OO 
S2.IO0 
66.330 
90,300 
,S2,0'HI 
50,000 
01.630 
61,  MO 
Ki.tSA 
T«<.4!>0 

ta.otu 
37.«ei> 


13 

32 
55 
IIMI 
2fi 

47 

37 
.V2 
211 
45 
SI 


•U.  a.  Gad.  timiragr  (bu. 

This  table  shows  the  maximum  annual  discharge  to  have  occurred  twice 

in  cacli  of  the  fust  foi;r  month.s  and  once  in  each  of  the  next  thre<»  duiinK; 
the  past  eleven  years.  The  minimum  dit>charKe  is  al»o  distributed  among 
seven  months  with  October  three,  August  and  January  two  each,  and  Sep- 
ttniber,  Novemht-f,  T'cci  mli4-i'  an<l  Frbni;»ry  one  each.  The  lowest  ratio  be- 
tween the  minimum  and  maximum  discharge  of  any  year  in  which  complete 
data  is  recorded  is  1  to  26  in  1906  and  in  the  previous  year  the  ratio  was 
1  to  100.  Both  the  ab.solute  minimum  and  maximum  rli.scharne.^;  occurred  in 
lt)04.  The  profile  of  the  Wabash  dhows  a  much  more  uniform  gradient 
than  any  of  the  mailer  stiwanu  of  the  state.  The  fall  is  slight  throughout 
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its  course.  The  profile  is  taken  from  Water  Supply  and  Irri^Tation  Paptr 
No.  ir>9,  U.  S.  Geolo^rirul  Sujrv^,  page  74.   Several  of  the  altitudes  have 

been  checked  by  the  writer: 


TtMst  of  AUitude*  and  Dktanees  Ahnff  WtAaah  Rivtr, 


Lmmoir 

Kstimated 
HIIm  * 

AltiUKlo, 

Fall^PwMik). 

0.0 

1,000.0 

0.0 

100.0 

nt.o 

MO 

ISO 

0B7.0 

S5.0 

MontbtflliMiMiamlUvOT  

an  0 

20  4 

'in  0 

30  U 

fiO.O 

18.5 

U.9 

407.0 

0.1 

90.0 

470.0 

lO.t 

5S  0 

447  7 

4  9 

14  6 

444)  6 

S  8 

2»  0 

424  0 

6  8 

M  4 

3W.8 

6  7 

Mouth  of  Whito  Kivft   

32  5 

m  & 

8  2 

Gmjnrillc.  Ill   

m  n 

3«5.0 

4  9 

40. u 

32S  0 

11.0 

>6.0 

311.0 

0.0 

Ee!  River. 

Ke\  River  rises  by  several  branches  in  the  lake  district  of  southern 
Noble,  northern  Whitley,  and  northwestern  Allen  counties.  It  flows  in  a 
general  southwest  direction,  across  Whitley,  WalMsh,  Miami  and  Cass  oouno 
ties,  and  debouches  into  the  Wubash  River  at  Logansport,  Indiana.  Its  total 
length  is  approximately  110  miles. 

The  valley  is  young  and  has  little  bottom  land.  The  Muffio  are  from 
30  to  7.T  feet  in  heij^ht.  The  valley  lies  entirely  within  ^^^lacial  drift  and  does 
not  touch  bed  rock  until  within  nine  miles  of  the  mouth.  At  Adamsboro, 
the  stream  ftrst  touches  bed  rock  and  a  rapid  is  formed.  This  rapid  is  wide 
and  shallow.  It  is  about  one-fourth  mile  in  lenjrth,  with  a  total  fall  of  six 
feet.  From  this  point  to  the  mouth,  the  stream  flows  on  bed  rock  much  of 
the  way. 

The  drainatrc  basin  of  Eel  River  is  long  and  narrow.  The  tributaries 
are  short  and  those  that  do  not  rise  in  lakes  are  intermittent  streams.  Three 
small  tributaries  which  debouch  in  Wabash  County  rise  in  small  lakes  of 

8oiali<  [  II  Kosciusko.    The  tributaries  near  the  source  of  the  stream  rise  in 

the  lake.s  of  .southern  Noble  County.  The  .storajre  offered  by  the.se  lake'^ 
makes  the  discharge  regular.  The  drainage  area  of  Eel  River  is  777  square 
miles. 

On  July  14  and  1910,  a  gagintr  station  was  established  on  the  bridge 
which  crosses  Eel  River  on  Third  Street,  Logansport.  It  is  a  chain  gage, 
and  is  located  on  the  down  stream  hand-rail  of  the  south  span  of  tiie  bridge. 
The  length  of  the  chain  from  the  end  of  the  wei^t  to  the  first  marker  is 
18  feet  6.7  inches.  The  gage  is  read  once  each  day  by  Mr.  H.  J.  Kruck  of 
the  Logansport  Water  Works  Company.  The  stream  is  straight  for  500  feet 
.above  this  station,  and  a  similar  di.  tance  below.  The  channel  is  about  860 
feet  wide  between  the  bridge  abutments.  Two  piers  divide  the  channel  into 
three  parta.  The  depOi  is  fairly  regular.  The  bed  of  the  stream  is  of  sand, 
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whidl  is  deposited  at  the  head  of  the  backwater  from  Uhl's  mill  dam.  The 
badcwater  reaches  a  short  distance  above  the  station,  but  the  current  is 
reinilttr  and  steadily  down  Btnain.  Th«  bed  has  net  changed  perceptibly 
duiinj;  the  years  since  the  Rai;e  was  established.  All  the  water  must  pas.s 
between  the  bridge  abutments  except  during  extremely  high  water,  when  the 
north  bank  owrflow.  Thm  initial  point  for  soundings  is  three  and  one>lialf 
feet  from  the  north  end  of  the  down  stream  hand-rail.  The  diseharga  and 
gage  readinga  from  this  station  ami»ear  in  the  following  table: 

Du^arge  MsasnrsnMiifs  en  B9l  River  at  LogunHport,  Indiana,  for  3910-1 1. 


Dm 


July  15. 1»10  ... 
AMMt  It,  IMO. . 
MEraHyll.ini 
A|rilM.mi  

iS^Ktm  


W.  M.  Tinker  .. 
W.II.TMwr.... 
W.H.TWnr.... 
W.M.TMnr.... 
aVekar  aad  Ckvk 


CtanHaiilit. 
F«tt 


Sw.-Fi. 


S.8 
t.« 
S.< 
l.« 
t.9 


307.U 
W.» 
I.IIO.I 

a.  147.1 


Cage  Readings  on  Kel  River  at  Logaiutpori,  Indiana,  from  July  16,  1910,  to 

Jutif  15,  1911, 


July 


2  8 
2  9 
2  8 
2  8 
2  7 
2.7 
2  7 
2  7 
2  8 
15 
2.5 
1.7 
2.« 
2  7 
2  1* 
2  7 


2  5 

2.3 
2  S 

2.7 
5 
6 
8 
7 
« 
6 
5 
4 
7 
8 
5 
6 
7 
7 
6 
7 
8 
8 
8 
8 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
S.B 
2  8 
2.8 
2.8 
2  7 
2  6 
2  7 


8ept. 


2  7 
2  7 
2  7 

2  8 

3  0 
3  5 
3  3 
3  1 

2  9 

3  0 


.8 
2 
» 
2 
0 
9 
0 
9 
0 
9 
2  8 
2  8 
2.9 
8.3 
3.3 
3.1 
2.9 
2  7 
2  8 


Oal. 


2  s 
2  U 
2  8 

2  8 

3  I 
3  I 


3 
3 
3 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2  8 
2  8 
2.8 
2  9 
2.9 
2  9 
2  5 
2  « 
2.7 
3.7 
3.9 
3.8 


1  Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Aor. 

May 

inmo 

2  H 

•2 

8 

3  2 

3 

. 

3  0 

3 

0 

3 

4 

3  2 

2  M 

2 

K 

3  3 

3 

3 

3.0 

3 

0 

3 

4 

3  1 

2.« 

2 

8 

4.0 

3 

2 

3.0 

3 

0 

3 

2 

2  9 

2ft 

2 

I 

3 

2 

3.0 

3 

1 

3 

I 

3  0 

2  8 

2 

i 

3 

1 

3  0 

3 

7 

3 

I 

3  2 

2  8 

2 

8 

3 

1 

2  9 

3 

« 

.1 

I 

3  (1  ' 

2  7 

2 

8 

t 

3 

1 

2  9 

3 

« 

3 

0 

3  0  1 

2  7 

2 

8 

t 

3 

0 

2  9 

3 

3 

3 

8 

2.9 

2  « 

2 

8 

t 

2 

9 

2  9 

3 

3 

2 

« 

2  9 

26 

2 

» 

t 

2 

9 

2  9 

3 

1 

2 

9 

2  8 

■  2.7 

2 

8 

t 

2 

K 

2  <i 

3 

0 

2 

9 

2  8 

1  2.6 

2 

8 

t 

3 

<l 

3  0 

3 

0 

2 

9 

2  8 

2.9 

2 

8 

3 

0 

3  0 

3 

1 

2 

9 

2.8 

2.9 

2 

8 

1 

3 

3 

3  n 

3 

9 

2 

9 

2.8 

2.7 

2 

8 

t 

4 

7 

2  9 

3 

9 

2 

8 

2  8 

2.7 

2 

8 

f 

4 

3 

2  9 

3 

5 

2 

H 

2  8 

'  2« 

2 

8 

t 

« 

1 

3.0 

3 

4 

2 

8 

2  9  , 

2  7 

2 

4 

0 

3  0 

3 

2 

2 

8 

3.8 

2  7 

2 

\ 

4 

0 

3  0 

3 

9 

2 

8 

2  9  1 

2  9 

2 

8 

f 

3 

9 

3  0 

4 

4 

2 

H 

2  H  ' 

2  8 

2 

8 

f 

3 

tt 

3  II 

4 

2 

2 

8 

2  H 

2..S 

2 

8 

t 

3 

3 

2  9 

3 

ft 

2 

8 

2  7 

2  .H 

2 

8 

t 

3 

3 

2  9 

3 

9 

3 

0 

2.7 

1  2.8 

2 

8 

t 

3 

2  9 

3 

7 

3 

II 

2  7 

2.8 

2 

H 

2  9 

3 

1 

2  9 

3 

3 

2 

9 

2  9 

2.8 

2 

8 

2  y 

;i 

1 

3  0 

3 

2 

2 

S 

4  3 

2  9 

2 

H 

3  1 

3 

1 

3  0 

3 

i 

2 

H 

3  8 

2.8 

2 

9 

3  H 

3 

I 

3.0 

3 

I 

2 

8 

3  5 

2.8 

3 

2 

4.0 

3  0 

3 

3 

2 

8 

3.2 

3.9 

3 

1 

4  0 

3  II 

3.3 

3 

8 

3.9 

3 

1 

3  8 

2.9 

•• 

,.0 
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tNoMMMldi 
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Rating  Table  for  Etl  Rivtr  at  Logamport,  /ndiaiM,  for  1910-11. 


Haicbt, 
PMt 

FMt 

Sn.<Ft. 

Oan 
F«t 

OiiclMnf, 

HeiRhl, 
Paet 

DiMilmtv, 
8«e.-n. 

2  J 

11.^ 

3.0 

332 

3  7 

4  4 

3. 395 

2  4 

125 

3  1 

425 

J  s 

I,l9»5 

4.5 

3.645 

2.S 

137 

3  2 

3.9 

2.145 

4.6 

i.m 

2  e 

\hS 

:i  ;i 

72<» 

4  0 

2, 395 

4.7 

4.146 

2.7 

178 

3.4 

925 

4.1 

a.s 

SJ 

110 

aao 

a.B 
a.c 

i,m 
i.au 

«.a 
4.a 

s.ta 

The  readings  fr(3m  this  K'IK^p  were  discontinurd  in  July,  1911,  and  the 
gage  was  damaged  during  the  flood  of  1913.  It  was  repaii-ed  and  re-estab- 
Ifshed  on  October  23,  1915.  The  datum  of  the  gage  was  raised  0.98  feet. 
The  initial  point  for  .soundings  was  changed  to  a  point  on  the  down  stream 
hand-rail  directly  over  the  inside  face  of  the  south  abutment  of  the  bridge. 
Readings  are  taken  at  intervals  of  ten  feat  from  this  point.  The  width  of 
the  stream  at  thi.s  point  is  360  feet.  Tha  gast'  has  been  read  during  1915, 
1916,  and  1917  by  Mr.  F.  L.  C.  Boerger.  The  following  data  have  been 
accumulated  during  1916  and  1916. 


DiaOuiTg*  MmmrtmmU  ok  i?el  Rivn-  at  Logamport,  Indkmat  for  1916  aad 

i9ie. 


BydimnwlMr 

C!jM£f  Hi-iglit, 

K«et 

Diaclmrci*. 
8«c.-Ft. 

OotohHr  23.  19IS  

3  9 

4  1 

7  1 

5  0 
3  8S 

271.8 
4Stj  8 
7.478.9 

s.4aa.a 
t5i.e 

N.-w-iiiVr  27.  Itt$  

W.M.TmIcw  

AacMt  u.im  

W.M.Tadur  

DatVy  Ge^e  Heights  on  Eet  River  at  Logamspurt,  Indiana,  for  1915. 


DMT 


t. 
». 

a. 

4. 
I. 

7. 
8 
9 

10 

II. 

12. 

U. 

14., 

IS.. 

M.. 


Oct. 


Nov. 


3  9 

3  9 

3  9 

3  9 

3  9 

:i  9 

3  9 

a.» 
a  9 

3  9 
3  9 
4.0 

a.» 
as 

3  9 

S  9 


Dec. 


4.1 
4  0 

4.0 
4.0 
4  0 
4.0 
4  0 
3  9 
3  9 
3  9 
3  9 
3.9 
3  9 
3  9 
3  9 
3.9 


17 

18. 

19. 

20 

21 

22 

23. 

34. 

25 

2« 

27 

2». 

39. 

30. 

31. 


DAT 


Ort. 


3  U 
.1  9 
3  « 
3  9 
3  9 
3  9 
3.9 
3.9 
3  9 


Nov. 


Dee. 


3  9 
1.9 

a.» 

3  8 


3.9 
3.9 


*0«cB  rapurad  ud  roiaaUlleti  Octobw  33, 
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Daily  Gage  Height  on  Eel  River  at  Logtmstport ,  Indiana,  for  1916. 


Day 

Jan. 

F«b. 

M»r 



.\pr 

May 

June 

July 

Aug. 

8e|>l. 

(kit. 

Nov. 

Dm. 

30 

8  8 

4  2 

4  « 

4  3 

4  I 

4.3 

3.8 

3  8 

3  8 

3  9 

4  0 

«  7 

0  6 

4  2 

4  tt 

4  2 

4  1 

4  3 

3  H 

3  K 

3  H 

3  9 

3  9 

«.8 

5  7 

4  t 

4  7 

4  A 

4  1 

4  2 

3  H 

3  K 

3  8 

3  9 

3  9 

5  8 

5.3 

4  () 

4  5 

5  1 

4  0 

4  2 

3  8 

3  8 

3  8 

3  8 

3  9 

5  4 

5.1 

4  0 

4  3 

4  7 

4.1) 

4  2 

3  8 

3  8 

3.H 

3.8 

4  2 

S.7 

4  g 

4  0 

4  3 

4  4 

4  0 

3  9 

3  8 

4  0 

3  7 

3  8 

4  2 

S  2 

4  6 

4  3 

4  2 

S.I 

4  4 

3  » 

3  8 

3.9 

3  7 

3  8 

4  0 

5  0 

4  H 

4  .^ 

4  2 

S.I 

4  7 

3  9 

3  8 

3  8 

3  7 

3  8 

4  0 

4.K 

e  6 

4  3 

4  2 

4  fi 

4  7 

3  9 

3  S, 

4  0 

3  7 

3.8 

4.0 

1  A 

6  0 

4  2 

4  2 

4  4 

4  5 

3  9 

3  K 

3  9 

3  7 

3.9 

4  0 

4  5 

5  4 

4  1 

4  2 

4  3 

4.3 

3  9 

3  8 

4  0 

3.7 

3.9 

4  0 

5  0 

50 

4.0 

4  1 

4  t 

4.t 

S.I 

S  8 

3.7 

3.8 

3  9 

4.0 

n  

5  H 

4  8 

4.1 

4  1 

4  1 

4  1 

3.9 

3  8 

3  8 

3  8 

3  9 

4  0 

M  

5 

4  7 

4  1 

4  2 

4  : 

4  1 

4  3 

3  K 

3  K 

3  8 

3  9 

4  0 

*-H 

4  3 

4  1 

4  2 

(1 

I  1 

4  7 

3  7 

3  S 

3  .S 

3  9 

4  0 

16  

4  6 

4  3 

4  IJ 

4  2 

as 

4  1 

4  1 

3.8 

3  N 

3  8 

3  9 

4.0 

17  

4  2 

4  2 

4  0 

4  2 

5  1 

4.1 

4.1 

3.8 

3  8 

3.8 

3.9 

4.0 

4  2 

4  i 

4  n 

4  1 

4  M 

4  1 

4  0 

3.8 

3  8 

3.8 

3.9 

4.0 

4  2 

4  2 

4  0 

4  1) 

4  5 

4  2 

3  9 

3  7 

3  8 

3  8 

3  9 

4  0 

10  

4  2 

4  2 

3  It 

4  0 

4  3 

4  2 

3  9 

3  7 

3  6 

3  8 

3  8 

4  0 

11  

7.6 

4  2 

4  0 

4.0 

4  2 

4  3 

3  9 

3  8 

3  8 

4  0 

3  8 

4  0 

tt  

6  7 

4  > 

S3 

4.0 

4  2 

5  6 

3  9 

3  5 

3  8 

4  0 

3  8 

4  0 

a  

S9 

4  2 

69 

4  0 

4  2 

4  S 

3  9 

3  7 

3  8 

3  9 

3  8 

4  0 

M  

5.4 

4  3 

5  2 

4  0 

4  3 

4  6 

3  K 

3  7 

3  8 

3  9 

3  9 

4  0 

»....  

SI 

4  :> 

5  0 

4  0 

4  2 

4  3 

3  7 

3  5 

3  8 

3  9 

3  9 

4  0 

M  

s  0 

4  2 

5  11 

4  1 

4  2 

4  2 

3  H 

3  5 

3  8 

3  9 

3  S 

4  0 

«  

.i  II 

4  .> 

S  s 

.5  i 

4  9 

4  3 

3  H 

3  K 

3  9 

3  (1 

3  8 

4  5 

SB    

.S  5 

4  ■< 

5  7 

4  9 

4  8 

4  2 

3  8 

3  8 

3  8 

3  U 

3  8 

4  5 

n  

5  1 

4  2 

5  5 

4.6 

4  S 

4.1 

3  8 

3  8 

3  H 

3  9 

3  9 

4  3 

»  

6  « 

5  2 

4  4 

4  3 

4.1 

3  8 

3  8 

3  n 

3  9 

4  0 

4  3 

SI  

0  » 

.'i  0 

4  2 

3  8 

3  8 

3.9 

4  3 

Rating  Table  for  Eel  River  ut  Logtmaportf  /luttano,  for  18iS-l6. 


HMghl. 
P«M 

nischarice, 
800  .-Ft. 

<tl««S 

llaiKhl, 
FmI 

Dfeelwrge, 

H««ht. 
Feet 

DiM-iiarnr, 
Sec.-Ft. 

Feet 

Diaehatt*. 

.See.-Ft. 

3  S 

140 

4  3 

761 

St 

2.695 

5  9 

4.695 

3.6 

160 

4  4 

971 

5  2 

3.945 

6  0 

4.945 

3.7 

IK4 

4  5 

S  3 

6.166 

6  S 

6.195 

3.8 

22U 

4  6 

1.445 

5  4 

6.445 

7  0 

7,445 

3  0 

274 

4.7 

1.695 

5  5 

3.69S 

7.5 

6,666 

4.0 

350 

4  8 

t.»4S 

5.6 

3,94S 

8.0 

6.646 

4.1 

4«i 

4.6 

3.166 

6.7 

4.165 

8.5 

11.116 

4.S 

164 

6.0 

S.446 

6.6 

4.446 

to 

13,4«» 

TU*  teUeit  llWMil  tin  iliwtuirKi;  iiuiMuiriiKiilK  tiiiiiif  in  lUII,  l9l2.19l5Md  1916.  It  ia  appruiirMtU-ly 
WKonUe  throuBbout  mkI  well  eMsMislMd  below  S  leet. 


Since  the  ffug^iriR  .station  from  which  fhi«  data  i.s  taken  is  in  the  back- 
water from  the  Uhl  dam,  the  manipulation  of  the  water  at  the  mill  has  con- 
siHornhlc  effect  upon  the  data.  When  the  gage  stands  at  2.7  feet  the  water 
i.^  ]u>\  at  i\w  crest  of  the  dam.  Whenever  the  f^agc  reiri&ters  lower  than 
that,  the  lioafi  is  bein;;  pulled  down  at  the  mill.  T}ie  jjane  is  read  about 
7:U0  u.  m.  each  day  and  it  is  probable  that  the  head  ha.s  been  reduced  on 
some  ilays  at  the  time  of  readinjp.  From  the  data  it  seems  that  the  mini- 
mum confinumis  di.schartre  i.s  about  ISO  second-feet  and  the  maximum  is 
over  4,0UU  second- feet.  A  discharge  of  from  200  to  300  second-feet  occurred 
moat  of  the  y«ar. 

The  profile  of  Eel  Rivir  i>  very  incL'^ular  and  shows  the  irreatcst  fall 
near  its  mouth.   After  the  stream  bed  ci-osses  the  edge  of  the  hard  Niagara 
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linwrtone  at  Adanulioro,  it  hemvy  fall  to  its  month.  The  following  taU* 
ahowi  llie  profile  of  the  liver. 


pRonia  or  Bkt  Ri*r. 


LocanDH 

EitiiQiitod  DMMMe. 

Altitude, 

Fkll  IVr  Mile. 

fa  Mil* 

to  Fat 

Inches 

too 

90 

732 

31 

8 

71S 

23  ae 

» 

701 

IH  «6 

9 

2A  33 

4 

671 

M  00 

» 

43  JO 

7 

an 

41.14 

• 

•17 

38.00 

• 

874 

Tnformation  coTiceminjc  water  power  on  Eel  River  may  be  found  on 
pageti  4U4  to  501  of  the  36th  Annual  Report  of  the  Indiana  Department  of 
Geology  and  Natnral  Reaonrees.  Sinee  that  report  was  made  two  otiier  power 
plants  have  been  inve.stiBrated  above  North  Manchester. 

Liberty  Mills. — A  flour  mill  which  is  operated  by  water  power  is  located 
at  Liberty  Mills  in  the  northeastern  imrt  of  Wabash  County  on -Eel  River. 
It  is  of  the  feeder  dam  and  race  type.  The  dam  is  situated  in  Sec.  22,  R. 
7  T.  30  N.,  and  a  race  one-half  mile  in  length  leads  to  the  mill  in  See.  27 
of  the  same  township  and  range.  The  dam  is  5.2  feet  high,  with  stone  abnt- 
ments  and  woo<1en  structure,  ^le  head  at  the  mill  is  9.3  feet.  One  Dolan 
wheel  is  u.-^ed,  producinR'  a  power  of  7n  h.  p.  The  power  is  used  to  operate 
a  flour  and  feed  mill.    The  proprietor  of  this  mill  is  Mr.  E.  S.  Writtenhouse. 

CoUimer. — A  small  water  power  plant  is  located  at  CoUimer  on  Eel  River 
in  the  Southwestern  part  of  Whitley  County.  The  plant  is  located  in  Sec.  7, 
R.  8  E.,  T.  30  N.  It  is  situated  at  the  end  of  the  dam.  The  dam  is  6.5 
feet  in  height.  It  is  built  of  eonerete  throughout.  The  head  at  the  plant  is 

f<'Pt.  Three  American  wheels  are  in  use,  pi*oducinp  a  power  of  90  h.  p. 
The  power  is  used  for  grinding  flour  and  feed.  The  plant  is  owned  and 
operated  by  Mr.  H.  L.  Hauptmeyer  under  the  name  of  the  Collimer  Milling 
Company. 

Mexico. — The  power  plant  at  Mexico  is  discussed  on  page  497  of  the  pre< 
viottsly  mentioned  report.  Sinee  the  report  of  1911  a  woolen  mill  has  been 
located  on  the  west  end  of  the  dam  at  this  point  and  is  employing  about  160 

h.  p.  of  the  water  power. 

Dennis  Uhl  &  Co. — The  flour  mill  of  Dennis  Uhl  &.  Co.  is  discussed  on 
page  500  of  the  previously  mentioned  repwt.  Since  the  rqiort  of  1911  this 
mill  has  burned  and  has  not  been  rebuilt. 

Tippecanoe  River, 

The  Tippecanoe  River  rises  amonp  the  lakes  of  Noble,  Whitley  and 
Kosciusko  counties.  It  is  a  very  crooked  stream  and  flows  in  a  general  west- 
ward direction  to  the  northeastern  comer  of  Pulasld  Conn^  and  thm  in  a 
f:(>nr-r:il  southward  direction  to  its  month  in  Tippecanoe  County.  It  is  about 

ItiU  miletj  in  length. 
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The  valley  contains  much  swamp  land  in  its  upper  parbt,  but  below  De> 
LonM'  little  swamp  land  occurs.  The  valley  is  narrow  and  the  bluffs  low  in 
the  middle  course.  The  level  upland  at  OoLonp  is  about  .10  feet  above  the 
river,  at  Monterey  16  feet,  at  Ora  23  feet,  and  at  Winamac  32  feet.  At 
Montkdlo  tbe  blulh  are  <!7  feet  high,  and  at  Oahdak  100  feet  TMa  is 
approximately  the  maximum  depth  of  the  valley.  Thr  upjxM-  anfl  middle 
eourses  of  the  valley  lie  entirely  in  glacial  drift.  It  first  touches  bed  rock 
at  Norway,  three  miles  above  Monticello.  In  this  part  of  its  eourse  the 
stream  croi^se.s  the  Cincinnati  anticline,  whose  surface  formation  in  tbi-  local- 
ity is  the  hard  Niagara  limestone.  After  touching  bed  rock  at  Norway,  it 
is  near  <ha  rock  liuoagfaout  the  mt  of  its  oowse  and  xoek  exposarea  are 
frequent.  The  hanics  bdow  Norway  are  usually  hi^  and  tliere  is  little 
overflow. 

The  basin  of  Tippecanoe  River  embraces  almost  all  of  White,  Pulaski 
and  Fulton  counties,  half  of  Koedusko,  and  small  portions  of  several  other 
countie.s.  The  ontiic  drainajro  area  is  about  1,!)00  square  miles.  It  is  over- 
laid entirely  with  glacial  drift  and  many  small  glacial  lakes  occur  in  the 
noartiiem  and  eastern  parts  of  the  basin.  Then  are  no  large  tributaries, 
but  most  of  the  tributaries  drain  either  lalcea  or  swamps  and  for  this  reason 
have  a  more  or  less  continuous  discharge. 

The  mean  annual  rainfall  above  the  ?ape  at  Springboro  on  fhe  Tippe- 
canoe River,  as  shown  by  the  station  records  from  this  section  for  eighteen 
years  (1898-1915,  inclusive),  is  37.15  inches.  The  following  tables  which 
an  eomputad  entirely  from  t^rovemment  reports  show  the  average  depth  of 
montUy  rainfall  and  the  cubic  feet  per  acre  rainfall  foi  the  basin  of  the 
Tippecanoe  River  for  the  eighteen  years  above  mentioned.  These  averafjes 
are  taken  from  six  U.  S.  Weather  Bureau  recording  stations.  The  following 
is  a  list  of  the  staftloiM  used:  Culver,  Hontiedlo,  Rochester,  Warsaw,  Wina- 
mac and  Winona. 


Table  Shf)w{n{/  Arrragi  Dipth  of  Monthly  Rainfnll  in  Inclus,  nnd  in  Cubic 
Feet  per  Acre,  for  (hr  Tippecanoe  Hiver  BoHin  Above  the  Gage 
at  Springboro,  Indiana,  1898'1915,  Inebtsht. 
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1  Dae.,  .. 

A  gage  was  maintained  by  the  United  States  Geological  Survey  at  Sprtng- 
boro,  five  miles  west  of  Delphi,  during  paru  of  tiie  yean  1903-06,  inetnsive. 

The  data  from  this  eraffin?  station  give  a  good  idea  of  the  discharge  of  the 
stream.  The  followini?  data  are  taken  directly  from  the  U.  S.  G.  S.  Water 
Supply  and  Irrigation  papers: 

Tippeeanot  J{tver  at  Springboro^^ThiB  station  was  establidied  March 
14, 1908,  by  George  E.  Wacsdie.  The  staticm  is  located  at  the  hii^way  bridge 
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afe  Springbors,  Ind.  The  nearest  railroad  station  is  Delphi,  five  milc»  east 
of  SprinRboro.  The  standard  chain  ^af^  is  located  on  the  second  span  from 
the  east  bank,  one  panel  length  beyond  the  center  of  the  span.  The  length 
of  the  chain  fran  the  end  of  the  weiicht  to  the  marker  ia  26.66  feet  The 
pajre  is  read  once  eacli  day  by  Lois  Inilcr.  Discharjre  measurements  are  made 
from  the  downstream  side  of  the  bridge  to  which  the  gajfe  is  attached.  The 
inHfad  point  fer  aomidinge  ia  the  face  of  the  east  abutment.  The  channel  is 
straight  for  about  1,600  feet  above  and  about  2,000  feet  below  the  station. 
Its  width  at  ordinary  stages  is  350  feet,  broken  by  two  piers,  and  at  high 
water  ia  510  ftet,  broken  by  three  |rfen.  Both  banks  are  high  and  can  not 
overflow  to  any  considerable  extent.  The  bed  of  the  stream  is  rocky  and 
roo^;  the  current  is  swift.  The  bench  mark  is  the  head  of  an  anchor  bolt 
in  tiie  east  abutment;  it  ie  the  ontaide  anchor  of  the  downstream  trvas.  Its 
elevation  above  the  zero  of  the  jrujce  i.-^  22.2.S  feet. 

The  observations  at  this  station  during  Ii>03  have  been  made  under  the 
direction  of  E.  Johnson,  Jr.,  district  hydrographer. 

Discharge  SUmauremsntn  of  TippeeoMo*  River  at  Sprtngboro,  Indiana,  in  190S. 


IJiaaha«ge. 

4.TS 

S.flO 

S.S7 

an 

».(• 

m 

S.Ti 

SM 

S.W 

705 

%M 

m 

4.W 

 jie,.... 

HKrM.  

Jon*  22 

July  17 

Aucual  U  . 
SapUmber  30 
Novunbor  1 1 . 
DoegaiiwrM. 


G  R  Wacache  . 
O.  K.  WmwIw 
U.  K.  WamK-he 
E.  C.  Murphv  .. 
E.  Johnson,  Jr  . 
L.  U,  SliM-kmiui. 
I,,  it.  Sun-knuui. 
E.  Johiit»,Jr... 


•Partly  IroMo. 

Jfeon  Daily  Gag*  Height,  in  Feet,  of  Tippeeamoe  Riv»r  at  Sprhtghortf,  Indiana, 

f»r  190S. 
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Rating  TtMe  for  Tipp9ceaiO€  JMv«r  at  Sprinko^f^ro,  Indkauh  from  Ifoivft.  H  to 

December  Si,  190S. 
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8.7 

SSI 

4  0 

I.M7 

s.s 

4.230 

7 

7.6.vn 

IB 

611 

4  1 

2.161 

S  4 

4.410 

7.4 

s.nii) 

2  9 

tm 

4  2 

3.330 

.5  .5 

4.500 

7.6 

8,370 

3  0 

Tin 

4  3 

2,4M 

.1  i> 

4,770 

7  » 

H.730 

a.i 

4.4 

2,IM0 

6.7 

4.000 

8.0 

9,000 

t.% 

040 

4.S 

2.100 

ft.« 

5.190 

S.5 

9.000 

I.S 

l.Ott 

4  6 

3.000 

S.t 

5.310 

0.0 

10.800 

3  4 

1.154 

4  7 

3,  ITtl 

6  0 

5.490 

9  5 

11. 7W 

3  5 

1.273 

4  K 

3.34i 

6  2 

5.8S0 

UM» 

12.690 

3.6 

1.400 

4.0 

3.S20 

1 

6.210 

10.6 

13.500 

1.7 

1,C» 

•.0 

a.  005 

M 

6.570 

11.0 

«.« 

i,m 

i.t 

S,S70 

•.t 

6.030 

«.9 

i.aao 

s.s 

4.080 

1  T.O 

7.100 

Diadutrgo  MeaauremmU*  of  Tippecanoe  River  near  Ddphit  Indiana,  in  190k. 


Dun 


January  23  

March  2'  

Mairh28 
May  2  , 
Junu  IH 

July  23  

Aticuiit  22  .  . 
Svpic'iiboT  13 
October  22  .. 
November  6 

•too  inm . 


K.  W.  ilanim  

V  W  Hunn.'. 
F   \V  Il:>.-in:. 

Hiuinit  and  Julinnun 

F.  W.  Hanns.  

Ilaona  and 
F.  W.  Hanna 
F.  W.  Hnnnn 
F.  W.  Hmuw 
P.W, 


Width. 
Ft. 

Ann  of 

MCOB 

Cue 

I>i»- 

Section, 
Hq.  Ft. 

Volocity, 
Ft  per  Sec 

H«icht, 
Feet 

etuirfo. 

.Sw  -Ft. 

44S 

2.404 

4  10 

8  4.H 

4(i« 

3.1WI 

2  55 

13  (HI 

umho 

449 

2,  .<>liiO 

4  7;* 

N  m 

12,240 

343 

917 

4.(H 

4  U5 

3,708 

2!a 

32« 

2.13 

2.98 

694 

23S 

292 

1  83 

2  02 

534 

VA 

3711 

2  3.S 

3  20 

8S2 

241 

27H 

1  0.' 

2  85 

451 

249 

273 

1.77 

2.00 

4K4 

340 

3W 

1.40 

3.80 

•N 

Mean  Dailg  Gage  Height,  in  Feel,  of  Tippecanoe  River  near  Delphi,  Indiana, 

far  190i. 


Dm 


1. 

3. 

3. 

«. 

S. 

0. 

T. 

S. 

t. 
M. 
11. 
13. 

a. 

H. 

li. 

M. 

17. 

U. 

». 

3D. 

31. 

33. 

83 

84 

IS. 

3t. 

37. 

38 

30 

30 

31. 


Jan. 


Feb.' 


4.10 


3  80 


3.85 


4  75 

II  (» 
11  25 
10.95 


15.00 


7  24 


8.25 


7.86 


8.20 


8  30 
IS  2U 


Mar  • 

Apt 

May 

June 

July 

Alls 

Oct. 

Nov 

Dm?.* 

14  60 

9  55 

«  59 

4.25 

3  49 

2, .15 

2  93 

3  10 

2 

83 

2  83 

13  44 

9  43 

5.07 

4  21 

3  37 

2  82 

2  9) 

3.07 

2 

82 

2  82 

13  21 

H  49 

4.80 

3  87 

3  21 

2  80 

3.87 

3  05 

2 

M 

2.80 

12  91 

H  34 

5.60 

3  74 

3  (W 

2  Nl 

3.81 

a.oo 

3 

84 

3.80 

12  37 

8  21 

5  12 

3  C5 

3  17 

2  81 

2,84 

2  OS 

8 

85 

3.01 

12  35 

8  (KS 

4  96 

3.61 

3  22 

2  77 

2  M 

2  91 

2 

8.5 

2  96 

13,80 

7.95 

4  72 

3  40 

3  75 

2  75 

2,83 

2  90 

2 

84 

2  !t7 

13  20 

8  20 

4  57 

3.45 

4.03 

3  73 

2.83 

2.93 

3 

80 

3. 08 

12  47 

8.75 

4  35 

3  49 

4.40 

3.73 

3.84 

3.00 

3 

8S 

3.00 

7  05 

8.15 

4  06 

3  52 

4  37 

3.73 

3.85 

3.07 

2 

87 

3.08 

7  00 

7  75 

4.00 

3  43 

4  36 

2  71 

2  85 

3  W 

2 

8« 

3  00 

»  95 

7  tm 

3  93 

3  18 

4  20 

2  69 

2  S4 

3  (10 

2 

85 

2  99 

6.9] 

5.53 

3.84 

3.17 

4.17 

3.74 

2.81 

3.00 

2 

86 

3.08 

7.00 

4.18 

3.80 

3.13 

3.03 

3.73 

a.oo 

3.S8 

2 

84 

6.87 

5.03 

3  01 

a. 13 

3.00 

s.n 

3.08 

3  07 

2 

87 

6.77 

5  17 

3  89 

3  12 

3.71 

2  71 

3  01 

3  03 

2 

N9 

7.00 

5  17 

3  85 

3  .54 

3  .55 

2.78 

3  (W 

3  110 

2 

88 

3.M 

7.20 

5  14 

4.01 

3.27 

3  47 

2. 80 

3,21 

2  97 

2 

S6 

7.23 

5.13 

3.S0 

3.20 

3.38 

3.81 

a  10 

2  115 

2 

8« 

7.10 

5  00 

3.03 

3.16 

3.30 

2.90 

3  «I5 

2.92 

'« 

85 

7  IS 

4  9H 

3  90 

3.10 

3  21 

3  05 

3W 

2  90 

2 

83 

7  77 

4  91 

3  81 

3.09 

3  (M 

3  35 

2  9H 

3  98 

3 

8U 

8.10 

4.67 

3.7D 

3  07 

2,«5 

3  42 

■i  97 

2  95 

•1 

85 

3  08 

S.51 

4.47 

a.64 

3.06 

2.91 

3  41 

2  ttt 

2  IM 

3  (19 

802 

4.01 

3  73 

3  no 

2.90 

3  35 

2  <0 

2  97 

3  12 

11.20 

S.80 

3  72 

2  0« 

3  90 

3  28 

3  10 

2  9i5 

9.41 

7  03 

3  71 

3  00 

3.99 

3  18 

3  15 

2  92 

7.91 

6.70 

3  70 

3  83 

2,»8 

2  IW 

3  23 

2  SI 

7.02 

»  35 

3  flU 

3.71 

2  93 

3.00 

3  20 

2  .85 

2 

84 

6  76 

6.10 

3  74 

3.79 

3.91 

2.9(3 

3.10 

2.85 

3 

83 

a.os 

S  (Kl 

4  3U 

3.M 

3.00 

•FVoMBJaMuryl  to  March  9aad  OMOBilMr  14  to  31. 
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Raibtg  TaAU  for  HffqMeaiioe  River  near  Delphif  InditmOt  frvm  Jamary  1  to 

December  31,  190i. 


Gace 

Fed 

1  h«-harice, 
Sdc.-Ft. 

Ga«e 
llcixbt, 
Fwt 

-Kt. 

1  <!w 
l>ct 

Diwliiirnp. 
!<w  -Ft. 

llciKtil, 
I'oet 

Disrharge, 

.S«;  -Ft. 

1.7 

m 

1.8 

1,770 

4  9 

3.640 

7  0 

8.110 

1.4 

no 

3  9 

1,1)911 

5  0 

3.  MO 

7.5 

9,220 

9.9 

SIO 

4  0 

2,1)90 

5  2 

•l,23r> 

8.0 

10,370 

1.0 

no 

4.1 

3.25in 

5.4 

4.IU0 

8.5 

11,520 

I.I 

m 

4.8 

2,410 

8.1 

8,070 

t.l 

11.111 

IS 

no 

4.1 

2,581) 

5.8 

8.480 

I.I 

ti.Rn 

3  3 

i.osn 

4.4 

2,7M 

6  0 

.V910 

10.0 

14, 970 

3.4 

1.170 

4  5 

3,020 

6  2 

6.350 

10.5 

16. 120 

3.6 

1,32U 

4.6 

3.090 

6  4 

A.  790 

11.0 

17,270 

I.I 

1.470 

4.7 

3.270 

e.a 

7.210 

12  0 

10.170 

1.7 

I.UO 

4.8 

3.4W 

8.8 

7,870 

13.0 

21.170 

The  l^¥e  table  is  applicuhk'!  only  for  u|m>ii-cIi.<ii)iu-I  roiiditiima.  It  is  based  upoo 
diwhargp  menfliirrniontH  made  durintj  \'MY.i  :iiid  1!K)4.  It  is  wt'll  «lpfiMcd  hftwcon  {Age 
heights  2.8  feet  utid  8.8  feet.  The  table  has  been  extended  beyond  these  limits. 
Above  gage  height  7.4  feet  the  rating  eurve  is  a  tangent,  the  differenoe  being  230 
per  tenth. 


Dtaehargo  MotuwremenU  of  Tippocamoe  River  near  Delphi,  Indiima,  in  1905. 


Dais 

Ft. 

McM 
V«loeity. 
Pt.  per  DSD. 

Uace 
Ua«lit, 
Fwt 

Dia- 

rhanto. 
.Soc.-Ft. 

March  21  

Jtiy  U  

ABfu»t24  

H.  K.  CliMjp  

S.  K.  Clapp   

319 
32S 
2M 
272 
2.58 
251 

713 
6S2 
672 
617 
294 
370 

3.9 
3  23 
3  06 
3  44 
1  HV 
1.7« 

4  25 

4  29 

4  ;«o 

4  10 

2  »8 
2.98 

2.782 

2,2f« 
2,4.» 
2. 120 
558 
486 

Daily  Gage  Heights,  in  Feet,  of  Tipjn'cunoc  Hifcr  near  Delphi,  Indiana.,  for 

1905. 


D*T 

Jan. 

Feb. 

I'^V/.'.'.'.'.'.'... 

3.04 

3.m 

3.09 

3.(W 

3.ua 

3.03 

3.0 

3.0 

3.06 

8'  

3.1 

u  

3.0 

u  

3.i2 

».  

3.1 

3.03 

Mar. 

Apr. 

May 

June 

July 

Aug 

•Sept. 

Oct. 

Nov. 

DCQ. 

7.8 

4.1 

7 

» 

4 

4 

3 

4 

3 

35 

3  9 

3.02 

3 

25 

4  4 

0.0 

4.0 

7 

4 

'» 

3 

x% 

3 

3 

3  5 

3  09 

3 

25 

4  4 

•  1 

3  05 

7 

8 

4 

0 

3 

3 

3 

3 

3  6 

3  08 

3 

2 

4  25 

5  9 

3  7 

7 

6 

3 

!>.> 

3 

2.'> 

2 

25 

3  75 

3  m 

3 

2 

4  2 

5  7 

3  65 

7 

4 

3 

» 

3 

15 

3 

IS 

3  7 

3.02 

3 

15 

4.0 

5  « 

3  6 

7 

3 

3 

85 

3 

15 

3 

06 

3.55 

3.0 

3 

8 

3.8S 

ft  5 

3  5 

7 

2 

3 

75 

3 

25 

3 

0 

848 

8.M 

4 

1 

3  8 

5  4 

3  .M 

G 

H 

3 

75 

3 

25 

3 

f) 

3  35 

2.08 

4 

0 

3  7 

5  I 

3  ,V> 

6 

K 

3 

y 

3 

2 

■) 

!JH 

■A  15 

2.87 

3 

95 

3  65 

4  7 

3  .V) 

6 

.S 

4 

II 

3 

3 

2 

9K 

3  1 

3.M 

3 

95 

3  55 

4  1 

3  5 

5 

s 

4 

5 

3 

7 

2 

97 

3  119 

2  96 

3 

9 

3  5 

4.1 

3  5 

10 

1 

4 

3 

4 

3 

90 

3  116 

2  95 

3 

9 

3  45 

4.05 

3  7 

9 

4 

4 

4 

4 

1 

3 

0 

3  1 

2  94 

3 

8 

3  45 

4  <i5 

3  » 

10 

2 

4 

4 

4 

0 

3 

09 

3  3 

2.93 

3 

7 

3  M 

4  2 

3  K5 

10 

0 

4 

4 

3 

9 

3 

2 

3  25 

2.91 

3 

6 

3  6 

4  2 

3  85 

9 

8 

4 

3 

3 

7 

3 

45 

3  15 

2  9 

3 

5 

3.8 

4  2 

3  H 

M 

9 

5 

0 

3 

6 

3 

3 

3  15 

2  9 

3 

35 

3  41 

4  2 

3  75 

7 

n 

li 

3 

45 

3 

15 

3  15 

3  15 

3 

.Xi 

3  4 

4  1 

5  2 

li 

5 

5 

0 

3 

15 

3 

15 

3.1 

4  4 

3 

3 

3  4 

4.1 

7.0 

4.8 

4 

3 

3 

X'. 

3 

45 

3  1 

4  4 

3 

3 

3 

4.05 

6.1 

4.8 

4 

2 

3 

25 

3 

4 

3  09 

4  3 

3 

3 

3.3 

4.1 

8.0 

4.7 

4.1 

3 

2 

3 

35 

3.08 

4.1 

3 

3 

3  4 

4.1 

1.0 

4.7 

4.88 

1.1 

3. 

3 

1.1 

4.0 

1.38 

4.1 

4.1 

•M 

4.1 

I.II 

I.U 

I.II 

1.1 

I.W 

1.18 

4.IS 
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Department  of  Conservation 


DaUif  Qage  HeighUt  im  Feet,  of  TippeeoMioe  River  nttur  JhJfM,  Inikam,  for 

1905 — Continued. 


DAT 

Jm. 

Feb. 

Mar. 

Apr. 

May 

July 

Aug 

Sept. 

Oct 

Nov 

25  

3  15 

4  2 
4  2 
4  2 
4  1 
4  1 
4.2 
4.1 

5  8 
5  5 
5  4 

7  N 

8  0 
7.9 

4  8 
4  4 
4  4 
4  4 

4  5 
4  5 
4  7 

3  7 
3  8 
3  85 
3  7 
3  5 
3  45 

3.1 
3.07 
3  OS 

3  03 
3  35 
3  55 
3  4 

3  2.5 
3  2 
3  15 
3  08 
3  01 
2  95 
2  9K 

3  '« 
3  m 
3  06 
3  05 
3  01 
3  03 

3  W 
3  « 
3  6 
S.3S 
3.3 
3  3 
3  23 

3  2 
3.15 
3.1 
3.1 
4.3 

4  4 

4  2 
3  9 
3.0 

3.as 

IM 

1.9 

S.9S 

IS  

»  

a  

S.1 

n  

i  Wt 

ai  

NOTK— Thrrp  wcrr  irv  ron<iitinni>  ilurioK  January  and  February.  From  January  9  to  Fi<bniary  II  th 
river  wan  froieo  over  eictvt  for  a  narrtiw  channvl  Bear  tbe  went  bank.  February  12-28  riv<T  (nwra  entirely 
BCTOBB  GiiKo  liriEhts  arr  to  Miirfac4<  o(  uiitcr  in  linic  in  ice  The  followinjc  pomp«n»ti\f  riwIiniSK  were  also 
madr: 


Datb 

Water  Surface, 

Tap  o(  lev, 

Thickaena 
c(leo,Ft. 

tmun  M  

a.o 
i.tt 

3.1 
S.OI 
3.1 
•  IS 
3.15 

a.« 

3.n 

3  13 

3;i2 
3.12 
3.10 

•J 

.SS 

.5 
.5 
1.0 
f.« 
1,9 

StctioH  Rating  Table  for  Tifpeeenoe  River  near  Delpkit  InHanat  from  JamMMry 

1,  190i,  to  December  31,  1905. 


<;iiK<' 

Hcitbi, 
FwC 

Diacharie, 
8w.-Ft. 

Uaxe 
U«isht, 
FeM 

DiacharKc. 
tiw.-Ft. 

1 

(iu«c 
Heicht, 
FMt 

DiaiiliMfle. 

(iaco 
U«wbt. 

Feet 

DiactiMl*, 
8M.-FI. 

2  70 

2)*t 

4  20 

2.410 

5  7n 

5.280 

8  40 

II.3R0 

2  m 

.390 

4  :«» 

2,.'»'«« 

1       5  M) 

5.49<) 

8  60 

11.710 

2  90 

510 

4  40 

2.750 

5  90 

5.700 

8  80 

12.210 

3  ID) 

630 

4  50 

2.  KM 

6  00 

.5.910 

•  00 

12.670 

3  10 

7fiO 

4.60 

3,0110 

6  20 

6.3.W 

9  JO 

n,  130 

3  20 

M90 

4  70 

J.JTO 

8  40 

6.790 

1»  40 

I.L.'iflO 

3  *) 

1 .  (m 

4  80 

3.1.VI 

fi  «0 

T.23fl 

»  Ml 

14.050 

3  4<1 

1. 170 

4  90 

(i  MO 

7.871) 

9  W) 

14.510 

3  SO 

1 . 320 

5  00 

3.  MO 

1       7  00 

«.IIO 

10  (HI 

14.970 

3  60 

1.470 

5  10 

4.030 

7.30 

10  50 

16.120 

3  70 

1,S20 

5  20 

4.230 

7  40 

.H.tao 

It  00 

17.270 

3  M) 

1.770 

5  30 

4  440 

'      7  «0 

»,  450 

II  SO 

18.420 

3  90 

1.9.30 

5  40 

1  ihi" 

7  W> 

O.tIO 

12  (10 

19,570 

4.00 

2,090 

5.50 

4,f««0 

1       8  00 

10,170  1 

12.50 

20.720 

4.10 

3.180 

S.M 

«.o»  1 

O.JD 

w,ao  1 

M.OO 

n.aiD 

EltM-im.  UbMrtvanr 
Discharge  MeatKremtHta  for  T^niOi 


Rivar  at  IMplu,  hidkmot  in  1906, 


Wydwwphof 

Width. 

Wm 

Ana  of 
SvcuOOv 

Sq.  Ft. 

Can 
Fact 

P«Ainiary  10*  

brauwa  and  KriqcBman  . 

272 
3.35 
325 
257 

533 
790 
779 
361 

3  M 

4  74 
4  62 
3.37 

.._L 

1.450 
3.320 
3.000 
MS 
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DaUif  Qag*  H€iffkl,  i»  Ftt,  d/  Ttpptetmot  River  near  Delpki^  Indkma,  for 

1»0§. 


Day 

Kt 

b 

.Mar. 

Apr. 

Muy 

June 

July 

1 

3  75 

5 

.i; 

47 

;i 

4<) 

■]  u 

• 

3  73 

i 

5 

3 

4.'i 

3  03 

%  

3  7 

4 

2 

5  31 

4 

S7 

3 

57 

3  U 

3  0 

4  

3  72 

1 

16 

S  27 

4 

as 

3 

61 

2.M 

2  99 

K 

nd 

K  91 

9  £l 

4 

37 

3 

44 

A 

<>2 

4 

4 

6 

3 

43 

3  04 

t 

3  «y 

4  Wt 

4 

5 

3 

4 

3.0 

■ 

3  «« 

3 

»3 

4  H't 

4 

42 

3 

33 

2  M 

•  • 

* .  w 

t  

3  61 

3 

!) 

4  M 

5 

7 

3 

27 

3  1 

2  88 

3  5N 

3 

S7 

4 

5 

27 

3 

35 

3.08 

2  8S 

II 

•1 

3 

M 

4 

5 

06 

3 

31 

J.  1  1 

It  

3  S3 

3 

81 

4  78 

4 

8S 

3 

l» 

3  32 

2  H7 

»  

a.47 

3 

78 

4  r2 

4 

56 

3 

32 

S.2» 

2.9 

a.4S 

3 

76 

4  6K 

4 

63 

3 

» 

a.17 

S.U 

>  17 

3 

6K 

4  06 

5 

17 

3 

le 

3  IS 

S8S 

3  ftl 

3 

IH 

4  59 

4 

S5 

3 

IS 

3  t 

2  9N 

IT  

3  4.H 

3 

61 

4  37 

4 

N 

3 

14 

3  114 

2  87 

3  M 

3 

66 

4  19 

4 

67 

3 

11 

3.U 

2  9 

1.43 

3 

54 

3  IN 

4 

43 

3 

W 

3.M 

3.M 

4.73 

3 

a 

3  88 

4 

37 

3 

08 

3  0 

3.81 

ai  

S  K 

3 

57 

3  75 

4 

19 

3 

ns 

2  95 

6  12 

3 

52 

3  73 

4 

0 

3 

(13 

2  96 

S  .W 

3 

:) 

4!* 

3  7 

3 

«fi 

3 

1 

2  »4 

6  :n) 

i:> 

3 

3 

Ul 

3 

15 

2  »3 

»  

6  3 

4 

4 

3  7S 

3 

84 

3 

13 

2  »3 

6  15 

4 

33 

4  12 

3 

76 

3 

II 

1  St 

6  1 

4 

3K 

«  IS 

3 

65 

3 

07 

■2  s7 

6  0 

5  85 
S  57 
5.2$ 

4 

21 

6  II 
5  M 
5  86 
5  71 

3 
3 
3 

6 

57 

53 

3 
3 
3 
3 

05 
03 
1 

15 

2  W 

2  05 

3  (12 

at  

»  

31  

N0TB~riMraligbayat«M«dlqriMaanHtiaHFaliiiiH7Sto  M. 


Aifta^  TM9  for  Ti^pwamM  River  near  DelpJbt,  Indimna,  for  1904  to  009, 


Bright. 
Fact 

FMt 

Cam 

Fwt 

niaoliAm.. 
8ac.-Fl. 

Uaxe 
Fwt 

3.90 

aao 

3  70 

1.820 

4  60 

3.000 

5  30 

4.M0 

S.W 

M 

3.80 

1.770 

4  70 

3.370 

5.00 

5.070 

a.oo 

ISO 

3  90 

1,930 

4  M) 

3.450 

5  70 

5,280 

760 

4  m 

2.il<Jil 

4  Wl 

3.640 

5  80 

.V490 

s.aD 

890 

4  10 

2. Ml 

5  l«l 

3.830 

5.90 

5.700 

a.ao 

1.030 

4.20 

2,410 

5  lU 

4.030 

e.uo 

5.910 

3.40 

1.170 

4  30 

2, 580 

5  20 

4.330 

6  20 

a.  350 

S.W 

1,330 

4.40 

2.750 

J  30 

4.4(0 

6.40 

0.7W 

3.M 

1,470 

4  50 

2.920 

5  40 

1 

4.650 

NOTE— The  abo vr  tMtt  u  applicikble  only  fur  op«n-oluHMMl  oonditioM.  It  i*  ImmcI  am  SB  cibehai|» 
BiHteiBMledMriwimioiaW.  It»w»Ud«to«l. 


Hoff  Pernio— This  .station  was  established  by  the  writer  uii  Fibruury  12, 
1916.  The  gage  is  of  the  chain  and  weifcht  type  and  is  located  on  the  up- 
■tream  truss  rods  of  the  first  span  from  the  east  end  of  the  Ho^  Point  bridge, 
Sec.  9.  R.  3  W..  T.  24  N.  The  zero  of  the  gage  is  17.62  feet  below  the  top 
surface  of  the  northwe.st  corner  of  the  ca.st  abutment.  The  najre  is  read  daily 
by  Faul  Booth.   The  foUowini;  data  have  been  collected  from  this  station. 
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Dtteharge  HwmLrmmewU  at  ITo^  Point  Bridge  dtmmg  1919. 


Datb 


Gagv  HeiBht, 
Feat 

Uitctuirge, 
8M..Ft. 

w. 

M 

7  6 

10,902 

w. 

M 

7,7 

11,  W7 

w 

}kf 

.IS 

w. 

M 

10.7 

20.702 

w. 

M 

S.l 

i.aoT 

w. 

M 

3.3 

2.073 

w 

M 

3  0 

im 

w. 

M. 

19 

MM 

w. 

M. 

1.9 

2M 

FMiruary  U.. 

Fffbruary  13. , 

.Mi.y  11   

May  M  

July  2«  

Aoxuat  19  

8«ptt-inlH>r  S 
Sveember  (! 
Biptomber  25 


DaUy  Gage  Heighta  on  r^fweoNM  Rwer  at  Hog  Pomtt  near  Battle  Grmmd, 

Indiana,  for  1916. 


Frb. 

Mar. 

Apr. 

May 

Jam: 

July 

Aug. 

3.1 

5  4 

3.5 

5  5 

4.5 

3.1 

3.1 

1.  

3.t 

S  S 

3.6 

5.7 

4  5 

3.1 

2.8 

1  

S.I 

5.2 

3  6 

6  2 

4  5 

3.1 

2.8 

3.S 

4.8 

3  6 

5  7 

4  4 

3.1 

2  3 

3.4 

4.6 

3  6 

5.5 

4  3 

3  1 

2  0 

«  

3.3 

4.3 

3.6 

5.2 

4.3 

3.2 

2.0 

7  

3.2 

4.1 

3.6 

S.3 

4.3 

3.3 

1.9 

8  

3  2 

4.0 

3  6 

8.4 

4.2 

3.1 

19 

3  1 

3  7 

4.8 

5.4 

4.3 

3  1 

1  9 

3.1 

3.6 

3  9 

5,6 

4.0 

3  1 

10 

• 

3  1 

3  5 

3  8 

5  5 

3  6 

3  1 

IV 

7  6 

3.1 

3  4 

3  7 

.V5 

3  4 

3  2 

1.9 

7.7 

3  1 

3  5 

6  4 

5  4 

3  3 

3  1 

19 

7  7 

3  1 

3  5 

10  6 

5  3 

.i  I 

.)  1 

to 

7  4 

3  1 

3  5 

11  4 

5  3 

:»  1 

.'i  1 

19 

7  I 

3  1 

3  4 

11  0 

!•  4 

.1  2 

.1  1 

1.9 

17  

7  :i 

3  0 

3  3 

10  II 

>>  4 

3  2 

3  1 

19 

6  5 

3  0 

3  2 

8  5 

6  5 

3.1 

3  2 

19 

6.8 

3.0 

3.1 

9.4 

6.0 

3.1 

3  3 

1.9 

6.2 

3.0 

3  2 

8  6 

5  9 

3  1 

3  1 

19 

5  9 

2  9 

3  2 

7.1 

5  7 

3  2 

3  1 

1  9 

5  6 

3  0 

3  2 

8  7 

5  4 

3  I 

1  I 

19 

5  4 

6.3 

3.2 

6.3 

5.2 

3.U 

3  1 

1.9 

5  1 

6.3 

3.3 

3.0 

5.1 

3.1 

3.1 

1.9 

<t  6 

«3 

3.3 

3  6 

4  7 

3  3 

8.1 

1.0 

i  0 

5  8 

3.2 

5  2 

4  6 

3  1 

3.1 

1.0 

3  6 

6  2 

4  4 

5  1 

4  b 

3  I 

3  1 

1.0 

»  

3.4 

7.3 

4  2 

5  1 

4  6 

3.1 

3.3 

2.0 

3.3 

».S 

4.0 

5.2 

4  6 

S.I 

3.3 

3.S 

30  

8.3 

3.7 

5.1 

4.6 

3.1 

3.4 

3.3 

S.» 

3.0 

8.1 

3  2 

t 

•Gage  inslullod  Kcbruary  12. 
tNo  reoord  dwinf  rest  of  yw. 
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Batb^  Tath  for  Ttppeetmot  Bher  at  Hog  Point  BrUgo  /or  1919. 


G«|e  Ueicht. 

Viat 

DiaolwrcB, 

Ga|»  HMcht, 

Dkacluirite, 

Vmtk 

Diaeluuie, 

flM^Ft. 

19 

m 

l.% 

2,  sou 

S  3 

0.110 

2  0 

414 

S.7 

2.87V 

5.4 

0.340 

2  1 

SM 

S.B 

3,060 

5.0 

•.an 

2  2 

641 

3.9 

3.390 

0.«M 

2  3 

7.V> 

4.0 

3.410 

5.7 

7,nflo 

2  4 

4.1 

3.600 

5.8 

7.:m 

2  5 

I.IJIXI 

4.3 

3.790 

5.0 

7.&S0 

2  6 

1.125 

4.3 

3.ggo 

e.o 

7.800 

2.7 

l.2«) 

4.4 

4.100 

OS 

9.100 

2  H 

I.3.SU 

4.S 

4.390 

7.0 

10,4.% 

2  « 

1.510 

4.4 

4,.t90 

7.5 

11,750 

3  0 

4.7 

4.801) 

8.0 

13,125 

3.1 

i.rwi 

4.8 

5,010 

8.5 

14,900 

3  2 

I.MIJ 

4.9 

5.220 

9  0 

IS. 900 

3  3 

2.100 

SO 

5.440 

B  5 

17.300 

3.4 

2.260 

5.1 

5,600 

10.0 

18. 700 

3.5 

3,4M 

*.3 

f.8M 

10.5 

30,100 

11.0 

31,800 

TUaUbtebappficAbk  only  tor  opcB-efaMUMtoaadiUoM. 


From  the  preceding  data  the  minimam  discharge  is  found  to  be  269 
aeeond-feet,  and  to  have  occurred  on  Au{fu.st  12,  1904.  The  lowest  in  1903 
was  600  second-feet  on  July  1;  in  r.tO."i,  .510  second-feet  on  October  ir>  and 
17;  and  in  19U6,  400  second-feet  on  July  14.  This  data  leads  to  the  conclu- 
sion that  •  disdiarge  of  about  800  seeond-feet  eould  be  taken  as  a  safe 
ninimum. 

Tlie  United  States  Weather  Bureau  shows  the  slightest  rainfall  for  the 
time  during  which  this  gage  reeord  was  Icept  to  have  been  in  November,  1904, 
vdien  the  mean  monthly  precipitation  for  northern  InHiuna  wns  but  .28  inch. 
Daring  this  month,  however,  the  discharge  at  Springboro  did  not  fall  bdow 
890  seeond-feet.  The  mean  monthly  rainfall  for  July,  1904,  was  8.  46  inches 
in  northern  Indiana,  and  in  AuR-ust  was  S.17  inches,  which  is  a  normal  rain- 
fall in  each  cose.  A  problem  presents  itself  as  to  the  reason  for  the  dis- 
charge being  so  low  on  August  12  and  remaining  so  high  throughout  No- 
vember. The  answer  i.s  unknown  and  cannot  be  derived  from  the  data.  The 
natural  storage  produced  by  the  lakes  would  laep  the  discharge  up  during 
drought,  but  why  the  discharge  should  fall  so  low  in  August,  when  30  per 
cent  of  the  precipitation  in  the  Tippecanoe  basin  \.°ould  have  given  a  continu- 
ous di.schurKe  of  over  1,200  st-cond-fe<>t;  while  the  maximum  discharge,  which 
was  on  the  23d,  was  only  1,200  second-feel,  according  to  the  guge  readings, 
is  a  point  which  cannot  be  accounted  for  eccept  by  the  eonclusion  that  the 
data  in  one  or  the  other  ease  is  incorrect.  It  .seems  very  probable  that  the 
guge  readings  are  low,  because  the  rainfall  data  are  collected  from  twenty- 
one  stations  and  the  error  at  any  one  station  wovld  be  divided  by  twenty* 
one  in  stiikintr  the  mean,  and  it  i.s  unlikely  that  twenty-one  people  reading 
rain  gages  should  make  an  error  which  would  be  very  large  in  the  average. 
For  these  reasons  the  minimum  discharge  is  estimated  to  be  somewhat  higher 
than  the  data  .show  on  .August  21,  1JK)4. 

The  profile  of  the  Tippecanoe  River  is  peculiar  in  that  the  fall  in  the 
upper  course  is  mudi  less  tiian  in  the  lower  course.  The  greatest  fall  occurs 
in  the  vicinity  of  Monticello.  This  i.s  due  to  the  fact  that  the  stream  flows 
over  the  Cincinnati  anticline  in  northern  White  County  and  has  been  unable 
to  cut  through  the  h«id  rocic  at  Norway.    The  Wabash  River  has  been 
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Department  of  Conservation 


deepening  its  valley  at  the  mouth  of  the  Tippecanoe  faster  than  the  Tippe- 
canoe could  deepen  its  valloy  in  thr  vicinity  of  Noi-way.  The  result  of  this 
condition  is  a  gradually  increufinK  full  in  the  lower  course  of  the  titream. 
The  following  table  shows  the  profile  of  the  river: 


Estitnatni 
VinXtaxv, 
Milw 

AlOtMbk 
Flat 

0 

:ii 

20  S5 

7 

703 

13.71 

« 

flW 

M.OO 

IS 

878 

ifl.go 

31 

SOT 

JO.M 

II 

37  «» 

8 

28. M 

• 

AM 

as.« 

Moatvrey  . 

fin*  

WiHiniac. . 

MimiifM'Uii 


A  discussion  of  the  water  power  conditions  along  the  Tippecanoe  Kiver 
is  given  on  pages  506  to  512  of  the  36th  Annnal  Report  of  the  Indians 
DeiMurtinent  itf  Geology  and  Natural  Rcsoiiroee. 

MiniaaiMwa  Rivtr. 

The  Mississinewa  River  rises  in  Darke  County,  Ohio,  enters  Indiana  in 
Randolph  County  and  flows  in  a  northwest  dirwtion  to  its  mouth  near  Peru. 
It  is  very  crooked,  has  no  large  tributaries  and  is  1U(>  miles  in  length.  The 
valler  Hes  hetween  two  fascial  moraines  which  were  deposited  by  the  Erie 
Lobe  of  the  Wisconsin  Glacier.  It  is  carved  into  bed  rock  at  several  points. 
The  rock  is  Silurian.  No  natural  storage  occurs  along  this  stream  and  the 
disdiarge  is  very  irregular.  The  drainage  area  is  861  square  milee,  A  g»ge 
was  in  operation  at  Peoria  from  July  8,  1910,  until  March  26,  1913. 

Peoria, — This  station  was  established  by  the  writer  on  July  8,  1910.  It 
is  a  direct  reading  gage  made  of  heavy  oak  bridge  planks  and  securely  spiked 
to  the  root  of  a  small  tree  and  to  two  oak  posts.  It  is  .set  with  the  slant  of 
the  river  bank,  which  is  about  thirty  (Ie)j:rees.  The  scale  is  made  of  brass- 
headed  tacks  on  the  up.strcum  side  of  the  gage.  Zero  of  this  gage  is  18.69 
feet  below  a  wire  nail  in  the  north  side  of  a  small  hackberry  tree  which 
stands  f*.7  feet  southwest  of  the  i  pper  end  ot  the  gage.  The  tree  is  Ix'side  a 
large  bowlder  and  has  a  woven  wire  fence  attached.  The  gage  was  read  each 
day  by  H.  F.  Whisler.  The  data  from  this  gage  follow: 

Diaeharge  MeaauretMntt  on  MiMtatnewa  River  at  Peorui,  Indiana,  dnring 

1910-1913. 


Daw 

UyclroRTupber 

Gage  lit>i«ht. 
Feet 

Diftclwrir, 

July  H,  I9I0   

w.  M.twlnr  

1.0 
4.6 
l.S 
l.t 
«.6 
S.ft 
3.S 
7.S 
3.5 

3. 191 

m 

M 
7. 1.M 

■m 
i.oie 

1.733 
1.379  ' 

.\pril  .5.  1911  

Junr  2.1.  191 1  

Jum-  215.  lyi  1   

Novrnit«T  l«,   

rKTriiilMr  II.  l»lt.  

Mun  h  \:\.  1912  

Tucker  aatl  Clark  

W  M.  TucIht  

W  .M  Turk.T   

W.  .M.TwkiT  

Iliv4.1«tt  

W.M.1Wwr  
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Daily  Gage  Heights  on  Mumissinetru  Rii'er  at  Peoria,  Indiumi,  for  1910, 


Jan. 

F«b. 

Apr. 

May 

June 

iul.v 

Aug. 

.Sept. 

Nov. 

Dm. 

\ 

II  10 

17 
IS 
14 
14 

1  .1 
13 
«  6 
8  4 
7  8 
7  S 
7  4 

e  4 

4  0 
3  2 

2  1 
1  K 
1  K 
1  7 
17 
1  « 
1.6 
16 
1.5 
15 
15 
15 
1  5 
1  h 
1.4 
14 
1.4 

1  3 
13 
12 
1  2 

I  2 

3  0 
2.8 
2  4 
2  3 

2  0 

2   

• 

1  0 
1  0 

1  n 

11 

10 

1  0 

1  fl 
1  II 

1  0 
1  0 

1  n 
1  n 

10 
10 

1  0 

1  3 
1  7 
I  7 
1  5 
t  « 
1  8 
1  6 

1  S 

2  1 
2  0 
2  )) 
2  1 
2  2 
2  3 
2  3 
2  3 
2  3 
13 

3   

4   

,5   

1  2      2  9 
12      2  H 

7  ... 

K   

U  

12 
11 
1  1 
1  1 
1  I 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
11 
11 
1  1 
1  1 
1  1 
1  1 
II 
11 
II 

1  5 

2  0 
3.3 

17 
1.7 
1.7 
1.7 
1  * 

1  K 
17 
1  7 
1  8 
1  a 

1  8 
IS 
IS 
1  s 
1  s 
1  s 
16 
l.« 
I.« 
16 
1  9 
3.8 
•.0 
4.» 

10   



11..  

1  I  :  in 

12 



1  0 
10 
10 

1  n 

1  0 
1  0 

II 

10 
10 
10 

I.I 

10 

1  II 
1  1 
1  1 
1  1 
1  1 
1  1 

10 
10 
10 
10 
10 

13    -  

1 

H   

15  

I»   

«  

n  

»  

10  22 

1.0  ;  1.0 

1.1  1.0 
to  II 

2  2 
S,3 

3.1 
2  1 
2  « 
2  0 
1.8 

»  

10  12 

1  0 
1  0 
1  0 

1.1 

1  1 
1  i 

to 

1.0 

»  

SI  

*UaRe  iwulied  July  7. 


Daily  Gage  Heights  on  Miiunuinewm  River  at  Peoria,  Indiana,  for  1811, 


Jnn 

F.'l.. 

Mar. 

Apr. 

May 

Juno 

July 

Auk 

Nov . 

Dm. 

1  

*  7 

4  2 

3  3 

3.0 

3  7 

12 

1  5 

1  2 

2  1 

2  7 

1  5 

2  7 

3  

4  .I 

3  8 

3.3 

3.0 

3.9 

12 

t& 

1  2 

1  9 

3  1 

1  5 

3.7 

3  

4  5 

3.4 

3.1 

30 

38 

I  2 

I  » 

12 

19 

2  7 

IS 

t.7 

4  

4  3 

3  1 

2  0 

3.1 

3.1 

1  2 

1  3 

1  II 

1  !> 

2  1 

1  5 

3.7 

4  0 

3  n 

2  0 

2  1 

3.3 

1.2 

13 

10 

17 

1  H 

15 

3.7 

«  

3  4 

2  8 

1  1» 

53 

3  3 

1  6 

13 

1  0 

1  7 

2  3 

1  A 

3.7 

7  

3.0 

2  8 

18 

S.3 

3  3 

2  5 

1  3 

1  1 

17 

2  7 

1  4 

3.4 

3.0 

3  8 

1.0 

4.8 

2  0 

2  5 

1.3* 

II 

17 

3  1 

14 

3.3 

•   

2  R 

2  7 

1  « 

4.0 

2  4 

2  1 

1.2 

1  4 

1  7 

3  5 

14 

3.3 

10   

2 

2  7 

2  2 

3  6 

2  4 

2  0 

11 

1  11 

1  3 

3  1 

1  7 

2  3 

•  7 

•»  7 

2  K 

3  1 

2  2 

17 

1.3 

I  11 

1  3 

2 

1  9 

2  5 

12  

2  7 

2  5 

3  2 

2  6 

2  3 

1.7 

1.1 

1.3 

13 

2  (i 

3  1 

2  5 

»  

3.6 

3.4 

2.8 

3.4 

3.0 

1.7 

1.0 

1.5 

IS 

2  1 

2  1 

2  0 

14  

3.7 

2  8 

2.S 

3  3 

3  0 

1.4 

1  1 

1  5 

3  7 

2  5 

2  1 

3  7 

13  

3  > 

3.8 

2  3 

4  6 

2  0 

1.4 

1  1 

1  t 

5  0 

2  n 

I  » 

4  5 

M  

SO 

8  7 

2  1 

4  4 

2  0 

13 

1  1 

1 

4  4 

1  9 

2  3 

4  1 

17  

»  4 

3  3 

2  1 

2.7 

1  7 

1  3 

1  1 

1  2 

3  4 

3  2 

4  1 

4  0 

W  

.'i  li 

3  2 

2  1 

2  3 

1  7 

11 

1.0 

1  2 

3  1 

3  0 

«  7 

3  9 

19  

4  » 

3  0 

2  1 

2  0 

1  X 

1  1 

1  0 

1  2 

2  7 

2  6 

A  7 

3  3 

20   

4  4 

2  a 

2  2 

3  .<< 

1  H 

1  4 

1  2 

1  1 

2  1 

2  ( 

6  1 

3  S 

4  1 

2  N 

2  2 

.1  s 

1  a 

14 

1  0 

1  1 

2  3 

2  6 

S3 

3  6 

23  

3  S 

2  8 

2  1 

.(  .1 
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I  .H 

1  2 

1  2 

3  1 

2  H 

3  2 

2  8 

34   

3  6 

2  4 

2  II 

3  2 

1  r, 

1  <i 

1  3 

1 

3  11 

2  3 

3  2 

2  5 

25  

3  II 

2  4 

1  » 

2  3 

1  4 

1  3 

2  3 

2  N 

2  3 

3  ri 

2  1 

26   

2  S 

2  4 

1  0 

2  1 

1  4 

i  ii 

1  3 

2  3 

2  H 

2  3 

2  7 

2  1 

37  

3  4 

3  3 

2  1 

1  N 

t  4 

1  ■ 

2  0 

2  » 

18 

2  9 

2  1 

»  

7.1 

3.3 

2  II 

1  .S 
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2  1 

13 

1.3 

2  1 

15 

2.r 

*No  record,  reaUuic  interixiiied. 
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Daily  Gage  Heights  on  JlfiMtMiMiwi  River  at  Peoria,  Indmuh  for  lilt. 


DAT 
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2.0 

1.3 

1.5 

t.7 

s.a 

17 

3  1 

3  0 

4  2 

1.7 

1.4 

19 

2  1 

14 

13 

18 

2  0 

17 

3  1 

3  7 

3  7 
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14 
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1.0 

1.1 

12 

2  6 

16 

16 

7  3 

2  6 

3  1 

1  9 

1  3 

6  6 

1.0 
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10 
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10 

17 

II 
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17 
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17 
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(2 
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13 
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8.0 

1.1 
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3.1 

DaUy  Qage  HolghU  on  Mitoitoiaewa  River  at  Peoria,  Indiana,  for  191S, 


Day 

Fob. 

Mar 

.\pr, 

.May  1  Juno 

July 

Auk. 

.■<<T>I  1  f)ct. 

Nov. 

Dtc. 

1  

3  0      2  2 

1  H 

2  3 

2  3 

3  4 
3  a 

3  0 
3  0 

2  2 
2  3 
2  3 
J  3 

2  7 
2  3 
2  3 

2  3 

3  3 
2  5 
2  9 
2  9 
2  9 
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3  1 
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3  1 

2  0      5  1 
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2  2 
2  1 
18 
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3.1 

3  1 

4  6 
4  6 
3  0 
3  7 
3  3 

3  3 

4  1 
4  K 
7  S 
0  9 

• 
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21   ,  
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25  

38  

2.7 
2.6 
2  0 

39  

30  

SI   

2  0 
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Ratbiff  TtAU  for  Mi$naaiimoa  Atrar  at  Peoria,  /mKana,  for  1910  to  1913, 


Hjwiht. 

DiwhuTKr. 

Onitc 

i 
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Haiilit, 

Dbelwnte. 

H<i9>t. 
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S.7 

S.S3S 

8.0 
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89 

3.5 

I.MS 
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8.1 

1.3 

vn 
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S  9 
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10.  •» 

1.4 
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3  7 
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«  0 
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8  3 

10.  tW 

l.S 
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3  8 
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C  1 

6. 131 

8  4 

II. OSS 

l.< 
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3  9 

l.BIO 

6  2 

6.335 

8.5 
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17 

164 

4  0 

2.088 

6  3 
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8  6 
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1  H 

IRS 

4  1 

■1  m 

6  4 

«.74« 

s  7 

11.715 

1  » 

204 

4  2 

2,«3 

6  5 

6.053 

•s  S 

11.935 

2  0 

227 

4  3 

2.S28 

6  6 

7.161 

8  9 

12.155 

2  t 
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4  4 

2.815 

6  7 

7.370 

9  0 

12.375 

2  2 

280 

4  5 

3.(U3 

6.8 

7.580 

9  1 

12.505 

2  ^ 

.TI2 

4  6 

^.  m 

8.0 

7,791 

9  2 

12.815 

2  4 

:m 

4  7 

3.3.SII 

70 

8.003 

9  3 

13.035 

2  5 

391 

4.8 

3.57lt 

7  I 

8,218 

9  4 

13.255 

3  S 

4.19 

4.9 

3.781 

7 

?«,4:>o 

a  5 

1.1.47.^ 

2  7 

4»4 

SO 

.•).!I53 

7  3 

8,645 

9  6 

13.695 

>  8 

i57 

S  1 

\.  I4< 

7  4 

8.861 

9  7 

13,915 

2  9 

62S 

5  2 

4.340 

7  5 

9, 07S  1 

9  8 

14. 135 

1.0 

711 

5  3 

4.535 

7  « 

9,296 

9.9 

14.386 

I.I 
1.3 

804 

5  4 

4.731 
4.938 

7  7 

9,  .SIS  1 
9.735 

908 

5.5 

7  8 

NOTIv— Thkn  Ubir  is  applicable  only  fnr  opoa-chnnacl  condUiow.  It  to  •  Uliant  abov*  7J  (Mi  witk  310 
MC.-lt.  per  0.1  (t.  variatioci.    It  is  not  very  Bccurato  above  7.8  lopt. 


A  discussion  of  the  power  conditions  along  the  Mississinewa  is  given  on 
pages  516  to  518  of  the  .36th  Annual  Report  of  the  Department  of  Geology 
and  Natural  Resources.  In  the  .same  article  will  be  found  a  discussion  of 
other  tributaries  of  the  Wabash  from  which  no  gage  or  discharge  data  have 
been  talcen. 

SU  Jooeph  River, 

The  St.  .lost'ph  River  ri.scs  in  the  lake  district  of  SOttth  central  Michi- 
gan and  flows  .southwest  into  Indiana,  where  it  makes  a  great  bend  to  the 
west  and  then  to  the  north,  and  finally  re-enters  Michigan,  where  it  flows 
into  Lake  Michigan  at  St.  Joseph.  The  total  length  in  Indiana  is  about 
forty-two  miles. 

The  valley  is  narrow  and  is  from  forty  to  sixty  feet  deep.  There  is  no 
swamp  land  within  the  valley  and  no  storage  i«  devdopcd  in  the  stream. 

The  firainafro  ba.»iin  lie.';  entirely  within  glacial  drift  and  no  bed  rock  is 
exposed.  About  four  hundred  lakes  varying  in  size  from  five  square  miles 
to  one-eighth  of  a  square  mile  or  less  form  a  great  amount  of  natural  stor- 
age.  The  entire  drainage  area  is  approximately  4,600  square  miles,  of  whidi 
1,668  are  in  Indiana. 

The  mean  annual  rainfall  above  the  gage  at  South  Bend  on  the  St. 
Joseph  River  as  shown  by  the  station  record.^  from  this  section  for  ei^teen 
years  (1808-1U15,  inclusive)  is  35.78  inches.  The  following  tables  whidi  are 
computed  entirely  from  government  reports  show  the  average  dsftii  of 
monthly  rainfall  and  the  cubic  feet  per  acre  rainfall  for  the  basin  of  the 
St.  Joseph  River  for  the  eighteen  years  above  mentioned.  The.se  averages 
are  taken  from  nine  U.  8.  Weather  Bureau  recording  stations.   The  following 
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is  a  lirt  of  the  stati«nu  nsed:   Anf^ola,  Elkhart,  Goahoi,  Howe,  Lima,  Notre 

Damr,  Routh  Bond,  Syracuse  and  Topeka.  LimB  and  Howe  aie  naUWS  fOT 
the  same  station  at  different  times. 


Table  Showing  Average  Depth  of  Montklif  Rainfall,  ttt  Inehee;  and  Cubic  Feet 

per  Acre  of  Rainfall,  for  thr  St.  Joseph  Rii^rr  Bn-^lu  Above  th$ 
Gage  at  South  Bend,  Indiana,  1898-1915,  Incliisive. 
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1.1,282 

.1 

3  36 

12.  IWi  8 

,    1  79 

6,497,7 

2  .16 
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3 
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The  disdiarge  of  the  St.  Joseph  Biver  is  determined  from  the  gaging 
Btation  wfaidi  was  established  on  the  Leaper  bridge  at  the  North  Hichicaii 
Street  crossing  in  South  Bend,  on  July  11  and  12,  1910.  The  gage  if  « 
chain  gape  and  is  located  on  the  up-stream  hand-rail  of  the  south  span  of  the 
bridge.  The  initial  point  for  Koundinps  and  current  rcadini^s  is  16  inches 
along  the  hand-rail  from  the  inner  edpe  of  the  iron  post  on  the  up-stream  side 
of  the  south  end  of  the  Leaper  bridj^e.  The  bridge  i.^  on  a  broad  bend  in  the 
river,  which  throws  the  main  current  near  the  north  bank.  There  are  no 
islandB  mr  Tegetation  to  interfere  with  the  readings.  The  current  Is  awtft 
and  very  steady.  During  high  water,  the  (lisrharjre  is  between  the  two  bridge 
abutments  except  at  extremely  high  stages,  when  it  flows  over  the  levee  upon 
which  Midiigan  Street  is  built  sonth  of  the  bridge.  This  has  not  oeenrred 
since  the  paprinp  station  has  Vicrn  established.  The  i?afre  IS  read  daily  by  If. 
J.  W.  Fisher,  chief  engineer  of  the  South  Bend  Water  Works  Ckmipany. 


Diaeharge  MeatummnUa  en  St.  Joseph  River  at  South  Ben4,  IndSanOt  dttrinff 

1910-2911. 


Dims 


Fnt 


ate.-WU 


July  13, 1910  

rVbnuryaO.  1911 

April  4.  1911 
Julv  7.  l«ll 

July  sat.  mi  .  .. 

Jlil|r3n,19U  


W.  M.  TbdMr. . 
W.ll.Ttelwr.. 
W.  M.  TucJcer  , 
Tueliar  4fc  CUrfc 
TbalnrACiark 
TwkarACfark 


I.IO 
4.05 
3  05 
2.25 
1.85 
LIS 


2.410 
S.810 

4.230 
2.545 
1,857 


Digitized  by  Google 


888 


Department  of  Ck)N8BSVATiON 


(r<V«  ReadSngt  on  St.  Joseph.  River  at  South  Bend,  Indiana,  for  1910. 


DAT 


1. 
t. 
s. 
«. 

i. 
«. 

7 
8. 

10 
II 
It. 

3: 

w. 

M. 


Jaly 


3.0 
I.B 
i.O 


Aug.  Kcfll 


1 

S 

H 
4 
7 
4 
t  0 
2  0 
I  • 
1  > 
I  S 
t  8 
I  » 
IB 

1  K 

2  0 


(Vt 


I  « 
II 


16 
I  « 
17 
17 
16 
I.« 
I.l 


Oat 


17 
IN 
19 
3lt 
21 
32 
» 
M 
SB 
M 
27 
38 
39 
30 
31 


July  Auk 


1.4 
19 

2  0 

3  1 

17 
i  3 
t  9 
I  4 

13 

I  y 

3  0 
18 
I  » 
I  « 
15 


18 
2  0 
14 
14 
14 
1  fi 
I  2 

1  5 

2  0 
I  A 

I  a 
I  I 
I  0 

I  7 


.Sopt 


I  9 
I  6 

1  A 

2  0 


1  1 
I  9 
I  9 
I  7 
I  4 
1  7 


Oet. 


*C)iMit  •IoIm  October  M  and  replMvd  Febnwry  4,  IMS. 


Gkve  Readinffs  on  St.  Jowph  River  at  Sontk  Bend,  Indiana,  for  1911. 


1. 
S. 
3 
4. 
«. 
6. 
7. 
t. 
0. 

n. 
II. 
tt. 
tt. 

M 

M. 

16. 

IT. 

It. 

It. 

». 

XI. 

tt. 

n. 

M. 

». 
It. 

17. 
tt. 
». 
It. 
11. 


Jan. 


Mar 

.Apr. 

-Huy 

June 

July 

.Viie 

Sept 

(Vt. 

Nov. 

Dec. 

2  8 

1  9 

2  8 

1  2 

2  4 

14 

1  8 

1  8 

1  7 

3  4 

2  9 

)  4 

3  6 

1  2 

2  I 

14 

13 

1  8 

19 

3  1 

2  4 

1.8 

2  1 

10 

2  2 

17 

13 

2  0 

18 

3  0 

2.6 

2.4 

2.1 

2.6 

13 

2  1 

1.7 

l.t 

19 

18 

S.l 

2  0 

3  7 

2  7 

2.4 

13 

1  9 

17 

16 

2  2 

17 

2.S 

2  5 

2  2 

3  6 

2  3 

16 

I  7 

t  1 

14 

2  0 

19 

2  6 

2  4 

2  2 

3  2 

1  3 

14 

1  K 

1  4 

18 

2  3 

1  8 

2  6 

2  4 

2  1 

2  9 

2  0 

2  2 

IS 

1.6 

1.9 

2  0 

19 

2.t 

2  3 

2  0 

2  8 

14 

3.6 

IS 

l.t 

1.5 

2  1 

17 

l.t 

17 

2  0 

2  6 

2  0 

2  1 

1  7 

t  1 

12 

2  0 

19 

IS 

2  1 

2  0 

2  4 

16 

13 

1  0 

1  4 

1  3 

2  0 

1  8 

3  0 

2  3 

19 

2  6 

13 

• 

1  7 

1  ;i 

16 

2  1 

1  9 

3  4 

2.7 

3.1 

2  « 

11 

2.3 

18 

14 

1.8 

2.0 

2.3 

3.1 

S.O 

It 

3.< 

1.3 

i.e 

1.2 

IS 

1.7 

2.1 

2.1 

a.t 

4.0 

3.7 

3.6 

1.6 

17 

1.4 

19 

2  3 

17 

2  4 

30 

St 

3  5 

2.6 

17 

16 

1  4 

2  0 

1  5 

1  S 

2  3 

3  1 

1.7 

2  « 

3  8 

1  S 

17 

1  S 

1  8 

I  8 

1  9 

2  S 

2  5 

4  0 

2  3 

2  7 

1  7 

14 

1  5 

1  7 

2  0 

1  8 

3  5 

2  8 

4  6 

2  2 

2  7 

I  !. 

1  -• 

I  4 

1  K 

2  0 

1  9 

4  2 

2  6 

4  j 

2  2 

3  h 

1  & 

1  3 

1  * 

1  .1 

1  9 

1  8 

4  0 

2  6 

3  9 

2  1 

4  7 

1  2 

14 

1  ■< 

1  f. 

1  9 

2  0 

3  9 

2  5 

3  7 

2  <> 

4  2 

1  4 

14 

14 

1  U 

1  9 

1  9 

3  7 

2  4 

3  4 

1  9 

4  0 

1  2 

16 

1  7 

2  II 

1  3 

1  9 

3  8 

2  3 

3  2 

1  8 

3  9 

1  6 

1  7 

1  i 

1  9 

1  n 

18 

3  8 

2  4 

3  1 

1  8 

3  6 

1.3 

14 

16 

2  0 

18 

2  0 

3  7 

2  8 

3  1 

17 

3  3 

1.1 

2.7 

1.6 

2.t 

1.9 

2.0 

3  8 

2  7 

3  1 

1  9 

3  1 

1.2 

S.2 

16 

I  4 

2  0 

It 

3  4 

2.7 

2  9 

2  0 

2  9 

1  0 

2  9 

1  i 

1  9 

1  8 

2  0 

3  9 

2  5 

2  0 

2  8 

1  0 

2  9 

1  3 

I  9 

2  0 

1  3 

3  S 

19 

l.V 

2.5 

14 

2  7 

1.7 

1.9 

1.7 

l.t 

S  f 

2.1 

l.t 

l.t 

l.t 

l.t 

1.7 

It 

*N«nvatt. 


Digitized  by  Google 


Hand  Book  op  Indiana  Geology  389 


Gage  Rcudings  on  Hi.  Joseph  River  at  South  Bend,  Indiana,  for  1912. 
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14 

5  8 

2 

4 

V 

II 

3 

1 

5 

e 

1  ; 

2 

4 

1 

!» 

17 

19 

15 

13 

a»  

4.« 

« 

2 

4 

0 

17 

2 

2 

'^ 

II 

1  9 

3.1 

17 

IS 

ao  

4  ft 

2 

2 

8 

3 

8 

19 

2 

2 

I 

M 

1  7 

1.8 

14 

14 

31  .--  -  .  . 

4  4 

8 

4 

3 

2 

•> 

0 

1 

7 

3  0 

1.5 

'NofMoid. 
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Gage  Readinga  on  SU  Joaepk  Riv«r  tut  South  Bend^  Indtanot  for  1914. 


Jm. 

Krb. 

— . — 

Mitr 

- 

Apr 

-  -  - 

Jiin<< 

-  — 

July 



 r— 

.Si"pt 



()et. 



Nov. 

Dm. 

1.4 

2  3 

1  R 

.'i  .') 

■J  1 

3  0 

! : 

• 

U  (I 

tt  9 

■ 

»  7 

1  5 

2  6 

1  8 

!>  6 

2  0 

2  7 

1  8 

* 

6  5 

6  9 

7. 7 

1  4 

2  6 

1  4 

5  .5 

2  0 

2  5 

1  6 

• 

A. 5 

7.0 

7.2 

16 

J  0 

1  " 

5  2 

2  S 

2.6 

13 

• 

7  0 

7.1 

7.1 

ft  

1  4 

2  A 

1  tt 

4  6 

3  1 

2  5 

1  8 

* 

0  9 

7  0 

7  1 

e  

1  tt 

2  3 

1  A 

SO 

3  0 

2  7 

1  6 

• 

6  7 

7  0 

7.0 

7  ... 

1  A 

2  I 

2  2 

4  6 

3  3 

3.6 

2  1 

• 

6  9 

6  8 

7  2 

I.A 

1  9 

1  4 

4  2 

3.1 

2  7 

1  9 

• 

It  9 

A  9 

7.1 

1.9 

1  » 

2  1 

4  0 

3.S 

2  6 

2  <» 

• 

6  8 

7  0 

7  S 

I.A 

2  0 

1  7 

4  0 

2  3 

2  5 

1  8 

• 

0  5 

7  U 

7  3 

1  4 

2  1 

17 

3  S 

3  2 

2  3 

1  5 

• 

6  8 

7  0 

7  4 

tt  

1  « 

1  » 

1  » 

3  6 

3  8 

2  3 

1  8 

• 

6  7 

6  8 

7.2 

I.S 

2.1 

IK 

3  6 

5  7 

2  2 

1.9 

• 

6  8 

6  8 

7.3 

H  

l.« 

2  0 

2  4 

3  3 

a  2 

2  1 

1.6 

• 

6  8 

6  8 

7  1 

IS  ,  , 

16 

1  « 

2  8 

.(  2 

6  K 

2  3 

1.7 

• 

6  8 

C  8 

7  3 

1ft.,  .. 

l.ft 

18 

3  :t 

3  0 

(i  8 

2  2 

IS 

• 

6  7 

6  8 

7  4 

17  

1.7 

18 

3  & 

3  U 

6  7 

2  1 

1.7 

• 

6  7 

6  7 

7.J 

» 

IS 

18 

2  6 

6  4 

2  2 

t.ft 

• 

•  7 

e  s 

7  1 

» 

16 

18 

It 

2S 

5  2 

2  II 

I  4 

t74 

6.7 

6  8 

7.0 

10  

1  n 

I  M 

L>  l> 

5  4 

2.2 

1  8 

7  7 

6  9 

6  6 

7  4 

2  0 

1  1» 

2  4 

4  7 

1  8 

1  6 

7  7 

6  8 

6  li 

7  3 

» 

1  H 

14 

2  » 

2  1 

4  6 

1.8 

• 

7.7 

6.8 

6  6 

7  4 

33 

IK 

20 

2  9 

2  0 

4  2 

18 

• 

7.7 

6  7 

7  3 

7  4 

M  .  . 

18 

18 

2  3 

2  2 

• 

19 

• 

7  7 

6  7 

7  3 

7  2 

3ft  

2  W 

18 

2  0 

2  3 

3  5 

19 

• 

7  8 

7  0 

7  3 

7  2 

M 

a  6 

1  ' 

2  1 

2  1 

3  1 

1.9 

• 

7.4 

7  0 

7  3 

7  2 

27 

a.7 

1.8 

3  0 

2  8 

1.8 

• 

7  6 

7  1 

7.2 

7  2 

2Ji 

rt 

2.0 

4  » 

11 

2  » 

16 

• 

7.6 

7  1 

7  2 

7  3 

28  

s.o 

i  3 

2  3 

3  0 

17 

• 

7  7 

7.0 

7.9 

7.5 

w  

s.« 

,  ... 

i!, 

21 

2  6 

19 

• 

7  7 

7.0 

7.4 

7.ft 

ftl  .  . 

s.s 

6  0 

2.8 

• 

6.8 

7.1 

*No  record.   Uoitv  ilntroycd  by  rvinuvaJ  U  liriilBt-,  July  23. 
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Gago  JUadings  on  St.  Joseph  River  at  South  Bend,  Indiana,  for  1915. 


Dm 

Im. 

Feb. 

Mur 

.\pr 

May 

June 

July 

Oct. 

Nov. 

Dw. 

1  

7  2 

7  7 

9  0 

8  5 

7  S 

8  3 

8  4 

H  0 

9  5 

9  3 

• 

1  

7  5 

8  0 

7-8 

8  0 

8  0 

8  1 

9  4 

9  0 

9  3 

• 

7  1 

8  0 

8.5 

7  6 

8  1 

8.0 

9  3 

8.7 

8  9 

• 

7  5 

7  7 

7  7 

8.3 

8  3 

7  8 

• 

8.4 

8.2 

6  6 

8  2 

8  4 

8  5 

8  2 

8  n 

7  7 

• 

« 

8  6 

9.0 

7  4 

7  5 

8  7 

8  4 

8  1 

8  3 

7  8 

8  5 

B  1 

8  5 

9  0 

7  8 

9  

7  3 

8  3 

8  U 

8  1 

7  S 

8  0 

8  2 

9  1 

9  0 

8  9 

7  1 

7.4 

8  5 

8.5 

8  2 

7.5 

7  .5 

8  1 

8.2 

9  1 

8  A 

7.S 

7  5 

8  7 

8  2 

7  9 

8  S 

7  .5 

8  4 

»  1 

9  1 

8  5 

7.9 

7  3 

8  8 

8  2 

7  « 

8  n 

• 

.H  .S 

<>  0 

K  .H 

7  !> 

8  0 

7  7 

9  0 

8  1 

8  7 

-  8  2 

• 

8  11 

»  II 

S  .'. 

S  7 

7  4 

7.6 

9  3 

8  3 

8  3 

8  5 

7  S 

0  1 

9  0 

9  2 

8  5 

8.2 

7.S 

9  5 

8  6 

8  3 

8  0 

8  n 

9  4 

8.8 

as 

• 

8.7 

M  

7.S 

10  5 

8  0 

8  3 

8  0 

» 

9  5 

8  9 

8  5 

8. A 

r.s 

Ift  

7  7 

9  7 

8  2 

8  3 

7  5 

7  7 

• 

8  .1 

9  1 

8.6 

7  5 

• 

9  9 

8  5 

8  0 

8  4 

7  8 

9  3 

» 

9  2 

8  5 

7  2 

17  

• 

9  8 

8  5 

7  7 

8.0 

8  0 

9  .1 

fl  II 

9  4 

7.4 

7  6 

IS  

8  3 

9  8 

84 

8  5 

8  0 

8  0 

8  1) 

.S  U 

9.1 

S.S 

7.2 

»  

8  0 

10  1 

8  0 

8  5 

8  3 

7  5 

9  1 

8  W 

8.0 

8.6 

6  8 

7.9 

lu  2 

8  5 

8.0 

8  1 

8  3 

8.7 

8  9 

9  4 

8  6 

7  3 

8  0 

9  6 

8.0 

8.2 

8.1 

8  8 

9  0 

8  5 

9  0 

9  3 

7  3 

11  

7.7 

10  0 

8  4 

8  0 

7.5 

8  5 

90 

8.1 

9  0 

8  0 

7.4 

11  

7  7 

10  2 

8  5 

8.0 

8.1 

8.7 

8  6 

9.3 

9  0 

7.6 

7  8 

M   . 

7.4 

10.2 

8.0 

7  6 

8.0 

8  5 

8  2 

9  4 

9  0 

8  5 

7  4 

M  

7  7 

9  7 

8  3 

8  3 

8  0 

H  .1 

8  8 

8  0 

9  1) 

8  6 

7  2 

M  

7  5 

9  2 

7  9 

8.4 

8  U 

7  i 

8  8 

8  5 

8  II 

7  7 

7  1 

«  

7  5 

9  3 

8  5 

8.2 

8.11 

8  4 

• 

U  0 

U  8 

7  7 

7  5 

M  

7  8 

8  8 

7.7 

8  3 

;  I 

8  .5 

8  0 

8  4 

9  1 

7  8 

7.5 

IS  

7  5 

8  1 

8  2 

7  6 

8  5 

9  0 

8  0 

9  2 

7  8 

•   1  7.7 

7.4 

8  0 

7.9 

8,0 

8  II 

».ll 

9  0 

9  0 

.... 

7  8 

7.ft 

SI  

• 

8.1 

8  3 

8  1 

8.1, 

7.0 

• 

*No  rec<ur<t.  Tli«w«  rvcunii  were  kMl  (rom  IIm  City  tlngiaear'a  office. 
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Saftitijr  Tuble  for  St.  Joseph  River  at  South  Bendt  Indiana,  for  1910-H, 


(ilHCO 

Uaiiht, 

Diaclwrici', 
8ee.-Ft. 

ilnight, 
Fmt 

UinctuirfEe. 

Cncii 
lletgiit. 
Feet 

Diitrluircp, 

( iacp 
lletKbt, 
RMt 

Uincbu-tP, 

i.i 

7go 

2  0 

3.0 

4.140 

4  0 

».m 

I.I 

873 

2.1 

2.sm 

3.1 

4.430 

4  1 

t.200 

BSft  1 

2  2 

2.4Sft 

3  2 

4.700 

4  2 

1  .i 

2.3 

3.  MO 

3.3 

.^,110 

4  .1 

Id.  7m 

1.227 

2  4 

2.K24 

3  4 

5,47.'. 

4  4 

II. «M 

l.f 

1.3U 

2.5 

;<.irj«) 

3  S 

4  S 

12.  .W) 

t.a 

I.41U  1 

2  « 

:i.2i'5 

3  8 

B..«l»» 

4  6 

13.540 

17 

i.»4n 

2  7 

.1.  HO 

17 

s.  r*ri 

4.7 

U.MO 

18 

i.'SNI 

3.670 

3  8 

7.2jiU  I 

1.0 

..«•  1 

2.8 

3,1N» 

3.t 

7.8SO 

From  the  above  data,  whidi  shows  the  lowest  giage  heig'ht  to  have  been 

one  foot,  the  smallo.st  dischnrRe  was  767  second-feet.  The  prafre  wa.s  read 
euch  day  at  6:(K)  o'clock  a.  tn.  with  the  idea  that  at  that  time  the  river 
would  have  fiUed  all  tiie  storage  above  the  aeveral  dams  whidi  are  loeated 
between  South  Bend  and  Elkhart,  and  would  have  re.'sumed  the  natural  flow 
by  overflow  over  the  dams.  Mr.  Fisher  expressed  the  idea,  after  a  year's 
obeervatlon,  that  this  was  not  the  case,  but  that  the  disdiarire  at  that  time 
of  the  day  was  le.'^.s  than  normal.  To  ascertain  the  real  condition,  g&ge  read- 
in^rs  were  taken  every  hour  for  24  hours,  from  6  a.  m.,  July  28,  to  6  a.  m., 
July  29.  The  lesnlts  axe  shown  in  the  following  tables: 


A.M. 

July  28. 

10:00  

..  2.3 

A.  M. 

July  29. 

P.M. 

July  28. 

1:00. , . , 

1.6 

2:00 

1.3 

2:00. . . , 

4:00  .... 

..  1.25 

4:00 

.  .  2.0 

r):00 

1.35 

5:00. 

2.6 

6:00 

1.3 

When  the  discharges  for  the.--e  twenty-five  gasc  heijjlits  are  taken  from 
the  rating  table  and  averaged,  the  uverafce  is  found  to  be  1991  second-feet. 
Surh  a  discharge  h  ropresentt*!  in  the  ratinp  table  by  a  K'^Kc  hei^rht  of  1.925 
feet,  which  is  more  than  foot  higher  than  the  average  (1.4  feet)  of  the 
two  6:00  o'clock  a.  m.  readings.  This  demonstration  corresponds  to  Mr. 
Fisher's  idea,  but  i  in-ufT'n  icnt  to  prove  the  exact  error.  An  average  re.«ult 
of  several  such  demonstrations  could  be  taken  as  a  correcting  factor.  See 
Figure  1.  It  is  safe  to  conclude,  however,  that  the  discharge  as  shown  by  the 
jrajje  hei^-ht  i-  .somewhat  low.  Durinir  the  time  wtiiiii  this  station  has  been 
in  operation,  thei-e  has  probably  been  no  day  in  which  the  average  discharge 
has  not  been  betow  1,000  seconci-feet.  The  estimated  discharge  at  Elkhart, 
above  the  mouth  of  the  F^lkhait  River,  is  .6  as  great  as  that  at  South  Bend. 
The  profile  of  the  St.  Joseph  in  Indiana  shows  a  fairly  regular  fall,  which 
varies  from  1.99  below  South  Bend  to  2.93  between  Elkhart  and  Mishawaka. 
Tlia  following  table  shows  the  profile  of  the  St.  Joseph  River  in  Indiana: 
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Department  of  Conservation 


ErtiauMd  DiaUoe 

»,  AUiludr, 

Fall  Per  MUs. 

Milw 

F«et 

Fm« 

750.61 

2.03 

 16 

720.01 

2.03 

684.82 

2.93 

  6 

671. 9S 

2.14 

654.00 

1.99 

A  discus.sion  of  the  water  power  conditions  on  the  St.  Joseph  and  its 
tributaries  is  j^nven  on  pa^^es  470-41)0  of  the  3Gth  Annual  Report  of  the 
Indiana  Depaitment  of  GcoloiO'  ^nd  Natural  Resources. 


The  Mnumce  System. 

Maumee  River  is  located  in  the  northeastern  part  of  the  state.  It  rises 
by  two  main  branches,  the  St.  Joseph  and  the  St.  Marys  rivers.  The  St. 
Joseph  River  ri.ses  in  Steubtn  ('(iunt\ ,  flows  south  alon;;  the  state  line  into 
Dekulh  County,  ami  joins  the  St.  Marys  River  at  Ft.  Wayne,  in  .Allen  County. 
It  drains  6'o6  iMiuuie  miles  of  Indiana  in  Steuben,  Dekalb  and  Allen  counties 
and  690  sqiiare  miles  of  Ohio  and  Michigan.  The  St.  Marys  River  rises  in 
Ohio  nnd  enters  Indiana  in  Atlams  County  and  flows  in  a  irenoral  northwest 
direction  into  Allen  County,  where  it  joins  the  St.  Joseph  at  Ft.  Wayne.  It 
drains  826  square  miles  of  Indiana  in  Adams,  Wells  and  AUen  counties,  and 
450  square  nii!i  -  nf  Ohio.  From  the  junction  of  the  St.  Joseph  and  St.  Marys 
rivers  the  Muumcc  flows  east  by  northeast  into  Ohio  and  finally  into  Lake 
Brie  at  its  we^m  extremity. 

This  rivei'  system  is  .situated  in  the  glacial  deposits  and  so  far  as  known 
has  not  cut  through  this  deposit  at  any  point.  No  investigation  of  this  stream 
has  been  made  hy  the  writer  and  the  data  herein  fdven  was  reeeived  from 
the  U.  S.  G.  S.  The  area  of  the  two  main  branches  as  Kivm  by  the  U.  S. 
G.  S.  is  2,104  square'  miles.  This  area  drains  through  the  gtige  which  is 
established  on  the  Maumee  abovt  three  hundred  feet  below  the  junction. 
Discharge  measurements  were  taken  at  this  gage  in  1912-13-14  and  the 
results  are  jriven  in  the  following  tahio  The  page  recni'l  i<  bein^r  kei)t  daily 
by  the  local  weather  ob.server  and  the  data  will  be  available  when  a  new 
rating  table  Is  establidied. 

TABLE  G-16. 


AfoKmee  River,  Fort  Wai/ne,  tndiana.  Drainage  Area^  tJOi  Square  MUen. 

IfM 


DIMCN4IIOK  IN  8cr.-Ft. 

Rm-ofr 

Bain 

Miurimam 

MMnani 

Man 

IVr 
N<|.  Mik 

Df1>lh 

in 
larhoi 

k 

Jnnwiry  

975 

1  «a 

737 

MO 

1  49 

l-VhnMry   

3.190 

no 

l.«77 

7117 

2  22 

«7S 

«.  .5112 

3  nsr 

2  Mi 

A|»ril  

IW..<«II> 

.5.. WO 

2  5»l 

2  ."tin 

Mny   

.U<i 

1  IlkN 

1  2.5,5 

3  2i  ' 

June   

i.tMn 

livn 

fi?4 

L>9e 

330 

2  M 

luly   

3.330 

2111 

1.187 

MB 

4  27 

Auiu^t  

4.A7S 

210 

M\ 

IH7 

4  10 

.*H-|>rfriilM-r   

«I6 

210 

:iin 

1.51 

m 

2  M 

Ortotjrr  

7en 

135 

4«> 

2IN 

251 

,      2  21 

Novcnbcr   .    .... 

Ml 

.3<W 

.444 

I.M 

DtccffiilMr  

420 

25 

m 

1 

.083 

I.3S 
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1913 


Jttnimry 
February  . 
Mueh.... 

P:::::: 

hum  

July     .  . 

AURUSt  .  . 

October 

Nuvctnlx'r 

December 


16.175 

170 

7.274 

} 

.'1  9s:i  , 

^  -1 

3.3I>» 

710 

1.261 

m 

«i23 

1  36 

aa.aoo 

i.lflO 

io.mi 

4.790 

5.469 

7.90 

14.345 

t.iso 

5.372 

2  Ul 

3  844 

3  91 

4..'>no 

I..34I 

'  037 

.734 

,1  47 

3,  I.V) 

2.VI 

72H 

344 

3M 

1  HI 

1.625 

210 

5tfK 

.284 

.327 

3  52 

S.9I0 

m 

«87 

.339 

.379 

3.99 

430 

«s 

230 

109 

.123 

t.l» 

1.035 

I7n 

483 

229 

2fi4 

3  17 

780 

250 

352 

187 

.m 

3.48 

3.840 

9i 

887 

.433 

.488 

.72 

1914 


iawry  . 

Ibnli  .  ' . 
April  . . 
May 
Jane 
Jaly 

AugUKt 

Scplcnilier 
Otobcr 
NovrriilxT 
December 


2.240 

210 

.W3 

263 

.303 

1  1.77 

2.170 

170 

tt75 

322 

33,?  I 

'       1  M 

K.  14.) 

m 

1  7lfi 

1  9M2  1 

2  I.S 

9.731) 

350 

4.23« 

2  012 

2.342 

3.54 

l.'i.jOO 

790 

5.00 

2  .tv* 

2.745 

5.27 

1.4011 

SIO 

733 

MX 

.388 

1      3  09 

'      2  24 

506  " 

.W 

206 

iitts 

113  1 

4  S3 

mo 

135 

379 

.1*1 

.201 

1  2.17 

1.095 

y.i 

4.12 

2US 

33a 

3.83 

170 

143 

<MW 

076 

1  09 

I.4IIII 

i:(5 

492 

234 

.270 

1 

3  15 

SECTION  III. 
LAKES  OF  INDIANA. 
General  DieeunioH. 

A  luke  is  u  boily  of  ftWldihg  water  which  in  not  connected  with  the 
at  sea  level.  Salt  lakes  are  not  connected  with  the  sea  and  fresh  lakes  are 
connected  with  the  sea  by  streams.  Small  lakes  are  called  ponds.  The  essen- 
tial conditions  for  the  existence  of  a  lake  are:  Arst,  a  depios.sion  of  sndl 
shape  that  water  will  .«tand  thrroin;  and,  .second,  water  .sufliciitit  to  par- 
tially or  entirely  tUi  the  depression.  On  the  basis  of  permanency  there  are 
two  dass&s,  permanent  and  temporary  or  intermittent  lakes.  A  permanent 
lake  is  a  lake  which  rctain.s  water  pcnnanently.  \u  intennittent  or  tem- 
porary lake  is  a  lake  which  disappears  in  dry  seasons.  On  the  basis  of 
salinity  there  are  two  daneB  of  lakes,  fresh  and  salt.  A  fresh  lako  is  a 
lake  which  di.^charge.s  water  through  a  .stream  or  underground  pa.ssajfc.  A 
salt  lake  is  a  lake  which  discharges  water  by  evaporation  only.  On  the 
basis  of  cause  of  the  hasin  there  are  many  dasses,  each  dass  corresponding 
ti)  the  manner  in  which  thr  depres.sion  which  the  lake  occupies  was  formed. 
Some  of  tiie  common  causes  of  lakes  are:  wind  action,  glacial  action,  dam- 
ming of  streams,  cutting  off  of  meanders  of  streams,  and  diastrophism. 

The  lakes  which  have  existed  in  Indiana  in  recent  jroolotrical  hi.^itory  have 
been  fresh  lakes,  usually  perroanmt  and  with  basins  formed  by  six  or  seven 
agendes.  The  dasses  due  to  cause  of  basin  are  marginal,  irre^lar,  kettle- 
hole,  channel,  oxbow,  wind  scoured,  bfuvcr  dam  an<l  artificial.  A  mnr^irinal 
lake  is  a  lake  which  occurs  along  the  margin  of  a  glacier  and  one  side  of 
whose  basin  is  composed  of  the  ice  of  the  i^aeier.  The  octinet  lakes,  Chicago 
and  Maumee,  illustrate  this  class,  although  there  were  many  other  small 
ones  along  the  edge  of  the  ice  sheet  when  it  was  present  in  Indiana.  An 
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irregular  lake  is  a  lake  whose  basin  is  formed  by  the  irregular  deposit  of 
glacial  drift.   Lake  Wawasee  and  other  large  irregular  shaped  lakes  of  the 

state  arc  exampUs  of  this  class.  A  kottloholc  lake  is  a  lake  who>e  basin  is 
formed  by  the  melting  of  a  large  detached  piece  of  ice  which  has  been 
bvried  in  glaeial  drift.  These  lakes  are  usoally  small  and  their  basins  are 
the  shape  of  an  inverted  cone.  Many  small  lakes  of  Indiana  are  of  this 
type.  A  channel  lukc  is  a  lake  whose  basin  is  formed  by  the  obstruction  of 
a  river  channel  by  glacial  drift  or  odier  means.  Crooked  Lake  in  Steuben 
<  iiitity  is  probably  an  example  of  this  type  of  lake.  An  oxbow  lake  is  a 
lake  who.se  basin  is  formed  by  a  river  cutting:  off  one  of  its  meanders  and 
silting  up  the  ends  of  the  abandoned  channel.  Many  such  lakes  are  found 
along  the  lower  courses  of  White  and  Wabash  rivers.  A  wind  scoured  lake 
is  a  lake  whose  basin  is  formcHi  by  the  wiiui  whirh  scours  out  the  depression 
in  a  dune  region.  Such  lakes  are  often  of  the  intermittent  type.  Small 
lakes  of  this  type  are  found  among  the  sand  dunes  of  nortfiem  Indiana.  A 
beaver  dam  lake  is  n  lake  whose  ba.sin  is  formed  by  the  work  of  beavers. 
Such  lakes  were  common  m  the  Kankakee  basin  Afty  years  ago.  An  artificial 
lake  is  a  lake  whose  basin  is  formed  by  the  work  of  man.  The  lake  at  Rome 
City  in  Noble  County  is  of  this  typo. 

A  lalce  is  one  of  the  roost  short  lived  of  topographic  features.  Practically 
an  natural  agents  tend  to  destroy  lake  basins.  The  inflowing  water  carries 
silt  into  the  basin  where  it  is  settled  out  of  the  stan<Hnf7  water.  This  tends 
to  fill  up  the  basin.  Vegetation  which  grows  in  the  shallow  water  of  the 
lake  and  on  the  water  snrfaee  deeayi  and  falls  to  the  bottom,  thus  filling 
up  the  basin.  Wind  blown  sand  and  dust  which  falls  upon  the  surface  of 
the  lake  settles  to  the  bottom.  The  salt  in  salt  lakes  is  precipitated  and 
fills  the  basin.  Any  stream  flowing  from  a  lake  tends  to  deepen  its  channel, 
a  condition  which  tends  to  diminish  the  basin.  All  these  and  other  agencies 
are  active  always  in  the  de.struction  of  the  lake  basins. 

The  reiiult  of  the  above  action  is  to  reduce  the  lake  to  a  swamp,  which 
later  becomes  a  morass  and  ibially  comes  to  be  solid  earth.  When  this  earth 
becomes  dry  enouph  for  the  burrowing  animals  and  earth  worms  to  occupy 
they  bring  up  clay  and  other  mineral  substances  from  below  and  mix  with 
the  TegetaUe  natter  at  the  top  and  in  time  the  land  becomes  the  finest  of 
fann  land.  It  is  level,  fine  ^^rained,  easily  tended  and  Very  fertile.  Some 
of  the. finest  farm  land  of  Indiana  is  of  this  type. 

It  is  estimatod  that  about  one-fifth  of  Indiana  is  either  occupied  by 
lakes  or  has  been  in  recent  geological  time.  This  time  dates  from  the 
IlUiiois  glaciation.  Tho  lakes  which  were  formed  during  this  ice  invasion 
are  practically  all  extinct.  The  region  which  they  occupied  is  ti>e  region 
lying  south  of  the  Wisconsin  vrlacial  limit  and  west  of  the  great  re-entrant 
between  the  lobes  of  the  Illinois  glacier.  No  doubt  lakes  were  formed  by 
the  Illinois  glaciation  in  the  region  now  covered  by  Wi.sconsin  drift,  but  these 
were  obliterated  by  the  Wisconsin  invasion.  During  the  Wisconsin  ice  in* 
V  "ion.s  many  marjrinal  lakes  were  formed  and  many  of  other  types  were 
It.]',  uprn  its  retreat.  All  the  large  lakes  of  northern  Indiana  were  formed 
by  this  agency. 

Great  chanfrcr  !-."vp  taken  place  in  the  lake  conditinns  of  the  state  since 
it.',  settlement.  The  Ir.st  fifty  years  have  witnessed  the  reduction  of  actual 
lake  surface  by  at  least  half.  This  is  due  to  natural  causes  coupled  witii 
artificial  drainage.  The  systematic  drainage  of  the  land  has  not  only  been 
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carried  on  to  the  extent  of  draining  many  small,  shallow  lakes  but  the  effect 
of  the  drainage  has  been  to  kwer  the  water  table  in  many  plaees  to  such 

an  extent  that  the  surface  of  the  lakes  has  been  lowered.  Larpe  areas  in 
the  northern  part  of  the  state  which  were  swamps  when  this  region  was 
first  oeeuiried  are  now  fine  farminfir  reffitHns.  The  original  drainage  was  at> 
tempted  by  individuals,  later  by  rommunities,  and  StiU  later  by  county,  state 
and  nation.  Considerable  sums  of  money  have  bem  expended  by  the  National 
Government  in  deepening  the  dtannel  of  the  Kankakee  River  and  this  coupled 
with  the  work  carried  on  by  the  state  and  counties  has  drainrd  English  Lake, 
the  largest  lake  shown  on  the  early  state  maps.  The  draining  of  this  lake 
has  also  drained  tiie  adjaeent  swamps  and  rendered  hitherto  worthless  land 
hiR)i1\  valuable. 

The  existing  lakes  of  Indiana  are  now  practically  confined  to  three  loca- 
tions. First,  the  small  river  lakes  which  are  along  the  lower  courses  of  the 
OhiOr  Wabash  and  White  rivers.  Second,  a  belt  of  glacial  lakes  extending 
f rom  northern  Waba-^h  and  Miami  counties  to  Steuben  County  and  orcupyinp 
Wabash,  Miami,  Fulton,  Kosciusko,  Whitley,  Noble,  Dekalb,  Lagrange  and 
Steuben  counties.  Third,  a  belt  of  gtaeial  lakes  extending  from  Fotton  to 
Laporte  rouniies  and  occupying  Fulton,  Marshall,  Starke,  St.  Joseph  and 
Lapoite  counties.  The  second  and  third  occupy  the  marginal  moraines  formed 
by  the  Saginaw  lobe  of  the  Wisconsin  glacier  in  conjunction  with  the  moraines 
of  the  Erie  lobe  on  the  east  and  the  Michigan  lobe  on  the  west. 

The  survey  of  the  lakes  which  has  been  undertaken  by  the  writer  is  as 
yet  only  begun.  Accurate  plane  table  maps  of  five  lakes  or  groups  of  lakes 
have  been  made  and  soundiri^s  of  two  are  complete.  The  accompanying  maps 
show  the  extent  of  the  work.  The  soundings  on  Lake  Manitou  are  talcen 
from  the  work  of  Prof.  Will  Scott  of  Indiana  University.  A  few  checks  were 
made.  The  soundings  on  Lake  Wawasee  have  been  compared  with  the  work 
of  Chanrey  .Tuday  which  is  published  in  the  Proceeding's  of  the  Indiana 
Academy  of  Science  and  are  found  to  correspond  in  general. 

Lnkr  Wauiisee.  Lake  Wawasee  is  located  in  T.  34  N.,  R.  7  E.,  the 
extreme  northeast  comer  of  Ko.sciusko  County.  It  con.si.sts  of  a  main  lake 
and  three  northern  extensions,  .John.sonV  Hay,  Honer  Lake  and  Syracuse  Lake. 
The  distance  from  Buttermilk  Point  at  the  extreme  southeast  point  to  Syra- 
cuse on  Lake  Syracuse  on  the  extreme  northwest  point  is  6%  miles.  The 
extreme  width  is  slifrhtly  less  thrui  I'i  miles.  The  length  of  the  main  lake 
is  on  a  curve  from  Buttermilk  Point  to  the  cement  company's  marl  slip,  about 
4%  miles.  The  extreme  depth  of  the  lake  is  slightly  more  than  80  feet. 
Three  points  reach  below  fiO  fef-t,  rrnar  Hiittrrmilk  point,  near  Vawtcr  Park 
and  */i  mile  east  of  Lake  View  Hotel.  The  entire  area  of  the  lake  is  5.95 
square  miles.  The  volume  of  the  lake,  excluding  Boner  Lake,  which  was  not 
sounded,  is  approximately  1,8G0  million  cubic  feet. 

Lake  Wawasee  is  one  of  the  principal  pleasure  resorts  of  Indiana.  It 
is  reached  by  the  B.  A  O.  Ry.  by  detraining  at  Syracuse,  Wawasee  Stotion  or 
Croravrell,  according  to  the  ])art  of  the  lake  to  be  visited.  Cromwell  is  two 
miles  east  of  the  east  end  of  the  lake.  Wawasee  Station  is  on  the  north  bank 
and  Syracuse  at  the  extreme  west  end  of  the  lake.  There  were  three  hundred 
and  ten  cottages  and  ten  hotels  about  the  lake  in  1917.  The  cottages  may  be 
rented  furnished  for  $15  to  $30  per  week.  Many  of  the  cott^ipes  are  occupied  by 
the  owners  during  the  summer  months.   The  rates  at  the  hotels  vary  accord^ 
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ing  to  the  accommodations  and  ranse  between  $2  and  |3  per  day.  Bathing, 
boating  and  fishinp-  arc  the  advertised  attrneti<ms.  The  number  of  visitors 
incrrases  yearly.  The  relief  from  Inisiness  cares  which  these  visitors  enjoy 
here  is  without  doubt  of  Kicut  vaJue  to  them  when  they  return  to  their  work. 
The  tendency  of  the  pw^le  of  Indiana  to  spend  a  week  or  two  during  the 
year  in  some  one  of  the  pleasant  resorts  of  the  state  will  no  doubt  make  a 
saner  and  healthier  population  which  in  time  will  manifest  itself  in  better 
basiness  methods,  deaner  legiilatknt  and  hi  general  more  wholesome  state 
conditions. 


Fig.  8 


This  lake  is  of  considerable  economic  importance.  In  1917  the  Sandusky 
Portland  Cement  Plant  had  a  slip  in  Conklin^s  Bay  for  the  handling  of  marl 
which  was  drefl^ed  from  the  bottom  of  the  lake  and  ii>erl  in  the  manufacture 
of  cement.  The  company  had  its  own  railroad,  which  touched  the  slip  on  its 
wi^  to  Lake  Wabee  toward  the  west,  where  marl  was  also  collected. 
This  plant  has  since  been  dismantled  and  the  marl  rights  relinquished. 
The  water  which  is  used  by  the  town  of  Syracuse  is  taken  from  Syracuse 
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Lake.  Large  quantities  of  ice  are  harvested  from  the  lakes  for  summer  u«e 
in  the  hotels.  A  amall  aiiMnint  of  miter  iMmer  is  developed  from  the  dis- 
charge of  Lake  Wawa.^ce  in  Syracuse.  It  is  used  to  prcKluce  electricity  for 
the  city.  In  dry  seasons  the  power  i#  not  used  because  of  a  lack  of  water. 
The  discharge  from  Lahe  Wawasee  drains  into  the  Elldimrt  River. 

Lakv  Manitou.  Lake  Manitou  is  located  in  T.  30  N.>  R.  3  E.,  near  the 
city  of  Rochester  in  Fulton  County.  It  is  2'»  miles  long  and  1  1/3  milrs  wido 
in  its  greatest  dimensions.   A  long,  curved  extension  stretches  south  and  east 


from  the  main  body  of  the  lake.  The  deepest  point  in  the  lake  is  somewhat 
less  than  50  feet  and  occurs  near  the  entrance  to  this  extension.  The  entire 
area  of  the  lake,  cxcludin;;  the  islands  is  1.2  square  miles.  Its  volume  is 
approximately  303  million  cubic  feet. 

Lake  Manitou,  like  Lake  Wawasee,  is  n  favorite  pleasure  resort.  It  is 
reached  from  Rochester,  through  which  the  Chicago  and  Erie  and  the  Lake 
Erie  and  Western  railroads  pass.  A  splendid  boulevard  Icad.s  to  the  lake 
from  the  city,  which  is  l  miles  away.  There  were  about  one  hundred  forty 
cottages  and  three  large  hotels  ahmg  the  shores  of  the  lake  in  1917.  The  rates 
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an  tin  SBine  u  at  Lake  WawaMs.  This  lake  is  repnled  te  be  one  of  the  beat 
if  not  the  best  fishing  lalte  in  the  state.  Many  water  fowl  also  freqiuent  it 
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during  the  migrution  .season.  The  ubundancc  of  fish  und  fowl  is  attributed 
to  the  water  rice  which  srrows  in  the  shallow  water.  It  farniriiei  food  for 
the  water  fowls  and  protection  for  the  small  fish  from  the  Utrgor  ones. 

Kochester  receives  its  water  supply  from  Lake  Manitoa.  Large  quantities 
of  ke  are  harwsted  tmm  fliii  lake  for  minuner  use  about  the  hotds  and 
cottapes.  A  smaW  amount  of  water  power  wn.s  formerly  employed  from  the 
water  of  this  lake.  It  was  conducted  into  the  city  through  the  canal  which 
now  carries  water  to  the  city  wator  plant.  The  drainage  iron  Lake  Maaitou 
is  diieliavged  into  Tippecanoe  River. 


Kii5  II 

North  and  South  Mud  Lukes,  North  and  South  Mud  lakes  are  small 
lakes  in  T.  29  N.,  R.  8  E.,  near  the  southeast  comer  of  Fulton  County.  North 

Mud  Lake  is  .9  mile  Inni:  and  an  average  of  about  %  mile  wide.  The  area 
of  this  lake  is  .158  square  mile.    It  is  a  shallow  lake  with  muddy  banks. 
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It  has  attraction  a.s  a  .sunmu  i  r  esort.  Thi-ec  cottages  are  located  near  the 
south  end.  South  Mud  Luke  Ls  even  smaller  than  North.  It  is  .fi  milo  lonjf 
and  %  mile  wide.  Its  area  is  .144  square  mile.  It  is  also  very  shallow  and 
muddy.  Six  eottases  are  froaped  near  the  east  shore.  These  lakes  are 
three  miles  west  nf  Macy,  Miami  County,  throni^  which  the  Lake  Erie  and 
Western  Railroad  passes. 

No  soundings  were  taken  on  thcas  lakes.  Both  lakes  have  keen  reduced 
considerably  by  artifldal  drainage.  Th«y  drain  by  Hud  Credc  into  Tippe- 
canoe River. 


FIS-  IS 


The  two  groups  of  lakes  shown  in  Figures  11  and  12  are  located  in 
Steuben  County.  Crooked  and  Kidney  Lakes  drain  into  the  St.  Jo.seph  River 
through  Pigeon  River.  James,  Snow,  Otter  and  Jimerson  lakes  drain  into 
the  St.  Joseph  River  through  Fawn  River.   While  James  and  Crooked  lakes 

are  but  %  niile  apart,  the  surface  of  Crooked  Lake  is  2.3.5  feet  higher  than 
James  Lake.  The  water  power  of  the  Crooked  River  System  is  treated  in  the 
36th  Annual  Report  of  the  Department  of  Geology  and  Natural  Resources. 
Fawn  River  has  considi  rahle  d.  veloped  water  power,  much  of  which  is  in 
Michi^Mn.  Further  work  on  the  lakes  of  the  State  ia  now  being  carried  on  by 
the  writer. 
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INTRODUCTION. 

The  history  of  Indiana  ^oolojjical  surveys  has  bt>en  ably  summarized  by 
Blatchley  (iS)17,  89-177);  and  brief  reviews  of  the  stratii^raphy  are  given  in 
B  niunber  of  the  annual  reports.  In.  the  28th  report  there  appears  a  rather 
full  summary  of  our  knowU-dy-c  of  the  Indiana  >rfolo>:ira!  fot  mations.  written 
by  Hopkins  (1904,  15-77)  and  Foerste  to  accompany  the  large-scale  geological 
map  of  Indiana  published  In  1904.  The  geological  time-scale  for  Indiana 
pi'Mishii!  by  Hopkins  (p.  17)  represents  substantially  the  terminolojo'  of 
Indiana  stratigraphy  as  worked  out  by  the  earlier  surveys  and  continued 
down  to  the  present  ortcanizatiim.  It  is  presented  herewith  for  eompariaon 
with  the  revised  terminology  of  the  present  r^rt: 


Ceoosoin 


fQuatemary-PIctstoeene 


[Tertiary 


Recent 


Gladal 


Paleoaoic 


'  Permo-Carbonif- 
erous 


Missiaslppian 
or 

l^wcr  Carbon- 
iferous 


Devonian 


Silurian 
(Tpiicr  Silurian) 


Ordovieian 


<  'atnltrinn 


fMprotn  sandstone 


I 


Productive  CJoal 
Moaaures 


Mansfield 

Huron 

Mitchell 

Bedford  Oolitic 

Ilarrodsbnrg 

Knobstonc 

flonialilo 

\«'w  Albjuiy 

SoliorsbiirK  1 

Silver  ('reekj 
I  JefTontonville 
'  Penrlh-fon 
I  Walerlinie 
I  Louisville  | 

Wi.ldron  I 

i>aurel  I 
|Osgood  J 

<  'linf  on 

Kichmond) 

Lorraine  / 

Utica 

Trenton 

St.  Peter  (?) 

Lower  MainicHian  (?) 

Potsdam  i".') 


I  pper  Barren 

I'ppcr  Productive 
•j  Ix)wer  Barren 
[Lower  Productive 

Pottsville 

Chcster-Kaskaskia 

St.  Lou  1*8 

Maneh  Chunk-\Var»aw 

Burlington* 

Keokuk 

Chouteau 

CSenesee 

Hamilton 

Corniferous 

Seholiarie 

I^DWor  Helderberg  (?) 
Salina 


Niagara 


Hudson  River 
(Cincinnati) 


Chasy 
Caleifenras 


*T1m  ia  venaoii  of  the  Burliaflon  Mil  Kcokak  in  thu  table  by  IlopkiiM  wm  prabably  not  intcBliaaal. 
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The  paleogeopinphy  of  Indiana  ha.«  received  incidental  treatment  in  the 
memoirs  of  Schuchert  (1910,  427-606),  Ulrich  {1911,  281-680;  1919,  76-162), 
Stauffer  (1909,  pis.  xiv,  xv),  and  Savage  and  Van  Tuyl  (1919,  354,  369,  371, 


FiK.  4.    G<-<ili>i:icttl  map  of  Ihv  Centml  States. 

376);  and  in  tHc  text  books  of  Schuchert  (1915),  Chamberlin  and  Salisbury 
(19U6),  and  Grtibau  (1921),  and  the  Outlines  of  Geologic  History  by  Bailey 


Digitized  by  Google 


Hand  Book  of  Indiana  Geology 


411 


Willis  und  others  (1910).  Only  one  attempt  has  been  made  to  deal  qwdlleally 

with  Indiana  poleojfeoKi-aphy,  namely,  that  by  Blatrhloy  in  bis  "Indiana  of 
Nature"  (1904,  39-59).  The  maps  published  by  UlutchUy  are  in  reality 
merely  outerap  maps,  and  his  diseassion  of  the  relations  of  land  and  water 

(lurintr  thr  successive  K<'<'loKical  periods  betrays  a  inisconceptton  of  both 
the  data  and  principles  of  paleogeographic  interpretation. 


Fig.  6.    Imlex  roup  xhowiiiK  type  localtUe*  of  Ke<>(uKic«l  rurmatiun*  in  the  MiiwiMippUUhio 


The  maps  presented  herewith  are  based  in  part  on  those  of  Schuchert, 

Ulrich,  and  StaufTer,  and  in  part  on  the  writer's  interpretation  of  the  faunistic 
and  diastrophic  data.  Like  all  such  maps  they  are  merely  sugge^itive,  and  lay 
BO  dafni  to  finality.  Tho  general  geological  map  of  the  eentHy  United  States 

will  aid  in  the  interpretation  of  the  paleogeoprnphy  and  espejISlly  of  the  chief 
Structural  features  of  this  re8:ion,  such  as  the  Nashville  and  Cincinnati  arches 
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and  the  preat  coal  basins.  It  is  drawn  with  special  reference  to  the  delineation 
of  these  features  and  is  based  on  the  gpologic  map  of  North  America  by  Bailey 


FlK.  10.  Pnl^uaNiKruphy  of  Ihr  VUen.  After 
Ulrich.  Broken  linn,  probably  aea ;  solid 
linea,  am. 


Fl({.  12.  PnlcttKcoKtTiphy  of  the  SalutU- 
WhiU^atvr.  IX>tU><l  arf«.  non.marine  sedi- 
mt-nu.  Dn!ih<-<1  lincM.  prodably  land.  Broken 
linrs,  probably  sea ;  solid  lines,  sea. 


Kijr.  IJ.  Palengeoirniphy  of  the  Waynejiville. 
I)otteil  area,  non-marine  xedimenls.  Vertieal 
lines,  eastern  or  Waynraville  waters.  Hori- 
xmtal  linos,  western  (northern)  or  Fern- 
vale  waters.  Dashed  line«,  probably  land. 
Broken  lines,  prubnhly  sea. 


Vie.  IS.  r»lcoite«<(rniphy  of  the  BniMfield. 
MrKiiAnl  from  Sohuchert.  Broken  lines,  prob- 
ably sea ;  solid  linen,  aea. 


Willis  and  George  W.  Stose,  1911.  As  an  aid  to  the  understanding  of  Keolojfic 
terminolofcy  an  index  map  of  type  localities  is  also  included. 
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The  gfeneral  stratigraphic  chart  or  time-scale,  includes  a  graph  drawn 
to  scale,  exhibiting  the  main  lithologic  characters  and  thicknesses  of  the 
various  formations. 


Fiir.   14.     PalcoKcosrraphy  of  the  Louiavilte.  Fig.  15.    PalmKeogniphjr  of  the  Middle  Dc- 

Gurlph.    AftiT  Schuchcrt.    Horizontal  line*.  vonian.     Slitchtly    modified    fmm  Stauffer. 

northern   fauna.     Vertical   lines,   southern  Vertical  lines,  southern  fauna».  Horizontal 

fauna.  linn,  northern  faunas. 


KiK.  16.  PalcoRcoKraphy  of  the  St.  Genevieve 
and  Chester.  After  Ulrirh.  Dotted  lines 
(A),  St.  Genevii^c.  DolU-d  space*  (B), 
(C),  early  Chester.  Solid  lines,  late  Chea- 
ter. 


Kiif.  17.  ralcoReotrraphy  of  the  Mannfteld. 
MixIlflMi  from  Schuchert.  Dotted  area, 
mostly  non-nwrine.  Solid  lines,  Mansfield 
an. 


Nomenclature  and  Description  of  the  Geological 
Formations  of  Indiana 


Lapworth  (1S7!>,  14)  proposed  the  name  Ordovicuin,  from  the  Roman 
name  of  a  tribe  of  Wales,  in  the  following  words:  "It  should  be  called  the 
OSDOViciAN  System,  after  the  name  of  this  old  Britiah  tribe  [the  Ordovieea]". 
To  these  rocks  Murchison  (ISr^'i,  4f>-r>2)  had  pre\'iously  applied  the  name 
Lower  Silurian,  but  owing  to  the  controversy  between  Murchison  and  Sedg- 
wiek  aa  to  the  delimitation  of  the  nanea  Cambrian  and  Silttrian  it  haa 
seemed  best  to  most  geotogista,  especially  in  Ani«riea«  to  adopt  Lapworth'a 
suggestion. 

Main  snbdivtsiona.— The  geologists  of  the  first  geological  anrvey  of  New 
York  -Emmons,  Mather,  Hall  and  Vanuxem — subdivided  their  *^«w  York 

System"  into  formations  to  which  they  f^ave  f^eoR'raphic  names,  SVCh  aa 
Potsdam,  Chazy,  Trenton,  Niagara,  etc.;  and  later  grouped  these  formations 
into  divisions  known  as  the  Champlain,  Ontario,  Helderberg  and  Erie  divisions. 
Unfortunately,  owinpr  to  the  prior  publication  of  the  names  proposed  by 
Murchison  and  Sedgwick,  (Cambrian,  Silurian,  Devonian)  these  New  York 
division  names  fell  into  disuse  until  Clarke  and  Sehnehert  attempted  to  revive 
them  in  1809  (189i),  874-878).  It  has  not  been  possible,  however,  to  COOnteract 
the  force  of  priority  and  long  u.suge  back  of  the  British  names. 

On  the  other  hand  there  has  been  some  success  in  the  attempt  to  use  the 
!iames  of  the  New  York  divisions  in  a  somewhat  subortlinate  sense,  and  in 
this  sense  the  name  Champlain,  for  example,  has  been  suggested  and  used  by 
Sdiuehert  (1915)  and  Grabau  (1921)  for  the  middle  Ordovieian  rocks.  In 
their  1899  paper  Clarke  and  Schuchert  proposed  to  call  these  rocks  Mohawkian, 
a  name  that  has  been  in  rather  common  use  in  American  literature  ever  since. 
This  name  is  preferred  in  the  present  report,  and  is  made  to  include  the 
rocks  from  the  Chazy  to  the  top  of  the  Trenton. 

The  Mohawkian  is  in  turn  divided  into  the  Chazy,  Lowville,  Black  River 
and  Trenton  series,  and  of  these  only  the  extreme  upper  part  of  the  Trenton 
ia  exposed  in  Indiana  (the  Cynthiana). 

The  name  Cincinnatian  was  approved  by  Clarke  and  Rrhiirhert  (1899) 
for  the  upper  division  of  the  Ordovieian,  and  has  been  in  general  use  ever 
since.  The  term  ''Cincinnati  groop"  had  long  previously  been  in  use  for  the 
upper  Ordovieian  of  the  Ohio  valley.  The  Cincinnatian  is  again  subdivided 
into  the  Utica,  Eden,  MaysviUe  and  Richmond.  All  of  these  with  the  excep- 
tion of  the  Utica  are  present  in  Indiana. 

The  principal  souixe  of  infoimation  on  the  Oiiio\  ician  rocks  of  Indiana 
is  in  the  papers  by  Cuminjjs  (11)01.  umib.  1908,  191:1)  and  Foerste  (1897, 
1903b,  1904a,  l»Or.,  1909c,  iy09d.  1910,  1912,  1912a). 


Tr£NTON. —  (Point  Pleasant,  Cynthiana).  While  the  Trenton  formation 
has  Ions  been  recognised  as  the  diief  oil  and  gas  rode  of  Int&ana,  it  was  not 
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till  the  publication  of  the  1904  mup  of  Indiana,  and  the  accompanying  sum- 
mary of  Indiana  gfeological  formations  that  Foerste  (1904b,  22)  announced 
the  presence  of  Trenton  outcrops  in  Switzerland  Cktunty.  The  oil-bearing 
rock  is  undoubte<ll.v  considerably  lower  in  the  Trenton  fomuitioii  than  the 
beds  outnojiiiinc  in  Switzorland  County. 

The  name  Trenton  was  liisl  used  by  Vanuxuni  (1837)*. 

As  early  as  1829  Vanuxem  (1829,  256)  called  attention  to  the  resemblance 
between  certain  rocks  of  the  Ohio  valley  and  the  rocks  of  Trenton  Falls,  New 
York;  and  the  blue  limestones  of  Cincinnati  and  vicinity  were  thought  by  him 
and  by  Conrad  (1841,  27),  to  be  the  western  continuatjon  of  the  "black  lime- 
stones of  Trenton  Kails".  The  fir.-«t  leally  definite  correlation  of  an  Ohio 
valley  formation  with  the  Trenton  was  by  James  Hall  (1842,  61),  who  so 
correlated  the  rocks  seen  at  low  water  of  the  Ohio  at  Newport,  Kentucky, 
and  now  known  as  the  Point  Pleasant  beds. 

Conrad  says  (1842,  228-2G5)  the  Trenton  forms  "the  bed  of  the  Ohio 
from  Cincinnati  to  Louisville".  He  was  mistaken;  but  it  does  form  the  bed 
of  the  river  at  Cincinnati,  and  again  between  North's  Landing  and  Florrace, 
Indiana. 

Point  I'tctutaiit  Bedn.— In  1873  Edward  Orton,  Sr.  (1873,  370),  proposed 
to  call  the  rocks  along  the  Ohio  river  16  to  20  miles  above  Cincinnati  the 

Point  Pleasant  beds  from  the  town  of  that  name  on  the  river.**  These  beds 
were  supposed  to  be  below  the  "River  Quarry"  beds  (Orton,  1873,  371)  at 
Newport.  Linney  (1882)  says  the  stone  quarried  at  Point  Pleasant  is  the 
equivalent  of  the  Gray  limestone  in  the  upper  part  of  the  Trenton  of  New 
York.  In  1SS8  (188S.  T))  and  ajrain  in  188!»  and  1890  (1889,  54^;:  18'.»0.  12) 
Orton  recognized  the  Trenton  age  of  these  Point  Pleasant  beds.  Lli  ich  (1888, 
807,  and  footnote)  eaya  the  beds  "Xl-a"  of  his  section  "are  nearly  equivalent 
to  the  IJiver  Quar-y  beds  of  Prof.  Orton",  and  that  the  whole  thickness  of 
these  beds  may  be  seen  "near  Point  Pleasant".  He  is  not,  however,  certain  as 
to  the  exact  position  of  the  Point  Pleasant  beds.  In  the  report  of  the  1879 
Committee  of  the  Cincinnati  Society  of  Natural  History  on  correlation,  it  is 
stated  that  the  Trenton  group  is  not  exposed  at  Cincinnati,  but  is  probably 
"represented  in  the  banks  of  the  Ohio  river  a  few  miles  east  of  the  city" 
(Miller,  1879,  19^1-194). 

J.  F.  James  in  1891  (1891,  104)  concludes  that  "as  far  as  present  informa- 
tion goes,  there  .«eems  to  be  no  more  reason  for  assigning  the  Ptoint  Pleasant 
beds  to  the  Trenton  than  there  would  be  in  making  a  similar  disposition  of  the 
lowest  beds  at  Cincinnati".  He  conclude^  that  the  Point  Pleasant  beds  and 
those  at  Ludlow,  Kentucky,  (opposite  Cincinnati)  are  of  the  same  age.  "There 
is  no  good  reason  to  say  that  the  Trenton  outcrops  at  the  surface  at  any 

locality  within  h«M-  [Ohio's]  borders". 

Neverthele.-s,  Orton  in  volume  VII  of  the  Ohio  survey  (189.3,  5)  again 
refers  the  beds  to  the  Trenton,  and  this  correlation  is  adopted  hy  Winchell 
and  Ulrich  in  the  fJeology  of  Minnesota  (1897,  xcviii)  and  by  Nickles  in  the 
Geology  of  Cincinnati  (1902,  52-60),  as  well  as  by  Prosser  (190.%  3,  35), 
Batisler  (1906,  8),  and  others.  Nickles  (19(NI,  19)  in  a  later  impcr*  and  A. 
M.  Miller  (1919,  30)  refer  the  Point  Pleasant  beds  to  the  Cineinnattan. 

*U  is  credited  by  WroU  (IOOlM  Ui  Vaiiuxpm.  IttiO. 

**  Wecki  mistakenly  crvdit*  the  names  to  James.  1891.  Proc.  Am.  Assoc.  Adv.  Sd..  v«l.  40. 
p,  US:  mad  Jour.  Gin.  Soc  Nat.  MM.,  wl.  14«  p.  M. 
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CvKthioMn. — ^The  fint  to  correlate  the  limestone  beds  at  river  levd  near 

Patriot,  Indiana,  with  the  Point  Pleasant  beds  of  Ohio,  was  Focrste  (1905, 
151).  In  1906  Fo«rste  (1906,  10,  13)  proposed  the  name  Cynthiunu  for  certain 
beds  eappinft  the  Trenton  rocks  of  Kentncky,  and  included  under  this  designa- 
tion the  Point  Pleasant  beds.  He  places  the  rvnlhiana  in  the  (' i ncinnatian. 
A.  M.  Miller  (1919,  30)  maps  the  outcrop  near  Wuiiiaw,  Kentucky,  (opposite 
Patriot)  as  Csmthiana.  Followinig  Foerste,  he  subdivides  the  formation  into 
the  Greendale  and  Point  Pleasant  beds.  Focrste  (lltofi,  10)  correlates  the 
Cynthiana  with  the  lower  Winchester  (Campbell,  1898).  Nicldes  (1905,  15) 
also  correlated  the  Point  Pleasant  with  the  Winchester.  Foerste  later  (1912, 
23;  1912a,  430)  uses  the  name  Catheys  (Campbell,  1898)  in  place  of  Cynthiana, 
while  Miller  (1915)  says  the  Cynthiana  is  in  part  equivalent  to  the  Catheys. 
According  to  Bassler  (1915)  the  Cuthey.s  is  uU  older  than  any  part  of  the 
Cynthiana.  He  also  ref;ard.s  the  latter  as  a  member  of  the  Trenton,  rather 
than  of  the  Cincinnatian.  A.  M.  Miller  (1913.  19ir,,  1!)17,  1919)  places  the 
Cynthiana  in  the  Cincinnatian.  Fenneman  (1916,  6U,  til)  places  it  in  the 
Trenton  and  says  the  upper  60  feet  or  more  in  the  Cincinnati  region  contains 
much  shale.  Beneath  the  .shaly  part  are  60  feet  of  limestone  (Point  Pleasant 
limestone).  A  fragmental  limestone  caps  the  Cynthiana.  Fenneman  thinks 
this  fragmental  limestone  represente  a  redeposited  portion  of  the  Cynthiana 
cau.-<ed  by  an  invarHtijr  sea,  and  th;it  the  Cynthiana  was  elevated  and  eroded 
slightly  before  the  deposition  of  the  Kden.  Ninety  per  cent  of  the  fossils  of 
the  Cynthiana,  he  says,  fail  to  reappear  in  the  Eden.  Raymond  (1916,  258)  ^ 
regards  the  Cynthiana  fauna  as  "very  clDsely  allied  to  that  of  the  Erlen  and 
Maysville".  In  his  correlation  diagram  on  page  257,  and  again  on  the  chart, 
plate  8,  he  places  the  Cynthiana  opposite  the  Stewartville  dolomite  of  Minne- 
rata,  Upper  Picton  of  Ontario,  and  Utica  of  central  New  York.  Linney  as 
far  back  as  1882,  referred  the  formation  to  the  Hudson.  I  have  followed 
Ulrieh,  Bassler  and  Fenneman  in  placing  the  Cynthiana  in  the  Mohawkian. 

In  1906  Baaaler  (1906,  8,  9)  used  the  name  Bromley  for  what  appears 
to  be  the  lower  part  of  the  Cynthiana;  and  in  1919  Foerste  (1909c,  210)  pro- 
posed the  name  Nicholas  for  the  up|(er  part  of  the  rocks  at  Point  Pleasant, 
formerly  called  Point  Pleasant.  Bassler  (1915,  1919)  divides  the  Cynthiana 
into  Greendale,  Bromley,  Grat7  and  Holers  (lap  (in  the  ascending  order). 
He  regards  it  as  higher  than  the  Cuthcys  and  correlate.s  it  with  the  Colling- 
wood  of  Ontorio  and  upper  part  of  the  Schenectady  beds  of  New  York.  This 
place.s  it  considerably  higher  than  the  Stewartville  and  Picton. 

Description. — The  Cynthiana  outcrops  in  a  narrow  belt  along  the  Ohio 
river  in  Switserland  County  between  the  towns  of  Florence  and  North's 
Landing.  It  is  about  HO  foot  thick  and  consists  of  dark  blue  to  ^v.xy  layers  of 
limestone  from  a  few  inches  to  a  foot  or  more  thick.  It  is  quite  fussiliferous. 
The  following  species  are  diaraeteristie  of  the  formation: 

Aoelarriniti  t  vt  tudtiut  I''ix-i^ti>.  Hurania  /r'l iW,  n 1 1  r .  i» » i I'liu  h.  Calitim  txf  ahbm-itltm  FocratC 
Columnaria  alvioiata  inti m  ntn  Y'lievMe,  ('.  almildtit  hiihiiiki  KcH-rste,  CiniMtrtlarii  tmOfloUi 
Ulrirh  und  Bai«l»'r,  C  f»h<ri  iririch,  Cti  i>iimra  i<i>alu>»a  Dir..  C>iiibolr>ii>a  frankfortnuM  Ulrich 
tinii  BuftHli-r.  Ih-kayrtla  I  Hrlerotryiiul  foUaera  V.  un<l  li.,  HrhettrlUi  uiai'ia  $Hirkfiuia  Focrate, 
Peronepora  millcri  Nicklc^.  PMwttropkim  tathieiuia  Vi>cr>tp.  P,  prrtnrtor  Foerate.  P.  preeunur 
latiftrmia  MeBwan.  P.  prrmrmr  amgmMm  MeEwsn.  />Jrrbifl*60ii<l«  twriamUtnulM  Floente. 
X^neaqmma  drMrk  (Jamn),  H.  whukettrrnuh  FoerBte,  SmeetMtponala  mdra  Ulrich.  «imI 
Xwo'pint  obnolfta  (FncntU-i. 


Trenton  (?)  of  t/te  Kentluud  dome.— In  1883  CoUett  (1883,  58,  69)  men- 
tioned fossils  from  the  inclined  strata  in  the  "Niagara  dome"  east  of  Ketitr 
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land»  Indiana,  which  on  the  authority  of  Mr.  G.  K.  Greene  of  New  Albany, 

he  identified  u^:  of  Ordovician  ag^i  and  he,  therefore,  referred  the  locks  in 
question  to  the  Ordovieian.  This  reference  was  repeated  in  the  15th  Indiana 
report  by  Gorby  (1886,  236).  Mr.  Greene  always  insisted  that  the  fossils  in 
question  were  Ordovieian  forms,  a  view  which  was  not  favored  by  nMMt  of 
the  freolofnsts  who  ^aw  ihe  Incality.  It  appears,  however,  that  Greene  was 
correct,  and  I  understand  that  Foerste  now  regards  the  rock  containing  the 
fossils  as  of  Trenton  age.  This  is  interestinur  as  the  only  instance  in  all 
northern  Indiana  of  an  nutrro])  of  Ordovieian  rocks,  and  sheds  new  iig^t  on 
the  question  of  the  origin  of  the  "Niagara  domes".* 


History  an  l  cun  •  l.itinn. — The  name  in  thi.*^  form  was  fu  -t  u-id  by  Clarke 
and  Schuchert  (18Ui>) ;  but  the  name  Cincinnati  group  or  formation  had  been 
in  use  for  nuiny  years,  havintr  been  formally  proposed  by  Meek  and  Worthen 
in  1865  (1865,  15.')).  Week.';  (1902)  credits  the  term  "Cincinnati  limestone" 
to  Mather  1859,  but  this  cannot  be  considered  as  a  formal  proposal  of  the 
name. 

The  rocks  outcropping  ut  Cincinnati  were  described  as  far  back  as  1815 
l>y  Daniel  Drake  and  again  by  the  same  author  in  182">  in  a  "Geolofrical  ac- 
count of  the  Ohio  valley"  (182.'i,  124-139).  In  1829  Vanuxem  coriclated  these 
rocks  witk  the  Trenton  of  New  York  (1829,  256).  The  *%hie  limestone**  of 
southwestern  Ohio  was  atrain  tloscribed  by  I.ocke  in  1838  (1838,  207)  and  by 
Ciapp  in  1843,  and  correlated  with  the  Caradoc  of  Wales.  It  was  correlated 
by  Conrad  (1841,  27)  with  the  Ihnestone  of  Trenton  Falls. 

In  1842-4f'.  Hall  recognized  the  Trenton  at  river  level  nrar  Cincinnati 
and  therefore  correlated  the  main  mass  of  the  "blue  limestone  and  marlite" 
with  tile  Hudson  formation  of  New  York  (1842.  81;  1843,  267-29S).  Vanuxem 
(1842,  14)  say.s  that  the  "lowest  mass  observed  in  the  state.s  of  Ohio  and 
Indiana,  for  example,  belongs  to  the  upper  part  of  the  Champlain  division 
of  the  New  York  system  and  extends  from  the  Trenton  limestone  to  the  top 
of  the  sandstone  and  shale  of  Pulaski.  It  is  concluded  to  be  one  muss;  CMi- 
tains  the  fossils  of  these  two  periods  the  lower  part  called  the  blue  limestone, 
the  other  the  blue  marlite".  Owen  (1844)  correlated  the  "blue  limestone" 
with  the  Trentrai,  Utica  and  Hudson  river  groups,  and  substantially  the  same 
correlation  has  prevailed  down  to  recent  years. 

The  name  Cincinnati  group,  proposed  by  Meek  and  Worthen,  was  objected 
to  by  certain  geologists  on  the  ground  that  the  rocks  at  Cincinnati  and  vicinity 
had  been  shown  to  ho  exactly  equivalent  to  the  so-called  Utica  and  Hudson 
river  formations  of  New  York,  and  in  1879  a  committee  of  the  Cincinnati 
Society  of  Natural  History,  with  Mr.  S.  A.  Miller  as  chairman,  propoeed  to 
drop  tiie  name  Cincinnati  and  use  the  names  L'tica  and  Hudson.  This  leport 
was  adopted  by  the  Society,  though  not  without  the  protest  of  Mr.  U.  P. 
James,  who  continued  to  use  the  name  Cincinnati  group  (1879,  27-28).  Mr. 
Miller,  himself,  had  earlier  used  the  latter  name  (1874,  97-115).  Writing 
in  1881,  however,  he  calls  Cincinnati  a  synonym  of  Hudson  river  group  (1881, 
268).   Neverthelcas,  though  most  geologists  came  to  speak  of  the  Cincinnati 

*  In  a  paper  piMlilwd  Bftcr  tlili  nonolr  wu  In  the  h»ni»  «t  the  priatw.  Vbmte  dceeribn 
Mvml  eephafavedi,  and  Itati  other  foeiile  tnm  gentkwJ.  He  eorrdatei  the  roehe  with  the 
Bkck  River. 
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rocks  as  the  Hudson  formation,  the  name  Cincinnati  group  or  formation  was 
often  used,  as,  for  example,  by  Foerste  (1885),  Hall  and  Sardeson  (1892), 
Winchell  and  Ulrich  (1897),  Kindle  (1898),  J.  F.  James  (1891-1896),  Newsom 
(1898),  Clarke  and  Schuchcit  (IS'K)),  Orton  (18S8,  1S89).  Walcolt  (1890, 
.']3r.-ar>n)  urged  the  use  of  Hudson,  and  Winchell  and  Ulrich  (1897)  used  both 


In  the  meantime  the  shales  of  the  Hudson  valley  had  been  subjected  to  a 

careful  restudy  undor  tin-  auspices  of  the  New  York  geolofrical  sur\-('y,  and  in 
1901,  Huedemann  announced  (1901,  564-568)  that  the  typical  Hudson  shales 
are  older  than  the  Lorraine,  Pttlaski,  etc.,  of  western  New  York,  with  which 
they  had  been  correlated,  and  that  in  fact  nearly  the  whole  of  the  Ordovician 
is  represented  in  the  f;reut  shale  series  of  eastern  New  York.  The  name  Hud- 
son was  therefore  d  t  opped  and  since  1901  practically  all  Reologists  have  used 
the  term  Cincinnatian.  (See  for  example,  Nickles  1902,  1903,  1905;  Ulrich, 
1004,  etc.;  Foerste,  1905,  1906,  etc.;  Cumings,  1908,  1913;  Bassler,  1906,  etc; 
SchuciuMt,  Ulrich,  etc.) 

Rue<lemann's  results  have  been  .Hi^rnally  verified  by  his  later  exact  studies 
in  the  Hudson  and  Mohawk  valleys  (ISITi).  It  is  likely  that  nothing  later 
than  Trenton  is  present  in  the  shales  of  the  Hud.son  and  Mohawk  valleys. 
Attention  should  here  be  called  to  the  fact  that  Worthen  (1866,  137)  in  cx- 
plninintr  why  he  propo.sed  the  name  Cincinnati,  said  "A.s  it  is  now  acknowledged 
that  the  rocks  along  the  Hudson  river  valley  to  which  the  name  'Hudson 
River  Group*  has  been  applied  belong,  as  long  ago  maintained  by  Emmons, 
to  a  different  horizon  from  the  so-called  Hudson  river  rocks  of  western 
New  York  and  the  states  farther  westward,  it  seems  to  be  an  awkward  mis- 
nomer to  continue  to  apply  the  name  'Hudson  River  Group'  to  these  western 
deposits".  And  ajjain  (ISfiGa,  xv-xix)  he  suggests  that  the  rocks  of  the  Hud- 
son valley,  claimed  as  true  Hudson  by  Hall,  may  be  Trenton.  The  description 
of  the  Cincinnatian  will  be  given  under  the  discussion  of  its  subdivisions. 

Subdiviaiona. — Prior  to  1873  the  Cincinnati  rocks  were  not  subdivided 
into  separate  formations,  thoujrh  in  1842  Hall  recnj^mized  Utica  fossils  in  the 
shales  of  the  old  First  Ward  at  Cincinnati;  and  the  Cincinnati  collectors 
thwraafter  were  disposed  to  apply  the  name  Utica  as  well  as  the  naoM  Hudson 
to  the  Cincinnati  rocks.  In  1873  Orton  (1873,  370-371)  subdivided  the  Cin- 
cinnati rocks  into  the  Point  Plc<usant  bvds  (q.  v.).  River  Qtuirri/  beds,  Eden 
8h<ile»,  Hill  Qwnrry  beH*  and  Lebtnum  bed».  These  are  about  equivalent  to 
the  Cynthiana,  Eden,  Maysville  and  Richmond  of  the  pir  ont  classification. 
The  River  Quarry  beds  are  included  in  the  present  paper  under  the  Cynthiana 
formation  (q.  v.).  « 

Eden  and  Utica. — Orton's  Eden  shales  included  at  the  base  the  beds 
called  I'tica  by  Hall  and  extended  up  through  the  2M)  feet  of  shales  to  the 
conspicuous  limestones  cupping  the  hills  at  Cincinnati.  In  1888,  Ulrich  pub- 
lished in  the  American  Geologist  an  -extensive  paper  on  the  stratigraphy  and 
correlation  of  the  Ordovician  of  Kentucky  and  Ohio  (188S)  and  included  the 
Eden  beds  in  his  division  Xl-b,  correlating  the  beds  with  the  black  shale  of 
the  Findlay  oil  wells  (see  Orton  1888,  1889;  Phinney  1891).  He  says  (toe,  eit. 
?>li>)  "These  shales  [in  the  Findlay  well]  because  they  are  black  or  brownish 
and  contain  Leptobolug  imignis,  have  been  correlated  by  Professor  Orton  with 
the  Utica  shale  of  New  York*  .  .  .  judging  from  the  positicm  held  by  than 
and  from  a  series  al  drillings  kindly  sent  me  by  Professor  Orton,  I  ftdly 
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concur  with  him  in  thus  phicing  them".  In  volume  VI  of  the  Ohio  sun'ey 
(1888,  8),  Orton  notes  that  the  Uticu  shale  of  the  wells  thins  to  the  south- 
ward, and  expresses  doubt  as  to  the  presence  of  the  Utica  in  the  Cincinnati 
section.  Nevertheless,  the  nnmo  Utica  was  applied  to  the  Eden  shale.s  in  the 
Geolofrj'  of  Minnesota  (18!*7,  Ixxxix,  cii)  l>y  WinchcU  and  Ulrich,  and  there- 
after came  into  common  ui>c.  (See  Blatchlcy  and  Ashley  l8'J8a;  Cuming.s 
1901,  1908;  Niekles  1902,  1908,  1905;  Foente  1904a;  Ulridi  mid  Sehuehert 
1902;  Ulrich  1904;  Bassler  190:5;  Ellis  1906;  Ward  1908;  Bifrney  1916). 

In  1905  Foerste  proposed  a  return  to  Orton 's  name  Eden  (1905,  150), 
and  the  latter  name  has  been  in  common  vm  ever  since.  (See  later  papers 
by  NIckles,  Rasslor,  Cuniinjfs  Prosser,  Foerste,  Ulrich,  Sehuehert,  etc.).  In 
a  later  paper  Foerste  (1909c,  210)  says  "The  Eden  was  described  by  Orton, 
but  formerly  included  also  the  Mt.  Hope  beds  now  referred  to  the  Maysvilla" 

For  the  green  shales  seen  immediately  above  the  Trenton  (Cynthiana)  in 
the  old  First  Ward  of  Cincinnati,  and  containinp  .=everal  Utica  species  (Triurth- 
riiH  beeki,  Leptobohut  insigni»)  Foer.stc  (190.5,  UA)  proposed  the  name  Fulton, 
from  the  present  name  of  the  Fir»t  Ward.  This  name  has  been  in  common 
use  ever  ."^ince  that  date.    The  Fulton  bed  is  not  present  in  Indiana. 

Still  a  different  arrangement  of  names  is  given  by  Fenneman  (1916,  63) 
in  his  CSeology  of  Cincinnati,  where  be  uses  the  name  LaUmia  shale  for  the  200 
or  more  feet  of  >hale  above  the  Fulton  and  below  the  Maysville,  and  says  this 
name  will  be  used  in  the  forthcoming  Cincinnati  Folio  of  the  U.  S.  Geological 
Survey.  He  uses  Eden  for  the  combined  Fulton  and  Latonia  shales. 

In  his  paper  on  the  GeolojTj-  of  Cincinnati,  Niekles  (1902)  divided  the 
Eden  into  three  faunal  zones,  called  in  ascending  order,  the  Anpidoparu  new- 
ben-yi  (80  ft.),  Batonofoma  jamem  (120  ft.)  and  Dekayetla  ulriehi  (60  ft.) 
beds.  Later,  Bassler  (1906,  8-10)  propo.sed  the  names  Economif,  Soiithgate 
and  McMicken,  respectively,  for  these  three  divisions,  and  these  names  have 
come  into  common  use.  (See  later  papers  by  Bassler,  Ulrich,  Foerste,  Cum- 
ings,  etc.) 

The  H<ien  has  rnimitnnly  been  correlated  with  the  Frankfort  of  New  York 
(So,  Ulrich  and  Sehuehert  1902,  (i43;  Ulrich  1904,  90;  1911,  etc.;  Bassler  1915; 
Raj^nd  1916).  Foerste,  on  the  other  hand.  (1916,  10-13)  says  the  slmles 
in  the  "Gulf"  at  Lorraine,  New  York,  "up  to  within  a  short  distance  of  the 
level  of  Lorraine  village  correspond  approximately  to  the  Eden  division  of 
the  Cineinnatian  seriea  of  rocks.  .  .  .  This  suggests  the  division  of  the 
Lorraine  into  at  least  two  divisions,  an  upper  and  a  lower  one,  the  lower  in- 
cluding the  Eden  part.  .  .  .  [The]  Eden  division  cannot  be  identified 
with  the  Frankfort,  now  that  the  fossil  content  of  the  Frankfort  has  been 
worked  out  by  Dr.  Rue<lemann  [1912,  .14-^7].  .  .  .  The  Frankfort  may  be 
regarded  as  above  the  Uticu  but  below  the  typical  Eden."  (See  also  Foerste 
(1914)  on  the  Lorraine  of  New  York  and  Quebec.)  In  his  late.st  correlation 
table,  however,  Ba.s.sler  (1919,  51)  still  correlates  the  Eden  with  the  Frank- 
fort. Grabau  (1921,  II,  28:1)  includes  (he  Frankfort  and  Pulaski  in  the  Lor- 
raine. Until  the  final  result.s  of  liuedemann's  work  are  known,  this  question 
must  remain  undecided.* 

'  Tluvr        still   MiiTif  ildiilil   IIS   t..   iIm    ai;p  of  thi-   t>  i>iial   Uticn   «h«Ie  of    Npw  York. 
Within  irrrnt  >«-ar»  a  cerUin  tendency  hua  dcvdofM?*!  to  consider  it  ms  a  abaljr  fades  of  the 
iii>i<er  Trenton.    See.  f«r  ewiiplc.  GnriMn  ISISa.  BX.303:  Ruedanairo  \9W.  44.  Rajmond 
248-261)  apiMan  to  CMTtkte  It  witb  nppar  Pfctaa  CCobnara)  aad  Cyathiaira. 
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Description. — The  Eden  formation  consists  of  about  200  to  240  feet  of  soft 

blue  to  jrreenish,  marly  shales,  which  weather  very  readily  to  marly  clays  of 
a  yellowish  to  Rfwiiish  color,  interstrutificd  with  occasional  thin  layers  of 
very  fossilifcrous  limestone  or  (occasionally)  of  sandstone.  The  shales  con- 
tain few  fossils  other  than  Rraptolitcs  and  trilobites,  which  are  soHMtblMS 
abundant.  The  fauna  of  the  linu'>t(>ne  layers  is  on  the  other  hand  very  pro- 
lific, con.si.stiui;  of  Uryozoa,  Brachiopoda,  crinoids,  etc.,  in  profusion.  In  the 
upper  or  HcMieken  lUviaion  there  is  an  increase  in  the  amount  of  limestone, 
and  several  species  of  fossils  (Dnlvmm  Hit  imilf'-^-rrfit  and  Hrfrmt riiixi  iih  ichi) 
occur  in  enormous  numbers.  The  best  localities  in  Indiana  for  the  study  of 
the  Eden  are  the  cuts  along  Tanner's  Creek  in  Dearborn  County,  near  Guil- 
ford, and  the  exposures  near  Vevay  and  Patriot. 

Faanm. — The  followinx  •peeics  arc  CFpeeiKlljr  charactcriBltc  of  the  Eden  of  Indiana: — 
CUmaeogrmpttm  lypiralii  Hall  (S>.*  /otri'iHw  raAmnfti*  Meek  amI  Wortbm  fSl.  NcrrUnw 
wfaw  Grlnnel  (8).  Amptrjtontn  penhmHia  NIcUm  (B.  8.),  A.  FMMf'onnit  (Nieb.) 
IB.  S.  M.).  A.  PeUmformv  trrlrhi  (Jamei)  (E.  S.  M.).  A.  Seplatm  (tJIrteliY  (M).  Arthropon 

riearetandi  (Jameii)  (E.  S.  M.t,  .\ilhrr>xl  'tlii'  (iiimx  (.famrs)  ( K.  S.  Mi,  t»jit'rfr.;i(iro  anolala 
Ulrirh    (St.    t.  nnihrriin    lNirh.»    (  K.  S.  M.K  Afitrtni.m  a  itnou'n  rin  ririih  nnd  Bh^^Iit  lli). 

A.  ilit^ntii  IMrirh  (SK  .1.  inhitD'iint  Cumini-'-*  Hnd  (irJlM\\a>  iMl.  .\ tnrtitp'*n  lUt  nfifitrutt  n^i* 
(Ulrich)  iE),  .1.  t  >ii'u-,i{ix  Ulr.  (K),  Uotontuma  ji»;>/>r<tr)ir»  iNirh.i  (K.  S.  M.)  H.  jaiiirti 
(Nicfa.)    (K.  S.  M.K  Koiif.a  tTMCMioM  Ulr.   (S).  Hiilhofoia  aftipoia    (Nirh.l    ( K.  S.  M.), 

B.  pomtlQ  (Jamca)    (S.  M.)  CrramnpartOa  triloba  Cuminics  and  Galloway  (M),  C,  (u6a(ot« 

C.  *  O.  (M).  CoeMevtu  mltrr»atum  (Janwa)  (S.  M.).  C.  rammtrnt  Ulrfcli  (B.  S.  M.).  Crepi- 
jwra  •intHlofW  Ulr.  fS).  C.  ventuta  <Ulr.>   (E).  Orkayia  ohaewm  (Ulr.)   (M),  P.  mmtvMm 

(Jamn)  (M).  THcranopora  tttfrki  (JiunM)  (S.  M.>,  HaUoiwra  oneMi  (JamM)  (B.  S.  M.>. 
//.  oifatli  Ill  IK  unit  (Jnirn-!-*  ( E.  S.  M.*.  //.  .i..n((i  tuiitUsrinitU  s  ( NlrVKil-ion )  (S.  M.>, 
Hrtrrutryiia  u'rirhi  Nioh.   (Ml.  flonintri/iia  cariatn  -'iitii  HhssIi-i'   iSt,  //.  (/((I'lro  CiimiriKS 

and  Galloway  (M».  I'l  rono/mra  nm  Nirklci  (S.  Mi.  (  /  ,iM/uiri)('..rri  lariolata  (fir.)  <  S.  M.). 
Prohoafino  cimfuta   (Nich.)    (S).  Rkynidiet»a  paralcUa    (Jiunes)    (S).  Utietoporrlla  jlcx*o*a 

(Junes)    (.s).  stiamatflbi  nMOeti  Ulrldi  and  Baader  (S).  Cronte  aOtni  MiU«r  (E.  S.). 

DaiiHonelta  ma'litrrla  (Meek)  (B.  S.  M.),  fV«ei«ni»«Htfe«  rngonu  (Meek)  (B.  8.  K.).  JBff^M- 
QMlaa  ao«Mi«i«  (Jamea)  (8.  M.).  fforiMComa  grtrilUt  (Hail)  (8).  OrAorrrau  laiMvwii  Hall 
(E),  AeUaajna  crratrpta  (Anthony)  (E).  Prortun  npurlorki  Mrek  (E.  S.),  nollitt  jtrrnulrata 
Ulr.  (8).  Bgtkoeupria  eytindrira  (Hall)  (S),  CrralopaU  onUiftrt  (Hall)  (E.  M.).  Primitim 
MHtrMa  Ulr.  IB). 

MAYSVII.T.K.  (Hill  Quarry,  Lorraine).  In  the  upper  part  of  the  Eden, 
layers  of  limestone  become  more  numerous,  and  finally  predominate  to  such 
an  extent  as  to  give  rise  to  a  conspicuous  bed  of  limestone  to  which  the  name 

Hill  Quarry  hrds  \va  n|.n!if  .!  by  Orton  (1873,  371").  He  says  (.?7r,)  that  in 
these  beds  "the  solid  rocli  (.limestone]  has  risen  again  to  as  high  a  propoilion 
as  one  foot  in  five  or  six  of  ascent",  whereas  in  the  Eden,  the  proportion  is 
seldom  more  than  one  foot  of  limestone  to  ten  feet  of  ascent.  Orton  evidently, 
tks  noted  by  Foerste,  began  the  Hill  Quarry  division  with  the  rocks  now  called 
Fairmount.  He  inves  the  thickness  as  150  feet,  and  evidently  indudei  in  it 
everything;  up  to  and  comprisin^^  the  highest  strata  of  the  Cincinnati  hills. 
The  "Lynx  bed"  of  Cincinnati  collectors  containing  Plnii/xtrofthin  ponderosa 
uubuntevniii  Foerste  ("Orthis  lynx")  and  expo.sed  on  the  Auburn  hills,  is 
regarded  by  ()>  ton  (p.  395)  as  the  top  of  the  Cincinnati  section  or  base  of 
the  Lebanon  division  (Richmond).  Thiis  bed  is  now  known  as  the  Mt.  Auburn 
formation. 

The  first  advance  over  Orton's  classification  was  the  proposal  of  WincheU 

and  Ulrich  (1807.  oil)  to  call  the  Hill  Quarry  beds  Lorraine  (Emmons  1842, 
119,  etc.)  correhitinjLt  thf  m  with  xhv  w.-U-known  formation  of  that  name  in 

•  Sii«SouUivate  ;  K= Economy  ;  M  iUMieken. 
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western  New  York.  While  this  oonrdation  of  the  Cincinnati  formation  had 
been  implied  in  the  former  us€  of  the  name  Hudson,  the  more  i-pccific  name 
Lorraine  had  not  previously  been  applied  to  these  rocks.  In  lUOO-lSOl  Com- 
ings proposed  the  faunal  desi^ations  Rufineitqfnna  and  Platystrophia  zones  for 
these  beds.  The  name  Lorraine  at  once  met  with  favor  and  appears  in  papers 
by  Nicklns  (I'.MVJ.  \W.],  litOa),  Bassler  (lOO.'i).  Fooistt-  (1902.  VM'.],  VMSh, 
lii04a,  b),  Cumings  (1908,  a.s  an  alternative  of  Maysvilic).  It  occurs  even 
in  reeent  tHtpers  by  ElUa  (19(M),  Ward  (1908),  Tneker  (1911),  Bignejr  (1916) 
and  Culbertson  (lOlfi).  Tn  1001  Focrste  also  suprcrostcd  the  faunal  names 
Plecttyrthui,  Plalyntrophia  and  Kafinesquinu  zones  (1904b,  23-24)  for  the  Lor- 
raine of  Indiana. 

In  his  irxi.')  paper  Focrstc  (ino.!,  l.'O)  pi-n]io<ed  to  drop  the  N'i  nv  ^'ork 
name  and  to  adopt  the  name  Maysvilic,  from  Maysville,  Kentucky,  for  these 
TodcB,  on  the  grounds  that  the  Cincinnati  roctcs  were  deposited  in  a  distinct 
province.  The  latter  name  has,  therefore,  been  in  conmion  u.^e  >iiice  that  date. 
(See  Nickles  1905;  Cumings  1908,  1913;  Foerste  1909c,  1909d,  1910,  1910a, 
1912,  1912a.  etc.;  Bailey  Willis  1912;  Schuchert  1910;  Ulrich  1911,  1914,  1919; 
Bassler  1915,  1919,  etc.) 

The  term  Corhifftnv  prorp  was  proposed  by  Bassler  (l!)Or>,  8,  !))  on  the 
suggestion  of  Ulrich,  for  the  combined  Utica,  Eden  and  Maysville  divisions, 
but  seems  later  to  have  been  discarded  even  by  these  authors.  In  1913  Cum- 
inps  suprpested  (1913,  J?54)  that  the  upper  )>art  nf  the  Maysville,  including 
the  Amhcim  formation,  commonly  included  under  the  Richmond,  might  appro- 
priatdy  be  eaUed  the  Hqrmon  formation. 

The  first  supsrestion  of  a  subrlivisinti  of  the  Maysville  series  into  named 
formations  was  by  Nickles  (19U2)  in  a  paper  on  the  "Geology  of  Cincinnati", 
though  Ulrich  (1888>  and  Cumings  (1901)  had  previously  suggested  sub- 
division on  faunal  );rrounds,  anrl  the  latter  author  had  nametl  three  faunal 
zones  corresponding  roughly  to  the  lower  middle  and  upper  divisions  of  the 
Maysville.  Nitides  (1902)  recoifnized  six  subdivisions  which  he  named  in 
the  ascending  order  the  M(.  Hoj'  (''0  ft.),  Fairnwunl  (80  ft.).  Belle luc 
(20  ft.),  Corryville  (60  ft.),  Mr.  Aubum  (20  ft.)  and  Wancn  (80  ft.). 
To  these  he  also  attached  faunal  names,  which  have  not,  however,  met  with 
much  favor.   These  formation  names  have  come  into  general  use. 

In  1!>0»1  Hassler  (190fi,  8,  10),  artinjj  on  a  suffpestion  of  L'lrich,  propo.sed 
to  divide  the  Maysville  into  two  formation..:  the  Fnii  vieir,  including  the  Mt. 
Hope  and  Fainmmnt,  and  the  MeMiUan,  including  the  Bellevue,  Corryville  and 
Mt.  Aubum.  The  W.irren  beds,  renamed  Arvluini  by  Foerste  (190,5,  l.'>0),  he 
places  in  tlie  Kichmond,  a  return  to  the  usage  of  Orton.  These  two  names 
have  been  used  by  these  authors  in  later  papers  and  by  Foerste,  Cumings, 
Fenneman  and  others,  with  Nickles'  naiiK  s  a<  suhiliv  i-ions.  Still  a  different 
grouping,  especially  applicable  to  Indiana,  ha.s  been  used  by  Cumings  and 
G«lIowBy  (1913,  354).  These  authors  follow  Bassler  in  grouping  the  Mt. 
Hope  and  Fairmount  together  a-  Fairvicw,  but  place  the  Corryville,  Mt. 
Auburn  and  Arnheim  together  as  the  Harmon  formation,  and  separate  the 
Bellevue  as  a  distinct  formation.  The  reason  for  this  change  is  that  in 
Indiana  the  Corryville  and  Mt.  Auburn  lose  their  distinctive  characters  and 
the  Arnheim,  esjieeially  in  its  lower  half,  is  faunistically  vety  much  more 
closely  related  to  the  Maysville  than  to  the  Kichmond.  Cumings  and  Galloway 
also  propoae  to  call  their  three  divisions  (from  bdow  upward)  the  PUetorthia 
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pUeatalln,  Rufinei-quina  ponderoaa  and  Rafineaquma  fraeta  lones.   (See  also 

Poerste,  iy04b.  21.) 

Mt.  Hope-Fair  mount  (Kaiiview) .— In  Ohio  and  the  region  of  Maysville, 
Kentueky,  tfie  Mt.  Hope  and  Fairmount  are  fairly  distinct  divisions  and  the 
base  of  the  latter  is  chaiartcrizoc!  by  a  ron.<pirunus  brd  containin}?  preat 
ntunbers  of  Stropliomt'na  planaconitxa.  The  Fairmount  is  predominantly 
blue  limestone  layers  wth  especially  heavy  beds  near  the  top,  while  the  Mt. 
Hope  is  mostly  soft,  marly  shale  similar  to  the  Eden.  In  Indiana  thiro  is 
less  distinction  both  lithologically  and  faunally  between  the  two,  though  the 
Fairmount  still  larjirely  consists  of  limestones,  some  layers  beingr  somewhat 
sandy  (dohnnitic  '.'),  and  there  is  no  sharp  boundary  between  the  two  forma- 
tions. The  combined  Mt.  Hope- Fairmount  in  Indiana  is  about  75  feet  thick. 
There  is,  furthermore,  no  sharp  lithologic  boundary  between  the  Mt.  Hope 
and  the  McMicken  .shales,  beneath  it.  The  fauna  also  shows  a  transition  from 
one  to  the  other,  such  very  common  "species  a.s  A  inph  yiipont  !<ri>lox<i,  I'erono- 
para  vera,  HuHopum  coinmunia,  DuhnuntiHu  MHltinvcla  and  Ph'clortliin  plica- 
tella  beingr  conmion  to  both.  Conaiennria  eomtettata  and  its  varieties  rathar  • 
constantly  cbaiaclerize  the  lower  part  of  the  division  and  mark  the  transition 
from  the  i:^den  to  the  Maysville.  (For  detailed  sections  the  reader  is  referred 
to  the  author's  1908  paper  on  the  Ordovician  of  Indiana.)  The  faunas  of 
this  and  the  other  divisions  of  the  Maysville  will  be  friviMi  at  the  close  of  the 
dicussion  of  the  Maysville.  The  best  localities  for  collecting  fossils  and  for 
the  study  of  tile  tiiidoiess  and  lithology  of  these  beds  are  the  railroad  enta 
aloncr  Tanner's  creek  in  Dearborn  County  and  the  outcrops  in  the  vicinity  of 
Lawrenceburg,  Aurora  and  Vevay.  The  top  of  the  Fairmount  is  well  ex> 
posed  in  the  quarries  in  Madison,  Indiana. 

BeUeme. — ^Thia  formation  was  Included  in  the  Plalyirophia  sone  of  the 
writer's  earlier  papers  (1901)  and  the  1001  paper  of  Foerste  (IWIb,  2^), 
and  constituted  the  Rafineaquina  poncU  ruaa  zone  of  Cumings  and  Galloway's 
l9tS  paper.  The  name  Bellevue,  as  already  indicated,  was  proposed  by  Niekles 
ny02,  S2).  The  fomiation  consists  of  irrepular  rubbly  blue  limestones  with 
shaly  partings  and  immense  numbers  of  fossils  which  freely  weather  out, 
so  that  beautiful  specimens  may  be  collected  in  abundance.  In  fact,  many  layers 
arc  a  veritable  coquina  rock.  It  is  in  striking  contrast  to  the  rather  heavy, 
and  much  less  fossiliferous,  layers  of  the  upper  Fairmount,  a  feature  espe- 
cially well  shown  at  Maysville,  Cincinnati  and  Madison.  In  fact  the  Belle- 
vue is  one  of  the  easiest  of  the  Maysville  formations  to  recognize  in  the  field. 
In  Indiana  it  is  also  conspicuously  set  off  by  its  fauna  which  is  characterized 
by  a  very  constant  a.ssociation  of  the  brachiopods,  I'lntynlrophiu  poudero.ta, 
P.  latieosta,  Rafinesquma  ponderoaa  and  HebtrtelUt  simuita  with  a  great 
abundance  of  the  Bryozoa  Hcfi mi ri/pn  frotulosfi.  Ha llnpnrn  -,-ii>iins-ii  and 
(usually)  MoHlicitlipnra  mummnlai<u  In  Ohio  and  Kentucky  the.se  species 
especially  the  Ptaty»trophiaa,  go  tip  into  the  Corryville,  but  in  Indiana  they 
do  not  occur  in  the  same  association  above  the  Bellevue.  According  to  Mi-s. 
McEwan  (1919,  402-4U3)  the  typical  I'lutyaltopkiu  potideroHu  Foerste  is  con- 
fined to  the  Bellevue,  though  several  varieties  are  found  both  below  and  above 
this  horizon.  The  best  locality  in  Indiana  for  the  study  of  the  Bellevue  is  at 
Madison  and  vicinity  (Clifty  Creek).  Many  good  exposures  may  also  be  seen 
near  Vevay,  Lawrenoeburg,  Aurora  and  Manchester  Station  (on  Tanner's 
creek).    The  formation  is  very  attractive  to  collectors  on  account  of  the 
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abundance  and  beauty  of  the  lai^e  brachlopods  Mid  BryOMW.    The  Bellevue 

is  about  25  font  thick  in  Indiana. 

Corryx'ille. — The  CurryvUlc  formation  in  the  Cincinnati  and  Mays- 
viUe  refoon  is  rather  shaly  bnt  somewhat  resembles  the  Bellevue  in  appear- 
ance, though  less  fossil  if eroii.s.  It  is  also  less  tubbly  and  there  are  a  pood 
many  well  defined  limestone  layers,  llis  fauna  also  strongly  re^iembles  the 
BellevQe,  oontainlnir  abundantly  aneh  common  species  a»  Rafiueaquina  fraeta, 

PUil ropliid  liiiirii;!l(i,  !'.  suhlalico!~tn,  P.  uiiirmitiitti ,  H('tfrolrii]m  f rotiffnsa, 
Hailoporu  mmom,  H.  lugonu,  Bylltojtora  gracilix,  Homotrypa  curmta,  etc. 
ChUoporella  flabelUUa  is  regarded  as  the  most  characteristic  bryozoan  and 
occurs  at  certain  levels  in  Kvvat  abundance.  Dj/thnpora  gracUif>  is  also  much 
more  abundant  in  the  Corryville  than  elsewhei-e.  RufineHquina  fmcta,  Am/tlex- 
opora  filiwta,  HtUhitora  nndrenrai,  Vckayia  apprvHsta  and  Heterolrifim  paupera 
are  common  and  rather  characteristic  fossils.  Cyelora  mhui/ii  i>  often  very 
abundant  in  the  hard  lime.-tono  layers  of  the  Coriyvillo.  In  Indiana  the 
I'latystrophiiLs  are  much  less  abundant  and  in  some  places  entirely  lacking  in 
the  Corryville,  and  its  resemlilance  to  the  Bellevue  is  far  less  striking  than 
in  Ohio  and  Kentucky.  The  nryozna  mentioned  above  nevertheless  occur 
rather  persistently  and  sei-\'e  to  identify  tlie  formation.  It  is  probably  not 
oiver  40  or  60  feet  thick  in  Indiana.  Foerste  says  (1904a,  90)  the  "Cornrvflle 
bed  at  Madison,  therefore,  cannot  excee<l  .")-!  feet  and  po.ssibly  may  not  exceed 
44  feet"  In  fact  Butts  (1915,  69)  does  not  regard  the  Corryville  and  Mt. 
Anbfim  as  present  at  all  in  tlie  Madison  section.  With  this  ofnnion,  Mrs. 
MiKwan  (1920),  who  has  made  a  very  careful  study  of  the  section,  does  not 
agree. 

Mt.  AHbum. — The  tops  of  the  hills  at  Cincinnati  arc  cappe<l  by  a  bed  of 
irregular  rubble  lime.^tone  containing  great  numbers  of  Platystrophia  ponr- 
denUtt  mihumcnsiy,  the  form  spoken  nf  )\y  Cuminprs  (190.*^,  '2fi-nO)  as  the 
Iterontic  I'lalyslruphm  lynx,  and  commonly  called  Orihiit  Lynx,  ("double  headed 
Dutdunan")  by  collectors.  These  rocks  were  accordingly  called  the  "lynx 
beds".  As  already  noted,  Orton  took  the  lynx  beds  as  the  top  of  his  "Cin- 
cinnati rocks  proper",  or  Eden  and  Hill  Quarry  divisions;  because  they  were 
the  highest  beds  exposed  at  Cincinnati,  and  not  because  he  regarded  this 
horizon  as  marking  any  strati^rraphic  or  faunal  break.  Nickles  (1!M)2,  Sfi) 
called  the  "lynx  bed"  the  Mt.  Aubtim,  from  the  Auburn  hills  in  Cincinnati, 
«^re  it  is  about  20  feet  thiclc  In  Indiana  there  is  no  such  bed  of  abundant 
PUity»Ur9phia  auhuntetiHUf,  and  only  occasional  specimens  of  this  variety  are 
found  in  the  rocks  capping  the  Corryville.  Other  common  Mt.  Auburn  species, 
however,  such  as  Coelocletna  otreni  and  Homotrifpa  pulehra  are  found  in 
abundance  through  several  feet  of  rubble  lime.^tone  at  this  level  on  Tanner's 
Creek,  and  this  hori/on  unfloubtedly  marks  the  level  of  the  Mt.  Aubiirn. 
Whether  the  Mt.  Auburn  is  present  at  Madison  and  vicinity  is  .somewhat 
doubtful,  though  aeeording  to  Mrs.  McEwan  (1920)  C^daeUmu  oweni  and 
other  members  of  the  fauna  oct-ur  there  at  the  appropriate  level.  Foer.ste 
says  (1904a,  i>U)  "At  Madison  only  three  feet  can  be  detinitely  assigned  to 
this  [Auburn]  bed".  Cumings  (1908,  636)  stated,  on  the  basis  of  the  absence 
of  Flatystrophia,  that  the  Mt.  Auburn  is  absent  from  the  Madison  section. 

Amheim. — Though  this  division  is  closely  related  to  the  Corryville-Mt. 
Auburn  in  Indiana,  it  is  considered  .separately,  on  account  of  its  distinctive 
characters  elsewhere,  and  because  of  the  doubt  as  to  whether  it  should  be 
placed  in  the  Maysville  or  Richmond  aeries. 
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As  stated  above,  the  formation  immediately  succeeding  the  Mt.  Arburn 
beds  was  called  Wancti  by  Nicklc^;  (li)U2,  86)  and  placed  in  the  Lorraine 
(MayBviUe).  This  disposition  of  the  formation  was  followed  hr  Baerier 
(lOOn,  ,-)r,7).  Niokles  (lOOH.  1905)  and  Foersto  (lOO.U,  1004b).  In  1905 
Koerstc  tinding  that  the  name  Warren  wa£  preoccupied,  proposed  the  name 
Amheim,  from  Arnheim  near  Georjgretown,  Ohio,  for  these  beds  (1906,  160). 
Basslor  and  Fnri>.tc  subsequently  jjlaced  the  Arnheim  formation  in  the  Rich- 
mond, a  usage  now  generally  adopted  (tfce  later  papers  by  Foerste,  Bassler, 
Ulrieh,  Sehaehert,  Miller,  Cuminf^  (1908),  McEwan  (1920).  In  1913  Ctim- 
ings  and  Galloway  (191.1,  .^SO-.'ifiO)  argued  that  the  fauna  of  the  Arnheim  in 
Indiana  is  dominantly  Maysville  and  so  again  placed  the  formation  in  that 
series. 

Koerstc  (1910,  1912a)  has  elaborately  investigated  the  Arnheim  in  Ohio, 
Indiana  and  Kentucky  and  divides  it  into  two  divisions,  ii  lower  or  Sunset 
division  (191U,  18,  19),  named  from  Sunset,  Kentucky,  and  an  upper  or 
Oregonia  division  (1910,  18),  named  from  Oregonia,  Ohio.  In  southern  Ohio 
oast  of  the  Cincinnati  axis  and  in  KmUii-ky  the  lower  division  i^^  calcareous, 
consisting  of  rather  .strong  beds  of  limestone,  often  ci-oss-bcddcd  and  some- 
times wave<marlced  and  (in  Kentnclcy)  rather  barren  of  fossils.  At  Amheim 
it  abounds  in  the  valves  of  Rufitirf^-tpntiti  iri<  r./nfn  often  standing  edgewise  in 
the  layers  of  roclc.  Foerste  iuiys  (lUlU,  19)  "It  is  suspected  that  this  lower 
part  has  ehwer  affinities  with  the  Mt.  Auburn  fauna  than  with  the  upper 
Arnheim";  and  aj^ain  (1912a,  429)  he  .says  that  the  lower  part  of  the  Am- 
heim in  southeastern  tihio  and  Kentucky  is  comparatively  unfossiliferous  and 
the  transition  to  the  upper  part  is  rather  abrupt.  This  level  may  be  traced 
with  greater  exactness  than  any  other  horizon  in  the  Richmond  on  the  east 
side  of  the  Cincinnati  axis. 

The  Oregonia  division  contains  Dinorlhin  caileyi  (L).  retrorsa  of  authors), 
Rhynekotrema  dentata  and  Lepfoena  riehmondensia  assodated  with  Pbi(y*> 
iio/thiti  jHitidcroya  vara,  and  certain  Richmond  Bryozoa  such  a.*!  PaJnxtnnia 
vnruiH.H,  HiUlopora  tfubnodosu,  etc.  East  of  the  Cincinnati  axis  and  in  Ken- 
tueky  it  is  usually  a  limestone  rubble  with  much  shale  and  f]uite  different  in 
appearance  from  Ww  .Sunset  beds.  The  cemhined  thickness  of  lower  and  upper 
Amheim  in  Indiana  is  at  least  80  feet.  West  of  the  axis  and  in  Ohio  and 
Indiana  there  is  m  such  lithologic  contrast  between  the  lower  and  upper  Am- 
hi  im,  the  lower  as  well  as  the  upper  part  containing  a  large  amount  of  shale 
and  large  numbers  of  fo.^sils.  Neverthele.ss,  the  faunal  contrast  between  the 
two  parts  is  well  maintained,  even  in  Indiana. 

The  Richmond  fauna  comes  in  with  the  invasion  of  Dinorthi*  earleyit 
Leplaenn  firlinioiKltntiit  and  Baioxioinn  vfninmt,  particularly  the  latter.  The 
fauna  of  the  lower  divi.sion,  especially  in  Indiana  and  Ohio  west  of  the  Cin- 
cinnati arch,  is  overwhelmingly  Maysville,  and  is  especially  noteworthy  for 
the  abundance  of  R>ifi»i'>f()tiiiin  fntrln  ;ind  such  species  of  Bryozoa  as 
Vekuyia  apprexm,  D.  inidtixpinoaa,  etc.,  and  Hvterotrypa  frondosa.  None 
of  ^ese  pass  into  the  Wasmesville.     The  Dekayias  with  the  exception 

of  D.  ohsriim  and  iiKirnldic  are  pre-eminently  Maysville  forms.  The 
abundance  of  Ra/iiunquinu  fiuclu  in  the  lower  Ainheim  of  Indiana  and  Ohio 
is  also  significant  since  it  also  is  a  characteristic  middle  and  upper  Mays- 
ville form.  On  the  other  hand,  the  Richmond  species  mentioned  above  are 
lacking  in  the  lower  Arnheim.  As  pointed  out  by  Cumings  and  Galloway 
(1913)  the  great  Richmond  invasion  comes  in  the  Waynesville,  which  pre- 
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scnts  an  almost  rompleto  faunal  contrast  to  the  Mnysvillc.  While  in  Ken- 
tucky there  is  evidence  of  local  dia«trophic  movements  preceding  and  during 
Arnheim  time,  the  widespread  readjustment  that  admitted  the  Richmond 
species  into  the  Ohio  basin  certainly  did  not  occur  earlier  than  the  upper 
Arnheim.  It  may  be  that  the  dividing  line  between  the  Maysville  and  Rich- 
mond should  be  placed  at  the  hase  of  tiie  OreRonia  beds  where  BatoaUma 
mritnis  first  appears.  It  should  not  be  placed  at  the  baNc  of  the  Arnheim. 
The  fact  that  the  lowest  Richmond  fauna  of  the  Ontario-Quebec  province,  as 
shown  by  Foerste  (1910,  Ofi),  is  of  Waynesville  age,  points  to  the  same  con- 
clusion. (See  also  on  the  Arnheim,  Scbuchert  11)10,  530;  Ulrich  1911;  1914, 
612;  Butts  1915,  39-45;  A.  M.  Miller,  1!)19;  Fenneman  1916.) 

FatlM  t)f  the  Mwysvillv.  Thi'  churacU'ristic  oiityi*-*  of  tho  MKy»vlllo  iir«?  h«  folloiw*:-— 
Ag^aerinitt.*  rinrinnatimitiM  (Riiemer)  (F.  B.  V..),'  Alton»ehia  >utnMi  (  Mm-K  i  <C).  Allonvrhia 
tubntuHda  Ulrich  (C),  AvipUixoporm  «mjifo  1/  *  B  (F.).  A.  eimgukUa  IJIrich  <F.  8.).  A. 
Hiatm  (D'Orbbnv)  (B.  G  A.).  A.  Mlwto  tJlrfdi  (MayvriHe).  A.  mptot»  and  nrietiea  (P.  H.). 
AmmMMtmta  pUeMm  UMeh  (C).  AptartkUm  mimmtktimm  HUH)  <lbyavDI*),  AnMOUa 
artrulattu  JantM  (F).  Artkropora  eimeinnatienaiii  (iamea)   fH>.  A.  AaStni  (Meek)  (Maya* 

ville)  ,  ,1.  hi. tutu  tritiili  il'.l.  ll<i(  f(»ji'»t,i  tiiiirnVitn  (lllrirh)  (F.),  AtaHoimi  ttta  multiarwKMU 
fUlruhi  ( F.  It.  C.  S.t.  .1.  (.>7"Mi  ( Nirli'iNiin )  I H.  C.  A.  S.i,  Hatoatoma  maynvHUntr  Nirkles 
IF.  C.I.  li.  firarilit  i  M:t>  ■  •.  i,  .'»',  i.fruit<i  lllrirli  ( H.  C.  S.).  Ccratntrporella  rU^hrirt/i  lllrirh 
iF.).  Hv»ionychia  aruttrngtrui  L'Iriih  (F.).  V.  alttolata  Ulrich  (C).  B.  imbrii-nia  L'Irich  (('.). 
B.  radiala  Hall  (Mnysvillc,  eU*.),  B.  praerurna  IMrirh  (F.).  Buthroiiara  dindrina  (Jamea) 
(F.  C).  B.  aracilia  (HaysvUle).  B.  atriata  Ulrich  (B.  C.  S.).  CtramporeUa  dutinria  IHrich 
(MaywrUb).  C.  pnmdom  Ulrich  (Mwwrille).  C.  uUUt  <Jana)  (P.  B.  C.  8.).  Ccrata^ 
<P.  a,  B.  9fmMt  OivCTlOt).  B.  atrfata  Ulrich  (B.  C,  S.).  CtrmmoporOa  diMtacto  Ulrfck 
(C.  8.).  CbOkrMphu  eetOcu  (IT.  A  S.)  (P.),  Co^orleiHa  owrni  (James)  (A.).  CotuttOarlm 
florida  irirUh  (H.  F.)  t=r.  .on.tt,  llata],  C.  florida  ;)r..min.  Ulrith  (H.  F.).  Cr,pip»n 
impriasa  VhU-h  (F.»,  C.  eivulam  Ulrich  IF.).  Ctenodcmta  nbliqua  (Hall)  I  Mnyivillp) . 
Cum  amiia  clliplira  Miller  I  f "  I .  C  iirlontma  graeile  Ulrich  (H.),  C.  ffr<"'il'  »lrialulum  I'lrirh 
(H.I.  (-.  hunuromm  Ulnch  (U.  C.  A.),  C.  fUetuatmtn  Ulrich  (S.).  C.  infUOum  IHrich  (F.), 
r.  mrdmic  LIrich  (F.).  C,  ajanrfaiu  Uh-leh  iO.  C.  mMmcve  Ulrich  (H.),  C.  traiurcrnm 
Ulrich  (F.).  CpmmbHutm  rtetm  Ulrich  <B.  O.  Cprttetrm  eom»IMe  Wctharhr  (P.),  CwrUUU* 
armlwt  Cton.,  (Hayavilto).  OalM«tt«ilB  /atmiMmtaMii  Foente  (B.).  Othayia  appmta  Ulrieh 
(P.  B.  O.  &).  D.  aapera  (M-E  A  H.)  (H.  P.).  D.  magna  CominB*  (B.  S.).  P.  multupintuM 
Ulrich  (C  S.).  Drtutrorrinu*  ctnci'nnadVnau  (Meek)  (P.),  Dieranopora  cmarrrata  (Nicholson) 
(It  I'.  V  r>  mrrKi  (Jamc?)  (Hi.  r>ii)rotr  vita  ir></«*M  (Ulrich  (F.).  KriHonvrhia  apieatit 
Ulrich  (F.I.  fHinn>opifrj/<i  lUrirh  (F.),  K»chan>j>ora  faleiformit  (Nicholnon)  (H.  F.),  E. 
tiiarulata  (Ulrich)  (F.),  A",  paronia  ( D'Otliiuny )  (H.  F.),  Attni>t<c*  m'mji/^x  Hiiule  (H.), 
aivpt'^TTiniu  dteadaei^mt  Hall  (F),  G.  rfvrrt  Heck  (C).  G.  tubgiobotua  (Meek)  (C),  Cow 
pHorrroM  rimemmotinut  Miller  (C).  O.  fdUH  MBicr  iC),  JSMfavwv  mmimmi  (MIolMlHn) 
(P.  B.  C).  H.  4aM  (M-E.  *  H.)  <H.  P.).  H.  MNWM  (JPOrUgiiy)  (B.  C  A.  8.).  H.  rupaam 
(M-E.  *  H.)  (B.  C.  A.  8,).  H.  nbplana  (Ulridi)  (H.  P.).  HOarUtta  atnuata  (P.  B.  C). 
#/cmtV«t(t(r«  iflrllatua  Hall  (F).  Hifrorrinu*  jHveni*  Hall  (C).  ttrti-rotrypa  frondota 
(D'Orhiirny)  ( F.  B.  C.  A.  S  ).  //.  initcria  (Ulrich)  (C).  //.  lohata  (CuminK*)  (H.  F.), 
//.  f<iu,.,i„  a'lrlch)  ir.i.  ;/.  fuUlaria  Ulrirh  (F  n.\  //.  nuhfrundnna  f  Cumin-..'*  I  (II.  F.), 
H.  Huhpulrh' lla  (NirluiUon )  (II.  F.».  llnmntriiim  rtitn  C.  *  (i.  IH.  F.I.  //.  rinrinnatirrutM 
Bai^tiT   (H.   F.).   //.  nirr-ifa   Uliich    ( F.  ».   C.I.  //.  dumtM>a   Bn.x.-lir    <H.  F.).  //.  flahMaria 

apinifrra  Baader  (F.),  //.  grandia  Bamler  (Umier  Mayiville),  H.  oMUma  Ulrich  (Majmrilla), 
ff.  palekn  BamtHtr  iC  A.  8.).  M.  apinaa  Onmliiii  A  OallOTnjr  <H.  P.).  Hwm<rwi«s  Mi* 
lOmlnsa  «  Oallowar)  (a  a  S.).  ImHum  nftmunw  (M.  A  W.)  (MaywriDe).  laaMte  «lfaa 
Dekagr  (Mayavltr).  laatthu  maxhmrn  ttoekt  (MajravBIa),  ftepUaealeua  iamtm  (R.  ft  W.) 
(Mayaville),  1,'ittotrupa  rnlmiln  (M.  *  II.)  (C),  L.  dmaeoidia  (.lnmP8)  (CL  /..  ixinitMa 
Ulrich  (B.).  /,,  prnata  Ulrirh  (C.l,  l.iufiulti  rinfinnaUenitU  (11.  A-  W.l  (F.I.  /,..jiA»»;)ira 
hir,,.ri„  Ifall  (.M'iy^vlllc>.  MiMii"l<Mli>n  olitu'uy  Ulriih  (B.).  M  (iu-mciMin  iHuII)  I  F.  B.  C). 
-Morfio/o/isifl  fa?i<  '  >  Miller  (F.),  M.  Modiula,  >■<  (C^inrn.ll  ( F.  I .  M.  nthfariilh  la  Ulrich  (F.), 
Moaticu'wMra  ci'i.  nimd.  hsu  (.Imncs)  (C).  A/,  mammu'ir  ;  (D'Oihitrny  I  ( F.  B.>.  NirhoUonrlla 
paapvli  (Ulrirhl    (Maysvillr) .  Ofi^lhofl'  ra  nms.ta  Uliich   I  K.  I .  Or/A  or.  r(i»  bnrnrsi  Miller  (F.>, 

•  P— Pairmounl.  H-Mt.  Hope,  B^Bcllevue.  C=CororvlUe,  A=Mt.  Auburn.  S—Lower  Am- 
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O.  vtrtH  Miller  <P.).  OrthMlMMC  jHmPtim  Ulridi  IC).  OrULmuMI»  /okm  Miller  (F.),  Or- 
tMf*tfH<!hMf«  riitnryf  (jMim)   (P.),  PrfandtNtre  vrre  (H.  F.>.  P.  dfrlplirM  fRamliiBer)  (B. 

A.   S.I.   /'<  fi(;ojn»ia  iii/ri   Iflrich    (B.t.         iifitaria    tllrich    (K.   B.   C.I,   T.  i>ftirh{ali» 

»Ni(h.)l-Miri»  ( Maysvillo) .  I'ltit  iml  n>iihin  jurimt  McEwHn  iH.  V.) .  P.  iiauri  itlirata  CuminKS 
(H.  I'- 1 .  /'.  "(nV'wn  MrKwiin  (  K.  I .  /'.  »ii7n/u  MtEwan  (K.l.  /'.  Kirx  i ./ n  i  ii.i.i  (Jnmi''«»  (C), 
/'.  rorri/riWi  MJir'u  Mi'Kwnn  KM.  /'.  »«f)/a<ijir.j;»><i  MrKwnn  iC.i.  /'.  /»tjiirit  »..«<i  Kd^rftc  (H.I. 
/'.  itondtroKt  auhurntnniii  Vwrstp  (A.>.  /*.  /i.nrfiromi  var<t  (Maysvillr),  /'.  iinifundoKutrala 
(Meek)  (H.  F.).  i>.  prvfumdonUnta  kopmaU  Focnt*  (H.I,  P.  rnMM  (Jmm*)  (F.  B.  C).  P. 
faticMla  Meek  (B.  C).  P.  mneottota  erwif<rrmim  MeBwm  (B.  O.  Pttciurthit  mmiuhtMa 
IbU  (F.),  P.  mtvti»aMa  tefier  Fwnto  (F.l.  P.  teqwhiaMa  prrvaaata  Foerate  (F.).  P.  Atri- 
eotta  fRall)  (F.).  P.  Jlwfrwrfe  trijih'Mtrrta  (Meek)  (H.  F.).  P.  nroUrf  iH,},  P.  ptUuMla 
(H.  F.>.  /'.  ixrloitlriala  (inrfell)  (F.).  Proetun  >. rH«,vi'u«  Hnll  KM.  /'roCoiMrtftia  ranrillata 
Hall  (II.  U.  C. »,  /'di/fH-anrfco  niHimfa  Ulrich  (U.i.  I'l-ntun  nnrntnatiiniii*  (M.  &  K.I  (F.l. 
I'liriigowrtoiDn  railiui  ( MoiK  I  iK.I,  /ifi/TiK  «<;M»«a  n/f.  mnfa  (Conrad)  (Maynvilli'l.  W.  alUr- 
Hala  niti  rnimlri'Ua  (Halll  ( May»-villft .  /f.  a/irrHaft  frarli  (B.  C.  S.).  W.  o/frrnafa  pondi  ro»a 
(B.I.  /C.  affiiiimula  (.lamm)  (K.),  Haiihialoma  halli  (Miller)  (F.),  Ilkyliuitta  romiirrima  Ulrleh 
(F.).  K.  emtrtjta  Ulrick  (F.).  A.  mkimIb  (M.  A  F.)  (O,  K.  prweiwto  Ulrich  (F.).  S|NUw|iora 
mprni  Ulrieli  IB.).  S.  limratu  Uiriek  <B.).  S.  mem-toM  Ulrich  (F.  B.  C).  S.  ttOmiMu 
(M>E.  A  H.)  <F.  C.I.  Stigntmlelta  aViromui  CominBa  *  Galloway  (F.).  5.  durhft  IJuBCe) 
(A.I,  S.  irrrflu'ari*  (lUrichl  rl^wor  Maysvtltp) .  .S.  nirklmi  V.  &  B..  ( K.  I .  .S.  urittaiu  OlDltllfni 
&  Cnllnwuy  |K.).  . n r.  j  ,i((iJ<t  (  iimifiys  ^-  (liillnwuy  { .S,  I .  Stioiihunn  ti  i  mafi»riU'-vnM  Foornte 
( F.  H.).  .S".  |i.'«iior(iiif.  jr?  Hall  (F.l.  .S'.  .unwila  Jami-*  I  F.  I .  Ti  rhnojihurux  inturi  Miller  <F.), 
T.  })Hn'tmtrial>t»  Ulrich  (F.l,  Tri  mittin  diirri  (F.l,  It  h i/.uixki  phtJadiforwi"  (llaD)  (MajW- 
Ville^l  /fi/f/oK/jiio  rinri nnal ii  H)t!i  M<-«  li   (H.  F.l.  Z.  uuxti  ila  Hnll   lMa>hvill<-.  i'tr,>. 

Richmond. — (Lebanon,  Madison.)  The  name  Richmond  wius  proposed  by 
Windiell  and  Ulrich  (1897,  ciii)  in  1897  ^or  the  Lehanon  beds  of  Orton 

(187.",  ''.!})  for  the  roa.-^on  that  thr  namr"  Lebanon  had  ah^ady  hrcn  us(»d 
for  an  older  Ordovician  formation  of  Tennessee. The  same  name  has  also 
been  used  by  R.  T.  Hill  <1899,  53-6)  for  a  Tertiary  fomation  in  Jamaica. 
Winchel]  and  Ulrich  (h>c.  ril.)  state  that  the  formation  is  "350  feet  thick 
in  wmthweBtern  Ohio  and  southeastern  Indiana  [and]  almost  the  entire  series 
is  excellently  exposed  at  Richmond,  Indiana."  This  is  hardly  trtie,  in  as 
mudi  as  only  the  Liberty  and  Whitewater  beds  are  8ccn  at  I'vu  hmrnd.  The 
Blkhom  is  however  e.xposed  within  u  few  miles  of  the  city  and  part  of  the  • 
Waynesville  may  be  .seen  ^ome  nine  miles  south.  It  is  unfortunate  that  the 
name  Lebanon  could  not  have  been  retained.  The  name  Richmond  has  been 
in  vr  n(>n'l  use  since  18!»7  (for  example,  Nic'.lc  1902,  1903,  190ri;  Forr.ste  1904, 
a,  b,  IJIO"),  iy05a,  lyOG,  1909,  c,  d,  e,  1910,  ^910a,  1912,  a,  b,  1916;  Cumings 
1908.  1913;  Bassler  1908,  1900,  1911,  19iri,  c'.c.;  MiUer  1919;  Penneman  1910; 
Bott."^  lfn.'>:  .Schuchert  liHO.  etc.;  Ulrich  IDM,  1914,  etc.:  M.  Y.  W^illiams  1919; 
Savage  1919,  etc.,  etc.).  The  tirst  detui'ed  work  on  the  Richmond  of  Indiana 
was  done  by  Foerete  (1897, 1898,  1900. 1930a)  and  Cumings  (1901).  Foerste's 
earlier  work  concerns  only  the  upper  par.  of  the  foi-mation  and  rccoK'nirc-  the 
M)-called  Madison  bed,  now  known  as  Saluda.  Cumings  gave  sections  of  the 
whole  thickness  of  the  formation  except  the  Elkhom  beds  and  part  of  the 
Whitewater.  He  s'.^jrjTt^sted  subdivision  into  faunal  zones  as  follows  (in  ascend- 
ing order) :  Dalmnui  'la  mecki  zone,  Sti-f>iihomcna  zone,  Rhjfnctrotrcmu  zone. 
The  first  two  have  been  adopted  into  the  literature  as  faunal  designations.  In 
Nickles'  1902  paper,  the  Richmond  is  divided  into  lower,  middle  and  upper 
divisions,  corre.«pondinp  in  a  ^'oncral  way  to  the  DnhnmcUa  wcrki,  Strophomena 
and  Kltynchotrtnui  bed.s,  and  the  Madi.son  beds  (as  he  supposed).  In  1903 
he  published  a  second  paper  dealing  emlvsiveiy  with  the  Richmond  stratig- 
raphy and  named  his  divisions  in  ascending  order:    Waynesville  (50  feet) 

*  Wecka  (IV02I  mioUk^nly  kivc*  the  credit  to  CmnpfacU  (18>8)  :  but  the  latter  credits 
the  iMune  to  Ulrkh. 
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(1{K)3,  20.-)),  Libert II  (35  feet)  (Ibid.  207),  and  Whitewater  (45-50  feet) 
{Ibid.  208).  He  called  the  Wayneeville,  which  corresptnids  exactly  to  the 
Datmanella  meeki  zone  of  Cumingrs,  the  Bythopora  meeki  xone;  the  Liberty, 
the  Strophoniena  planumbona  wane  (Strophonienn  zone  of  Cuminf^s)  and  the 
Whitewater,  the  Homotrypa  wortheni  zone.  The  higher  portion  of  the  White- 
water (not  exposed  at  Richmond)  and  the  overlying  beds  on  Elkhorn  creek 
ven  evidently  overlooked  or  regarded  as  equivalent  to  the  Madison  beds  of 
Foerste.  The  base  of  the  Whitewater  is  not  accurately  defined  by  Nickles. 
He  says  the  Liberty  pa^es  rather  gradually  into  the  overlying  beds  but  that 
on  the  east  aide  of  the  Cindnnati  axfa  a  lajrer  with  large  atrqitelasmae  marks 
the  top  (of  the  Liberty).  In  190.3  Nickle.s  (1903,  210-214)  definitely  refers 
the  upper  beds  on  Elkhorn  creek  to  the  Madison  formation  of  Foerste.  Nickles' 
namee  mipflftr  in  subsequent  imblicatioas  of  himself  and  of  Foerste,  Bassler, 
UIricll«  CvminKs,  etc.,  aiul  arc  in  ^•eneral  use. 

The  exact  relations  of  the  upper  beds  near  Richmond  were  not  dis- 
closed until  the  publication  ef  Cuming's  paper  on  the  Ordovidan  rocks  of 
Indiana  (1908).  It  is  necessary,  however,  first  to  discuss  the  horiaon  of  the 
Madison  bed  (Saluda)  of  Foerste. 

In  1897  Foerste  published  a  report  on  the  middle' and  upper  Silurian 
rocks  of  Indiana  (1897.  21.3-288)  iuid  In  connection  with  the  discussion  of  the 
Ordovician-Silurian  boundary,  pave  considerable  detailed  information  on  the 
upper  beds  of  the  Richmond  in  the  vicinity  of  Madi.son,  Indiana.  The  massive 
banded  sandy  magnesian  limestone  seen  in  the  great  ratlrDad  cut  at  Madison 
he  propose<l  to  call  the  Madi.'ion  bed  (Inc.  rit.,  p.  218).  This  name  had  been 
loosely  applied  to  the  Cincinnatian  rocks  of  Indiana  by  Borden  (1874,  139). 
Even  as  fitr  back  as  1887  Owen  (1887,  28)  had  used  the  name  "Madison 
water  lime.«;tonc"  for  a  bed  thai  seem-j  to  occupy  the  position  of  the  lower 
part  of  the  Madison  or  Saluda  of  Foerste.*  Inasmuch  as  neither  Owen  nor 
Borden  defined  their  names  in  such  a  way  as  to  make  it  possible  to  exactly 
identify  the  beds  intended,  Foerste'.s  u.se  of  the  name  must  be  regarded  as 
prior.  In  1875,  however,  Irving  (1875,  442)  had  applied  the  name  Madison 
sandstone  to  a  Cambrian  formation  of  Wisconsin.  Foerste  therefore  later 
(1902a,  369)  aub.stituted  the  name  SaimUi  for  Madi.son  bed,  and  this  name 
has  been  in  common  use  ever  since.  He  does  not  make  it  clear  in  the  earlier 
paper  whether  he  induded  the  coral  (Fanatella  or  Coluynnaria)  beds  in  the 
Madison;  but  in  the  1902  paper  he  states  (1902a,  369)  that  the  Saluda  "in- 
cludes all  the  material  overlyinp  the  coral  beds,  the  latter  forniinc:  the  ba>e." 
While  this  definition  still  loaves  something  to  be  desired,  we  may  infer  that 
he  meant  to  include  the  coral  beds  in  the  Saluda.  With  the  Madison  or 
Saluda  he  correlated  the  Cumberland  sandstone  (Shaler,  1877,  159-160)  of 
Tennessee  and  Kentucky  (1900,  57-63);  but  later  concluded  that  the  Cum- 
berland indudes  more  than  the  Saluda  (1901,  486;  1902a,  868).  Foerste  niet 
his  chief  difficulty  in  attempting:  to  trace  the  Saluda  northward  and  correlate 
it  with  the  rocks  of  the  Richmond  and  Ohio  areas,  and  in  tlus  he  was  not 
very  snecessful.  In  1897,  in  proposing  the  name  Richmond,  Winchdl  and 
Ulrich  (1897,  ciii)  had  stated  that  "At  Richmond  the  upper  part  shows  an 
increase  of  arenaceous  matter  wiiile  the  uppermost  layers  of  shale  have 
beeone  harder  and  include  one  or  two  heavy  bede  of  impure  limestone.  South- 

•WMha  OMt)  mmt  tte  bum  MadiMii  to  Bttram  (1874).  The  nauM  hw  atao  bm 
oMd  Iqr  PMte  (U9S,  M)  for  a  asiteolteeM  WswrtaBe  oC  tlw  wHk 
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ward  from  thii  locality  in  Ripley  and  Jefferson  eounties  (Indiana)  the  heavy 

layer?  are  increased."  This  evidently  was  an  attempt  to  correlate  the  upper 
rocks  on  Elkhorn  creek,  Richmond,  with  the  Madison  bed,  a  correlation  again 
made  by  Niekles  in  1903.  Foerste,  who  also  says  the  Madison  is  about 
30-CO  feet  thick  on  the  cast  side  of  the  Cincinnati  arch,  evidently  had  some 
such  correlation  in  mind  for  he  says  (liH)0,  63)  "In  Ohio  the  Madison  beds 
are  replaced  by  clays  and  clayey  shales  which  an  at  times  mottled  irith 
purple  and  reddish  purple  and  are  usually  devoid  of  fossils."  P^vidontly  the 
beds  referred  to  in  Ohio  constitute  the  Belfast  of  Foerste  (1896,  KU). 

In  1904  Foerste  (1904,  328-334)  returned  to  the  Saluda  problem  jfiving 
many  details  in  regard  to  the  faunas  and  stratigraphy  of  the  upper  members 
of  the  Richmond.  He  here  definitely  takes  the  lower  Frtri.s/c//a  reef  as  the 
base  of  the  Saluda.  In  tracing  the  formation  northward  to  Ver.sailles,  he 
notes  that  Strvphomena  vetutta,' StrepUtasma  divorjeaac  and  other  White- 
water species  occur  in  a  fossilifemus  })ed  nhnvr  the  coral  reefs  and  Saluda 
proper,  and  says  (p.  332)  "there  is  evidently  a  recurrence  of  species  usually 
found  more  abundantly  in  the  Whitewater  bed.**  This  confusion  is  reflected 
in  Foerste's  later  suggestion  (190.">,  ifjO)  that  the  Liberty  and  Whitewater 
formations  be  grouped  together  as  the  VeraaUles  formation,  because  their 
distinctness  eould  not  be  recognised  in  the  more  southern  localities.  Re  waa 
.'-till  under  the  impression  that  all  the  rocks  in  the  Whitewater  river  gorge  at 
Richmond  were  stratigraphically  lower  than  the  Saluda  be<i.  He  says  further 
(p.  884)  "The  Silurian,  therefore,  instead  of  resting  upon  lower  beds  of 
Rldunond  age  in  the  region  in  which  the  Clinton  is  absent,  acutally  rests  on 
beds  representing  the  latest  deposits  of  Madison  age".  That  is.  he  referred 
these  upper  fossiliferous  beds  to  the  Madison  or  Saluda.  The  persistence 
of  this  error  is  shown  in  the  fact  that  as  late  as  1915  Butts  (1915,  59-68)  fails 
tn  recoprnize  the  fact  that  the  upper  fossil  bed  of  the  Saluda  (Hits  bed)  is 
Whitewater. 

Now  the  first  to  notice  this  upper  faunal  horison  waa  W.  T.  S.  Comett, 

(1874)  who  gave  an  accoont  of  it  in  the  Indianapolis  Journal  in  1874.  Cor- 
nett's  discovery  is  mentioned  later  by  One  (1879,  18-19)  who  gives  a  list  of 
fossils  said  to  occur  "restins  upon  the  banded  roeic"  (Saluda),  amon?  whidi 
arc  Orthis  aciitilinifd,  O.  rttrorfni,  O.  insctilpta,  O.  sxhqundnitn,  St loitlinDiena 
planutnbtnui,  S.  atUeata,  Rhynclumella  capax,  R.  dentata,  etc.  Most  of  these 
idmtifications  are  undoubtedly  in  error.  Attention  was  again  called  to  it  by 
G.  C.  Hubbard  in  1892  (pp.  68-70)  who  state<l  that  he  had  independently  come 
to  the  conclusion  that  the  beds  immediately  below  the  "Salmon-colored"  stone 
(Brassiield)  are  Ordovician,  (the  Saluda  having  been  originally  referred  by 
Owen  and  others  to  the  Silurian.) 

This  upper  fossiliferou.-  horizon  was  later  named  the  Hitz  bed  by  Foerste 
(ld03b,  347)  and  has  also  been  known  as  the  Lophospira,  (or  Murchutonia) 
hammeU  bed  (Foerste  1897.  222;  Niekles  1903,  218).  It  fmnm  the  upper  fossil 
bed  and  part  of  the  upper  "mottlerl  beds"  of  Cuminirs  (1908).  Butts  (1915, 
65)  has  recently  revived- the  superfluous  name  Hitz  bed. 

We  may  now  return  to  the  discussion  of  the  higher  formations  at  Rich- 
mond.  In  his  detailed  report  on  the  Cincinnatian  rocks  of  Indiana  (1908, 
607-1189)  Cumings  traced  the  various  members  of  the  Saluda  (of  Foerste) 
northward  and  proved  by  both  stratigraphic  and  faunal  evidence  that  (1)  this 
Hits  bed  northward  becomes  an  important  and  extensive  foarilif eioua  hoiiaon, 
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especially  from  Versailles  nortitwanl,  containing:  a  typical  Whitewater  fauna; 
(2)  the  banded  rock  forminir  the  main  overhanpin;;  m;;  s  in  ihc  Marlison  cut 
thins  northwanl,  bccominfr  more  calcareous  and  shaly  and  finally  enters  the 
Richmond  section  as  a  six  foot  bed  of  massive  limestone  and  shale  capping;  the 
Liberty  formation;  (.'})  the  uppermost  of  the  two  coral  be<ls  seen  at  thc>  base 
of  the  Saluda  in  tht-  Madison  section  can  easily  be  tract-d  northward  to  the 
vicinity  of  Richmond  where  it  runs  beneath  the  Whitewater,  Tet radium  every- 
where charaeterisiniT  the  bed  except  at  Madison,  where  FavMtella  (Cotuntnaria) 
also  orcuts.  From  this  evidrnco  it  was  concluded  (op.  cit.,  p.  079)  that  the 
"mottled  bed"  (containing  the  Ilitz  bed  as  its  upper  member)  is  a  thinned 
representative  of  the  Whitewater  formation  of  Richmond;  and  Foerste^i  con- 
clusion that  there  i  ;  a  disconformity  at  the  to))  of  the  Richmond  was  cor- 
roborated. These  results  clearly  showed  that  the  forty  feet  of  rocks  lying 
jost  beneath  the  Silurian  on  Elkhom  creek,  near  Richmond,  conld  not  be 
correlated  with  the  Saluda  as  Nickles  supposed,  and  Cumintrs  therefore  named 
them  the  Elkhorn  beds  (op.  cit.,  p.  678).  This  name  has  been  generally 
adopted.  (See  Foerste  190;t,  b,  c,  d,  1910,  1912,  etc.,  Ulrich  1911,  11H4,  etc.; 
Schuehert  1910,  etc.;  Cuminjrs  1913;  Bailey  Willis  1912:  Butts  l!)ir»,  etc.)  The 
upper  part  of  the  Elkhorn  eentnins  a  be<l  of  clay,  which  had  previously  been 
correlated  by  Foerste  with  the  Belfast  bed  of  Ohio  (1896.  193).  The  latter 
he  had  in  the  previous  year  referred  to  the  Medina  (1895,  181).  He  inclines 
in  later  papers  tn  place  it  in  the  Ordovician.  and  says  (lOOP,  '"S)  his  Belfast 
is  not  the  typical  "Medina"  rocks  of  Orton  but  the  so-called  "Medina"  is  the 
clay  bed  Mow  the  Belfast  bed.  Nickles  (1903,  32)  corrdated  the  Belfast  bed 
with  the  Saluda.    Orton  (1878,  :^84,  referred  the  .sandy  (Belfast)  bed 

to  the  Clinton.  Prosser  (1916,  336)  says  Cumings  and  Foerste  refer  the 
Belfast  to  the  Richmond,  while  Shideler  thinks  it  may  be  related  to  the 
Bras.sfield.    (See  al.so  Orton  1871,  1874;  Fcerstc  1888.  1900;  Prosser  1905.) 

Recent  studies  of  the  Bryozoa  from  the  Hitz  bed  at  Madison  fully  con- 
firm the  correlation  of  this  horizon  with  the  Whitewater  farther  north.  The 
Elkhorn  is  totally  absent  from  the  Madison  section.  Coryell  (1915,  .389-39.3) 
has  shown  that  the  Wlntfwater  is  present  in  typical  development  and  thick- 
ness (75  feet)  in  the  region  of  Weisburg  and  Spades  in  Dearborn  County. 
From  this  point  it  thins  rapidly  toward  Madiiion  and  in  Kentucky  (Butts 
1916)  disappears  entirely,  the  arenaceous  Saluda  beinp  there  capped  by  the 
Brassfield  without  any  intervening  fossilifcrous  bed.  It  is  obvious  from  the 
above  discussion  that  the  Saluda  (exclusive  of  the  Hitz  bed)  and  Whitewater 
consist  of  two  oppositely  directed  wedjjes,  the  Saluda  thinning  northward  and 
the  Whitewater  thinning  southward  and  overriding  the  Saluda.  Further  dis- 
cussion of  this  point  will  be  given  in  the  sections  on  the  Liberty  and  White- 
water. 

WutnusriH,.  The  W  n  uik  'ill,:  (Nickles  1903,  205)  formation  or  /)«/- 
iimnt'lln  int  vki  zone  of  Cumings  (1901,  215)  and  Foerste  (1904,  25,  26)  con- 
sists largdy  of  soft  blue  shale  with  thin  layers  of  highly  fossilifcrous  blue 
limestone.  The  weathered  shale-  anri  limestones  are,  as  lluuout  the  t^in- 
cinnatian,  of  a  butf-yellow  or  yellowish-brown  color.  It  is  about  00  feet  thick 
at  Madison  and  80  to  100  feet  in  Dearborn  and  Franklin  counties.  The  forma- 
tion has  been  divided  by  Foerste  (1909f)  into  the  Hlfuichrntrr,  Clm  k^rilfr  and 
Ft.  Ancient  diviidons  (in  descending  order)  and  these  divisions  have  been 
generally  recognised.    The  Blanchester  division  as  defined  by  Foerste  is 
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larjTply  limrstone  and  includes  all  bptwpt»n  the  upper  and  lower  Hrbrvtella 
iHHculpta  horizons.  It  has  a  very  rich  fuana  in  which  Sti-ophomena  nutantt, 
S.  neffleeta,  S.  vetmta,  etc.,  are  eommon,  together  with  numerous  speeimenB  of 

HcberlclUi  ixxciiliiht,  Lt  j/lut  uit  i-lioiiiboiiliilis,  Rhyiichnl r>  mn  raimy,  PltitjfK- 
trophia  cUxrksviilemia,  P,  cuminysi,  etc.  The  upper  part  of  the  division  (upper 
Heberietttt  itueatptn  tone)  was  originally  pluced  by  Foerste  in  the  Liberty  as 
the  base  of  that  formation;  but  later  ( l'.)(i9f,  290)  he  placed  it  in  the  Waynes- 
\ille  with  the  followinj;  statement :  "There  are  two  Hchet  telln  inxculptn 
horizons  in  Ohio.  Only  the  upper  one  of  these  horizon.s  wa.s  known  at  the 
time  the  name  Waynesville  was  introduced,  and  this  u])per  Hrbvrtella 
itisci'lptn  horizon  was  cho^-en  as  the  ha^e  of  the  Liberty  bed.  In  reality, 
there  is  u  greater  ."itratigraphic  break  immediately  above  the  upper  HcbertcUa 
inwmfyta  horison,  so  that  the  latter  should  form  tiie  top  of  the  Waynesville 
bed."  He  mitrht  have  added  that  this  i.«  the  horizon  taken  by  Cuminps  as 
the  baise  of  the  Liberty  in  tracing  the  Waynesville-Liberty  boundary  through 
southern  Indiana  (1906,  640-641,  and  chart  opposite,  p.  6S7)  though  in  def- 
erence to  Foerste  and  Nicklcs  he  allowed  their  definition  of  the  Liberty  to 
i>tand,  in  .summing  up  his  discussion  of  the  formations  (1908,  671).  Cumings 
later  (1913)  definitely  adopted  the  top  of  the  upper  humtlpta  bed  as  the 
boun<lary. 

The  .second  division  of  the  Waynesville,  the  ClitrkKiiflc,  as  defined  by 
Foerste,  extends  from  the  OrtUoevraa  fosteri  horizon  to  the  lower  HeberteUa 
inaculpta  layer.  The  ClarksviUe  aeoording  to  Foerste  represents  the  intro- 
duction of  the  fauna  rep.irded  as  typicilly  Richmond  and  not  found  in  the 
Lower  Richmond  or  Ft.  Ancient.  Common  .>-pecies  are  Sirophomena  planum- 
bona,  Streplelasma  ragana,  Rhvnehotrvma  sp.  and  Leptaena  riehnum^hnaii 
lopether  with  I'lat  i/s-i rojili  Ir  rlnt  l:.-:villi  iisi^,  otc.  It  would  appear  that  the 
Blanchester  and  ClarksviUe  beds  are  about  equivalent  to  the  LepUuna  rhom- 
boidaHa  (=L.  riehmondenmg)  zone  of  Cumings  (1906,  671,  672).  The  Clarlcs- 
ville  is  somewhat  less  caicareors  than  the  Hlanche.'ster  but  \  t  i  y  fo.'^silifer- 
ous,  containing,  besides  the  fo.ssils  mentioned  above,  large  numbers  of  large 
Bryocoa  (Heterolrypn  proUfica,  elej. 

The  Fort  Ancient  division  is  still  more  .shaly  and  is  characterized  by 
immense  numbers  of  Dnlmotielltt  mreki  (D.  jugosa  of  some  authors)  though 
this  species  is  found  more  or  less  commonly  to  the  top  of  the  Waynesville,  and 
al.oo  in  the  Amheim.  In  the  Fort  Ancient  it  occurs  almost  to  the  exclusion  of 
other  Brachiopods  except  Ra fine squ inn  h>.  <ifhi/H}<. 

A  large  number  of  Richmond  Bryozoa  are  introduced  in  this  division, 
for  example,  Bvthopora  meeki,  Hattapora  aubnodom,  HomotrypetUt  hospitatia, 

H.  ritslira,  Hi  lojtnin  liarHsi,  Stif/iiiiitrllti  m  viilntn,  S.  I'vtr  i  /lorosn,  S.  spino.ta, 
Heterolrypu  proU/ica,  and  varieties,  etc.  The  presence  of  this  group  of 
Heierotrypcm  of  Black  River  (Decorah)  and  Trenton  affinities  in  the  Waynes- 
ville is  particularly  siK"ni<icant.  It  has  In  <  n  a  common  error  to  associate  them 
with  H.  frondosa  of  the  Mnysville,  but  they  ai'b  in  reality  not  at  all  closely 
related  to  the  frondom  {/roup.  (On  this  point  see  Cumings  &  Galloway  1913, 
pp.  414-41;).)  A  large  number  of  characteristic  pelecypods  ( Anonudodimta 
pigantea,  Modiolitpsis  cnnrrut rica,  M.  phot'i'lifonnis,  f'trrinrtt  detnixsa,  etc.) 
occur  in  this  division.  Several  of  the  Waynesville  species  are  also  found  in 
the  upper  Amheim  (Oregonia).  For  example,  Batostoma  rarians,  Eridolrypa 
ainwlatrix,  UiUtopora  aubnodoaa,  var.,  Leptaena  rMnmcndeneie  and  a  number 
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of  Pelecypods,  etc.,  and  it  may  bo  that  the  upper  Arnheim  and  Lower  Waynes- 
ville  should  be  associated  together  in  a  single  division,  as  suggested  by  Foerste 
(1909f,  298).  This  woald  agree  with  the  suegeetkn  mad*  dsewhet*  in  this 
paper  that  the  boundary  between  the  Maysville  and  Richmond  mi^t  be  drawn 
At  the  base  of  the  Oregonia  bed  of  the  Arnheim. 

The  Waynesville  formation  has  wide  distribution,  being  known  in  the 
Qaebec-Ontario  region  (Foerste  1014,  1916)  and  the  Manitoulin  Islands 
(Foerste  1912b)  as  woll  as  in  Ohio.  Infiinna  and  Kentucky.  It  is  pi-obable 
al.so  that  the  western  Kichmomi  ( Fernvale-Maquoketa)  is  of  about  the  age 
of  this  formation  and  the  lower  Liberty.  Many  of  the  apeeies  from  Wibning- 
ton,  Illinois,  arc  identical  with  Wayne.«;villc  anrl  lower  Liberty  forms.  In 
Kentucky  the  formation  becomes  unfos^iiliferous,  argillaceous,  suncracked  and 
diows  obvioQS  evidence  of  in-shore  or  playa  depoeition.  In  fact  it  presents 
Rineh  th'e  appearance  nf  the  Saluda. 

Because  of  this  relationship  of  the  Waynesville  and  Liberty  faunas  and 
the  Fernvale-Maquoketa  faunas  Foerste  (1912,  22)  has  snggested  grouping 
the  two  formations  under  the  name  Lattghery,  from  Laughery  creek  in  Indiana. 

Libcrtji.  -The  Liberty  formation  (Nickles  l'.>03,  207)  or  St rophomena- 
renui  bed  of  Cumings  (1901)  (S,  plutiunibotia  bed  of  Nickles  1903), 
conslBts  more  largely  of  limestone  than  any  other  member  of  the  Richmond 
in  Indiana.  The  layers  aio  often  several  inches  or  even  a  foot  thick,  and 
shale  is  much  less  in  evidence  than  in  the  other  formations.  It  is  from  25 
io  possibly  50  feet  thick,  Qsnally  from  36  to  40  feet,  and  very  constant  in  its 
thickness,  as  well  as  in  it.s  litholojrc  characters.  It  is  extraordinarily  fos- 
siliferous  throughout,  especially  abounding  in  Brachiopods  and  small  branch- 
ing Bryoioa.  No  oUier  Cindnnatian  foimation  rivals  it  In  the  beauty  and 
abundance  of  the  specimens.  The  most  diaracteristic  fossils  are  Stroplwtnena 
planumbona,  S.  vetuHla,  Piectumbonitea  aerieem  (in  the  lower  part),  Tifmnrho- 
trema  eapax,  Dinorthis  aubquadruta,  I'latystrophia  mmingai,  AiiipU  .<  ujKira 
punnUa,  A.  (jmnulosa,  Conatellaria  polyslomella,  Hoiiiotrypa  austini,  H.  eylin- 
drirn  atul  RliDDibnl rii/xi  qundnitii.  The  Liberty  formation  extends  tlii'ouph- 
out  the  range  of  the  Richmond  in  Ohio  and  Indiana  and  tar  into  Kentucky 
and  because  of  its  persistent  fauna  ia  an  easy  bed  to  identify. 

In  the  fine  section  alonp;  Whitewater  river  in  Richmond.  Indiana,  the 
formation  is  capped  by  a  bed  of  six  feet  of  heavy  limestone  layers  and  inter- 
calated shale  representing  the  banded  Saluda  of  the  Madison  section,  and  in 
sections  near  Richmond,  containing  the  coral  THrndi'im.  In  Ohio  this  bed 
fails,  and  some  dispute  has  ctmsequently  arisen  as  to  the  proper  upper  limit 
of  the  Liberty.  Nickles,  as  noted  above,  left  this  point  in  doubt  for  the 
legion  west  of  the  Cincinnati  axis,  and  the  first,  therefore,  to  definitely  fix 
the  upper  limit  of  the  Liberty  was  Cumings  (1908),  who  selected  the  Saluda 
wedge  as  the  dividing  stratum  between  the  Liberty  and  the  Whitewater.  A 
glance  at  the  chart  opposite  page  of  Cuminp's  paper  will  show  the  com- 
plete justification  for  this  procedure.  If  the  base  of  the  Saluda  be  taken  just 
below  the  lower  Colnmnnna  reef  at  Madison,  and  this  horizon  be  traced  into 
the  Richmond  section,  it  will  be  noted  that  it  comes  in  with  the  above  men- 
tioned hinni  limestone  layer  ("massive  bed")  cai»pin>f  the  Lil>erty.  This  is 
due  to  the  fact  that,  going  northward,  the  intei'val  between  the  two  lower 
Saluda  coral  beds,  of  the  southern  laetioni^  beeones  constantly  less  and  tha 
lower  reef  Anally  disappears  cnnpletely  north  of  Ballston;  the  upper  raef 
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entering  Richmond  retnon  as  u  part  of  the  heavy  limestone  Ipd  or  "massive 
bed"  of  CuminpTs  (1908).  Thr  same  n-lationships  are  still  better  displayed 
on  Tanner's  creek,  in  the  railroad  cut  (No.  18)  just  above  Weisburg  Station. 
Here  the  *^a8BiTe  bed"  still  has  its  southern  associate,  the  '*abale  hed"  or  thin 

slabby,  suncracked  limestone  layers,  so  charnctcristic  of  the  sections  between 
Versailles  and  Madi.son,  and  there  are  75  feet  of  Whitewater  above  it  (Coryell 
1915,  S89-93).  Shideler's  eontmtion  (1914,  229-236),  therefore,  that  the 
Saluda  is  above  the  Whitewater,  is  not  borne  out  by  the  facts  and  I  under- 
stand he  has  now  i-eceded  from  it;  while  Ulrich's  view  that  the  Saluda  and 
Whitewater  are  coterminous  can  be  given  a  status  only  by  dropping  the 
Liberty- Whitewater  boundary  to  an  hi  rizon  somewhere  below  the  perfectly 
natural  one  marked  by  the  base  of  the  "nia.ssive  Iwd"  or  Saluda  wedpe.* 

Saluda. — The  Saluda  formation  (Foerste  1902a,  36S>)  has  been  described 
in  part  in  the  foregoing  discussion  of  the  ddimitation  of  the  upper  Richmond. 
It  fails  entirely  in  Ohio,  but  in  Jefferson  and  Ripley  counties,  Indiana,  and 
espcciaUy  in  Kentucky  it  is  an  important  foimution.  Lithologically  the 
Saluda  as  defined  by  Foerste  consists  in  its  tjrpe  region  of  three  divisions; 
(1)  a  lower  bed  of  ash-colored  argillaceous  rock  containlnp  two  conspicuous 
coral  layers  (Favuttella  stellata  =  Coluinnaria  alveoUUa,  and  Tetradiutn 
mivus) ;  (2)  above  this  bed  comes  a  great  mass  of  brownidi  to  greenish  banded 
sandy  dolomite  practically  unfossiKferous.  The  layers  of  this  bed  are  usually 
beautifully  ripple  marked  and  si'n-cracked.  (T)  At  the  top  and  between  this 
massive  dolomite  and  the  Brasstield  formation  of  the  Silurian  is  a  less  re- 
sistant mass  of  somewhat  rubbly  mottled  impure  limestone  containing  a  con- 
i-'picuous  fossil  hod  ("Hitz"  or  " Lnjilmspint  hainniili  bed")  at  the  top.  The 
middle  and  lower  divisions  thin  notably  to  the  northward  running  in  as  a 
thin  bed  between  the  Liberty  and  Whitewater,  aa  explained  elsewhere.  The 
upper  di\'ision  expands  to  the  northward  hecominp  the  Whitewater  formation. 
Aside  from  the  "Hitz  bed"  which  carries  a  Whitewater  fauna,  the  fauna  of 
the  Saluda  is  meagre  and  is  especially  characterized  by  the  colvmmar  corals 
mentioned  above,  and  several  .species  of  Ostracod.s,  namely,  Lepcrditin 
caeeigina,  LeptrditeUa  gla^ru  and  Eurychilina  stitUomarginata.  Besides  these 
a  few  Bryosoa  and  the  Brachiopod.s  Hebertetta  oceidentaUs  var.  and  5(ro> 
phomena  xitlcuta  occur.  The  Hitz  fauna  besides  the  characteristic  Lophonpira 
hammeli  contains  Holopea  hubbardi,  Hcbcrfrlla  ucddentalig  var.,  a  large  num- 
ber of  Ostracods,  especially  Leperdifhi  citerigimi  and  numerous  Bryozoa,  among 
which  Homotrypa  conntt  llnt  ifDnnis  and  its  rdatlves  and  Aviplcxopora  n.  sp. 
(a  charactei  istir  lower  Whitewater  form)  are  especially  abutulant. 

The  Saluda  becomes  more  arenaceous  to  the  southeastward  and  probably 
is  represented  by  part  of  the  Cumberland  sandstone  of  southern  Kentudqr  and 
Tennessee.  In  the  Appalachian  rejrion  and  in  western  New  Ymk  the  Saluda 
and  Whitewater  are  represented  by  part  of  the  Juniata-Queenston  red  conti- 
nental deposits,  which  lie  uneonformably  bdow  the  Medina  (Albion-Tusearora) 
sandstone. 

Whitewater.— The  Whitewater  foi-mation  (Nickles  I'M):!,  :i08)  or  Homo- 
trffpa  wortheni  bed  constitutes,  according  to  Nickles,  the  upper  half  of  his 

*Ulrldi  contend*  ttiat  the  WliHewRter  tmuiM  eomn  In  tame  10  or  IS  feet  bdow  the 

8>luda  wedRe,  and.  therefore.  leitanU  the  Snluda  as  a  hti\  nr  wedse  withht  Uie  Whitewater. 
Ai  a  matter  of  fart  there  Ih  ho  little  iliffrrrnrc  hctwwn  the  Liberty  and  Whitewater  faunas 
thni  n  ri-nl  fnunal  hounrlnry  betwpt'ti  th<  (  am  cun  hat<IK  )»•  xaid  tO  dlltt  White  OB  the  oOWT 
hand  the  Saluda  wcdue  form*  a  cmupiewnu  Iraundary  in  Indiana. 


438 


Department  of  Conservation 


middle  Richmond  of  his  1902  paper,  and  consists  of  rou^h  concretionary 
nodulur  blue  limestone  and  ?halr.  On  the  weathered  outcrop  the  rock  appears 
yellowish  or  brown.  The  thickness  as  stated  by  Nickles  is  45  to  50  feet; 
but  as  a  matter  of  fact  the  formation  is  about  80  feet  thidi  in  the  vicinity 
of  Rirhmond.  It  is  oxtio!TicIy  fossilifcrous.  Nicklfs  defines  the  formation  as 
comprising  the  outcrops  exposed  in  the  banks  of  the  Whitewater  river  "at  the 
nortik  end  of  Richmond,  Indiana,  and  between  the  bridges;  nnmerotis  «c- 
posures  [ho  saysl  are  also  foun<i  alontr  Short  creek  three  miles  south  of 
Richmond."  Ail  of  the  rock  exposed  at  Richmond,  as  a  matter  of  fact,  above 
the  Liberty  formation  belongs  to  tiw  Whitewater  division.  The  hi|^est  bed 
can  best  be  studied  on  Elldiom  creek,  three  and  one-half  miles  southeast  of 
Richmond.  At  the  latter  place  the  superjacent  Elkhom  formation  is  also 
exposed.  Nicklos  does  not  accurately  define  either  the  base  or  the  top  of  his 
formation.  These  were  subsequently  fixed,  as  already  described,  by  Cumin{rs 
(1!)08).  ComparativHy  few  .-.pedes  of  fossils  are  restricted  to  the  Whitewater, 
most  of  the  fauna  being  the  .same  as  that  of  the  Liberty.  Stroplioini:nu  nulcata 
thouR-h  not  confined  to  this  formation,  is  one  of  the  most  characteristic 
Brachiopods :  but  from  Ballston  notthwnid  Rkynchot renin  deutnfti  becomes 
abundant  and  very  characteristic,  especially  of  the  upper  half  of  the  forma- 
tion. Varieties  of  this  species  also  occur  sparingly  in  the  Amheim  and 
Liberty.  Phi'  ii^U-njihhi  (irutilir<ittt  (typical  form)  with  its  lelatives  P. 
ucutiliraUi  prolongtita  and  /'.  ttctiex,  and  Hebertella  occUkntulia  are  very 
characteristic  of  the  Whitewater.  Rhynehctrema  capax  is  very  abundant  and 
attains  its  maximum  size  in  the  Whitewater.  Among  the  Pelecypods  Bysncnij/- 
ehia  obeau,  Isehyrondonta  dedipitna,  I.  truncafa  and  Ortonella  hainesi,  are 
charaefeeristie.  Bueania  eraum,  B.  aivmlatrix,  Lofilmspira  tropiodophora,  L. 
Aamwsi^  and  Snl/Kitgoatoma  richmondensix,  are  chnracteristie  Gastropod.s. 
Numerous  Bryozoa  occur  in  the  Whitewater,  but  only  a  few  are  restricted  to 
it,  namely  Bntostomn  rariubdc,  Hoiiiottypa  constellarifonnia,  H.  nitifUi,  H. 
HteMeMt  and  a  new  species  of  Amplexopora.  Other  common  Br>-ozoa  are 
rtiifhoporti  (lilicfil iild,  Hotiint fiifitt  Cjflhidricd,  H.  ra innloxu,  H.  ivorthftii,  Ilnnin- 
tiypiUa  ruHttcu  and  Monticuiiporu  epidermaitu  The  coral  SireplcUutnui 
divarietau  is  abundant  in  the  Whitewater,  and  in  the  more  southern  localities 
constitutes  in  company  with  Sl>-ophonie>ui  snlcdtii  the  be.st  zone  marker. 

The  Whitewater  formation,  as  already  intimated,  barely  reaches  the 
Madison  section  where  it  is  represented  by  the  "Hits  bed"  and  probaUy  wnM 

of  the  underlying  impure,  niottled  limestone.  In  KtMitucky  it  fails  entirely. 
In  Ohio  it  is  present  on  both  sides  of  the  Cincinnati  arch. 

h'lkhant. — The  Elkhorn  foiination  (Cumings  1908,  678)  comprises  the 
highest  beds  of  Richmond  age  known  in  the  Ohio  valley  region.  At  the 
type  locality,  Elkhorn  creek,  three  and  one-half  miles  southeast  of  Rich- 
mond, Indiana,  the  formation  consists  of  about  50  feet  of  blue  shale  and 
limestone,  as  follows:  at  the  top  is  a  bed  of  soft  c1ay<shale  four  feet  thick, 
undi"  l.iir;  hy  six  feet  of  hard  brownish  limestone  layers  abounding;  in  the 
brachiopods  Plat ynt rttphiu  morituru  and  Hebertella  tiinuata.  Below  this  come 
25  feet  of  bloeky.  arenaceous  limestone,  underlain  in  turn  by  15  feet  of  very 
soft  blue,  barren  shale.  Beneath  this  occur  the  lumpy  Whitewater  limestones 
abounding  in  Rhynclwlrema  dentoto.  The  fauna  of  this  formation  has  been 
little  studied  and  may  be  expected  to  furnish  some  very  interesting  species 
especially  of  Bryoioa  most  of  ixdiich  will  be  new.   Homoirypa  tcwrtftent 
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prominens  seems  to  be  a  common  form.  It  has  been  intimated  by  FocM.<te, 
Basslpj-  and  otht-rs  that  the  F'lkhorii,  or  sonip  part  of  it,  may  be  the  eqi  ivak  nt 
of  the  Belfast  bed  of  the  eoi^tcrn  side  of  the  Cincinnati  arch.  Until  further 
favnal  and  stratiipraphie  evidenee  is  forthoominff,  the  relBtionRhi|»s  of  theae 
two  intt-restin^r  formations  must  romain  in  <loubt. 

The  Elkhorn  bed  can  be  traced  southward  to  the  ret^ion  of  liall^lon,  Indi- 
ana, but  probably  pinches  out  before  Versailles  is  reached.  There  is  no 
vestipo  of  it  in  the  Madison  section. 

The  facts  noted  above  in  regard  to  the  marked  thinning  and  disappearance 
of  the  Elkhorn  and  Whitewater  beds  to  the  .wuthward  make  it  evident  that 
there  is  a  pronounced  di.-confoimity  at  the  top  of  the  Richmond.  The 
faunistic  and  stratigraphic  relationships  of  the  Bin.'^sfield  to  the  Richmond 
confirm  thi.s  conclusion.  Nickle»  (1!)08,  212-1.")  did  not  recognize  this  dis- 
conformity,  but  it  was  noted  by  Foerste  (1904,  334)  and  afterwards  amply 
verified  by  him  and  by  Cuminjrs  (lltOS).  It  would  appear,  however,  that 
the  first  to  recognize  the  disconformable  rt'latiun.s  of  the  Silurian  and  Ordo- 
vician  in  In^ana  waa  6.  C.  Hubbard  in  1892  (1892,  68-70)  who  noted  that 
there  is  an  "abrupt  ]»aleontoloKical  break  betw<(>n  the  two  strata"  fi.  e..  the 
Brassfield  and  Hitz  bed],  and  concluded  that  the  two  beds  are  unconformable. 
As  a  matter  of  fact,  this  horison  bdow  the  Brassfield  and  its  equivalents,  the 
Medina,  Sexton  creek,  Cataract,  ete^  appears  to  he  marked  by  nonconform- 
ities everjrwhere  in  America,  and  furnishes  an  udmirahic  systemic  boundary. 

(Marble  Hill  Berf.— In  1859.  I>.  D.  Owen  (18.)!»,  128)  spoke  of  a  bed  of 
ci-ystalline  limestone,  quarried  at  Marbk-  Hill  in  soi-thern  .Ieirei>on  county, 
Indiana,  as  the  "Marble  Hill  Bed".  This  name  is  also  usetl  by  Borden  (1874. 
139-141)  and  other  Indiana  geologists.  Foerste  (1897,  129)  places  the  bed 
at  140  feet  bdow  the  Silurian-Ordovician  contact.  The  Marble  Hill  bed  is 
characterized  by  larjre  numbers  of  pa!^tropo<Is  and  a  pseudeorystalline  texture 
and  pleasing  color.   It  was  also  known  as  the  Murchu<uniu  bed.) 

V^Miui  of  the  RtetuBowi— The  follinrins  ■iweicB  are  dwnwtcrlstie  of  tke  Richmond  of  the 
Ohio  valffv  reffion:  AgefmtrimtUt  mmti»l  fFoento)  (W.)*,  AgftatHnUa  iwhrri  lUlller)  (W.). 
AtniMfxoitora  ifrBnuloma  Camlnini  A  CellowBy  (I..),  .t.  jmmria  C.  ft  fl.  <I,.),  ^t.  )ni*lulcta 

Ulrich  (W.t.  .ln<;»Mo/o<li»ifa  ro*.  i  ( M.i  1l  .C-  Wiirth.n)  (Wh.l.  1  r.,%l,iln  i  M.  <  t  i  iW.i,  A. 
oiganUa  Miller  (W.),  Aiiarrhit<»  imnji/uiiimMii  t  Hull  I  <  Kirhni'iinl  i .  A  i  tif  t  i>rm^rni« 
Focrstp  (E.),  Arnhinarttla  rirhtnmitii  n.^ii  Ulrich  (W'h.*.  AlarlniNtra  nnimlariK  Ulrich  &  Basslcr 
|W.).  Ataetoporella  tchurhrrli  tllrich  4W.  W'h.).  Hatontcma  itruiuiri  C.  &  C.  (W.  L.),  0. 
vortehif*  tnrteh  |Wh.).  B.  rortaiit  (Jamca)  (Oreiruni*.  W.  L.  Wh.),  Uratrirea  ntkMifm 
Ftenile  <U).  B.  nodai^m  intermedim  iFoente)  <L.),  B.  nerfiitoM  (BtUiiw*)  B.  wuMoie 

fBUIIntlB)  (8.>.  B.  wiMote  eyiimdriea  Koerate  (L.  B.).  Brtter»$Aon  mckri  Miller  (Wh.>.  B. 
rubangulnrU  Ulr.  <Wh.l.  Bemien  primitira  IMrirh  (Richmond).  Bnrriekia  panUrUt  ilMrich) 
(Wh.).  B.  tumida  (Ulrich)  (W.).  Hutlia  t>.rH',tiatn  (Ulrich)  ( Rtchnion<1 ) .  H.  ,„im>la  Ulrich 
(W.  !..».  BniaHia  rrOM'ti  I'lrich  (W.i.  H.  «i  m  iWu/ » i  r  I'liifh  {W.i.  Hfllu.i  ■ .  r>i  „f<"i!'H  HhII 
( Richmond  I ,    Hmtrntnurhui    i;  atn</«    I'liich    ( W.    Wh.l.  tilnxn    Ulrirh    (\Vh.>.    U.  rriHiitln 

IHaH)  (Cincinnatian).  H.  n,  h>,u>,.ii.  nai*  IJIrirh  (W.  1..  Wh.l.  H.  lubutla  (Miller)  (Wh.i. 
B.  Mtbreeta  Ulrich  (W.  Ut,  B.  trmuuttriaf  Ulrich  (Wh.),  Balhocwmiu  vwliiulrir*  (Holl) 
<Rioiunoad).  Bvtlkofora  4Mm^  CMfckalmi)  (W.  L.  Wlt.».  B,  merkt  (Jmwf)  (W.  L.  Wh.). 
B.  «lriota  tnrlch  <W.>.  Cmlupoerit  trikrtfvrmi*  (Nkholmn)  (L.  Wh.).  Cflfvwmr  mrHti  Foerrt* 
(RichSMOd),  C.  mrrki  rrtrorixt  Fomto  <W.).  CalmMwaa  krarfi  tekmcherUma  (Ulrich).  (W.I. 
Cer^moporrUa  aranulo»a  IMrich  (Vi.>,  C.  ohiiunniM  <  Richmond,  ric).  ('.  nhilii  .liiincK  (W.I. 
Cemtopui*  rohunta   (I'lrich)    (  Kichmoml  i . 

rr/w    (Hiilli     i\V  ChiUttthoruii    ialmi    Ilnll    I  Ri.  lini.itMh  .    ( '.    'tihuUi    (  Mall  i     (  Rii  lirri.  .iid  1 . 

Clionurhia  txcavata  Ulrich  (Wh.).  Co/MMnario  nU-rutata  (S.)  \  h'ariHhUa  mlilMa  uf  authoiK). 
CmmMIoWs  UmUmrtt  <Ulrldi)   (W.).  C.  palpatimeaa  Nickoton  (W.  U).  Comufaria  formoaa 

•W-Wayntmllle:  L-Uherty:  S-°SidiMlst  Wfc^Whltewater;  E>=BHihoni. 
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Mlllir  tt  Dyer  (W.  \Vh.).  CorHulilr*  n*cAmonrf< nuiji  (Miller)  (Richmond),  Corim»(»-Kpq  Hrh- 
eoftlb  (Jridc!' I    I  Ki<  r.nii  n<)) .  C  iitflala    (Hiilli    ( Rii-tiinonc)) .  Crania  larlia  Hall  (Richmond). 

C.  teabio»a  Hall  i  Kichmond),  Ct<  uobothina  hawmilli  ( M.  K. )  (\V.).  f 'J<->n«f<)iita  cinfftllPt* 
Ulrirh  (W.).  Cl.HadunIa  hUli  (Miller)  iWh.).  (°H>.<ni»va  curta  Whitticld  (W.).  C.  nepietUi 
(Meek)  (W.),  C§eioeoneka  ntUleri  (Meek)  (W.).  Cueioneim  biiix  (Wb.).  C.  baix  fhtttmatum 
(W.).  Cvetoni  itepreMS  XHrich  (RMunoad).  C.  wAnite  Halt  (Ridunoad),  C.  jMrvMte  Hall 
(RMunand),  CvHHrtMwfa  (HpiMrto  UlriA  (W.  Wh.),  C.  attntiMte  Utrleh  (W4.  C.  Ceiutrfefa 
Ulridi  (W.).  C.  aMRMrfato  Ulrirfi  CW.).  CvplMtwpa  ttUkumi  (UlriA)  (Wh.>.  Cvrtoetrum 
anioi-num  Miller  (W)».).  C.  fahni  .1.  K.  .lames  (W.I,  C.  hit:i  Focmto  (Wli.  S.I.  C.  tmuiMtpUm 
Fabcr  l\V.).  Ctirlndrnita  cnniata  iMiliin  iWh.i.  C<trloliti»  omaltm  Conrad  (W.I,  Palntanettu 
niiiKi  (Milliit  (W.  L.).  I),  ndroriinut  radur,  uh  llliilll  I W.  I,.).  />.  rii.f  j  Miil.  iWh.i.  /> 
rrrofiriM  Miller  (W.),  Ifcrmatoittrumii  ouni/irw/o/ii.n  I'nrkM  (W.),  U.  rorrui/atuin  (lMH'r»te) 
CWh.),  D.  ulytitum  (Koerate)  (Wh.*.  Inrranoimra  tmarrrala  <Nich.)  (Richmond).  Uinortkia 
Mrtcyi  (H*U  retrona  of  MalhonJ  (Upper  Amheim),  D.  Carh«t  jiMabM  Foerate  tW.). 

D.  mAomtdrmta  <H>U)  (L.  Wb.).  DyUetMpoHtim  iMMilMiMiufa  Foento  fWk  8.).  KrUttnpa 
•imubUrfa  (Utrieh)  (W.).  BvryeMina  ttriiUomarffitmta  (MUrr)  (Wh.  8.),  FrntntOUi  gtmmham 
'WhiUWtf  (W.  L.  Wh.),  GtrvrnwOm  ritltmtmdetuib  (HI1ln>)    (Wh.).  Oomphoeerma  HuOmmim 

H.  *  F.  CW.K  GrnvlodirtMn  r.  l,  iKina  (I'Irlch)  |W.  I..).  Gmorrran  barri  (M.  &  W.  (L.), 
/foltopora  fnmdtua  C'uminws  (Wh.l.  //.  nuhnodota  Ulrirh  I  Klohmondl .  Ih  hi  rtiUa  inxrtdpta 
(Halll  (W.).  //.  orridmliUig  HhU  (I..  Wh.l.  //.  i>iiiunta  H»ll  ( K.  > .  H  iliroUivm  >,>,i,,i"""<' 
Ulrich  iWh.),  Ilrlopora  ilt  aan*  L'lrich  (L.>.  //.  harrinl  Jumej!  iW.).  /!•  Ii  rati  ypa  tuirrvntiiinm 
C.  &  C.  (W.).  H.  nuhramosa  Ulrirh  (W.).  //.  prolifiea  Ulrich  (W.).  //.  tinaulari»  Ulrich  (W.». 
U<>l4n>*a  kMardi  Killer  (Wh.  S.).  I/,  oxfordsntis  Ulrich  (W.).  Homotrypa  auttini  Busier 
(W.  L.  Wh.).  cMMMWiw  BMler  (W.  L.>.  H.  etUmdriem  BMder  {h.  Wh.),  IT.  iteiMiNii 
(MIA.)  (W.  Wh.).  H.  /lebeRarit  IJIrich  (W.  L.  Wh.),  ff.  /««ii4ms  OmbMHi  (W.).  U. 
iUbi^ru  tpinifen  Basder  <W.  Vni.) .  H.  nieklrti  Baaaler  (Wh.).  H.  nodtitoaa  Baarier  (W.  Ui, 
H.  ramiUnna  Bnmdcr  (I..  Wh  i.  //.  iii/irfo  BassUr  (Wh.l,  //.  ronnlrUariformi*  Cumirnts  (Wh.). 
W.  richinemdinsU  li&f^Ur  (W.  I..  Wh.),  //.  u-vrlJu  ni  <.Jam<-<i  (  L.  Wh.).  H.  ivorthcni  proiiiinena 
Bassler  (E.).  llomotryptUa  h(Wj>i(iiiu  (Nicholson)  (W.  I..  Wh.),  //.  rtutira  Hhiih  (W.  L. 
Wh.).  Hyolitktm  vertaiUetcntU  M.  ft  F.  (Riduaoild) .  lotrinua  nAwratu*  M.  &  W.  (W.). 
fcehynNioiila  «fe<*pieM  Ulrich  <B.).  /.  atoi|0ato  Ulridi  (Wh.).  f.  M<MMflrl  Utrlch  <Wh.).  I. 
HiarfWtfvrmlt  UMdi  (Wb.).  /,  •iwKa  Ulrleb  (Wh.).  f.  trsiuwta  Ulrkb  (Wb.).  iMtohia 
Itekar  (Ktebmoiid?).  I.  Mtaetmtu  Locke  dtlehmond).  Lai*ekia  monttferm  l^Stromatoeermm 
moutiferum  (Ulrich)]  (Wh.).  l^padarunli*  rnoor.  i  (Mee)<)  (Wh.).  l.ftH  Tditia  raerigena 
(MlUer)  (Wh.  S.).  l.iiila>na  rirhniond>  n»<n  I'ntrstc  (W.I  I  /..  rhitm\ui\dali*  iif  nuthorHl,  L. 
riehmonHetutia  prmrur<ni  l'u<  ]^ir  tupi-i  i  \  i  iilii  im  i .  I Arin  tfirrinu*  afjiniD  M.lU  r  i  W  i,  /,. 
tubere%ilatuii  Miller  (Wh.l.  I.aiihotptra  acumtnata  Ulrich  (Wh.).  hiViHcJu  (Halli  ( Rich- 
motid).  /,.  bniidini  !^a(Ioril  (Richmond),  L.  kammfli  (Wh.  S.).  IM  rlamillota  Ulrich  (W.I. 
L.  trofidopkora  (Heck)  (Richmond).  MeaotryiM  orbieulalM  C.  t.  G.  (Amhoiai),  M.  patella 
(Ulridi)  (Wb.).  Jfieroreroa  (noriMl&m  Han  (BkhiMBd).  ModUMnt  dtOMt  Ulrich  (Wb.), 
M.  mihoMlU  Ulrich  (W.).  M.  nAreetuM  Ulrich  (Wh.).  ModiotoptU  confcnlriea  H.  &  W.  (W.). 
M.  veraaAtetmafa  MIHer  (W.),  WixinVWipnro  clmrtlandi  Jame^  (Wh.).  M.  epidermala  V.  ft  B. 
(L.  S.  Wh.).  M.  laevui  Ulrich  (Wh.l.  .»f.  ru,  ,is<lir,t  X:\inh  ( W.  1,.  Wh.),  .WrnVf.i .  mj,  >i/«» 
(irinm-l  (W.  L.  Wh.).  Nirhottomlla  ]i<rutinnK  C.  A-  f"..  (  Arnhfim).  Opinthoptrra  rim.  i  (M. 
ft  W.)  ( Kichmonil) ,  O.  figticosla  (Meek)  (W.),  <i  Mn/ua  L'lrich  (Richmond).  <}rthoef1WI 
earUvi  H.  &  W.  (W.).  O.  dtmH  H.  ft  W.  (W.),  O.  AilM  Foertte  (Wh.  S  ).  OrfWtaiiiHI 
rxrto/um  (H.  ft  W.)  (W.).  O.  fWceiHH  (R.  ft  W.)  (W.).  O.  lubani/ulalum  Ulrich  (Wh.). 
OrtoMlla  *«fiMtt'  (Miller)  (Wb.).  Puekptktpa  fr»eutHli/ormm  (Niehdaoii)  (W.  L.). 
riwwwpoma  dMptaiu  <lt«mlng»<r)  Richmond),  PtolvrtrorMa  citanMita  MeEwan  (W.).  P.  fotnbtS 
mmpla  MeEwan  (W.  L.).  P.  HarktrilU  nais  Fi>crste  (W.),  P.  mmtngsi  McEwan  (Richmond). 
P.  annieana  FntTsto  (W.).  P.  moiitura  CumiriBs  lE.I.  P.  MutSlnta  (Conrad)  (I..  Wh.),  P. 
aeulUiralii  inulnutUn  I"..it-l,  iWh  i.  /'.  arutilirata  *.  u.r  Cumini-'s  (Wh.l.  P.  fllihoyn<~nfi» 
McEwan  ( K.  i  ,  /'.  rtfi^h.^  Intlatidi  .MiKuiUi  (W.).  PUrtambimilfis  mrrirctta  (Sowcrby)  (W.  I.,). 
/V(j'i(J.«rma  auJtifitruli  a  I  Nii  hoUoii  I  '  Kichmiind) ,  I'riilnrnra  rirhtnnndmnij)  F<ier»tr  |  /*.  \'<lu»ta 
of  authors)  (Richmond).  P.  rirhmondtHaU  papiOaia  Foerate  (Wh.).  i'aitocoMrAa  rUiptira 
Ulrich  (W.).  P.  gratdh  Ulrich  (W.).  P.  anhrreM  Ulrich  (W.).  PUrinea  carrugmU  (Jaaiw) 
(W.).  p,  40mkm  (Connd)  (Richmond).  PtUoHietm  flagtOum  Mieh.  (L.),  P.  vtagmifiea  Miller 
(Wh.).  P.  pfMNwrja  Jamee  (Wh.),  Rafinrtquiiut  altemato  (Conrad)    (Ittehniond,  Me.),  Jt. 

M*mata  lozorhvtU  (Me^k)  (W.).  Ilai>h<.,t.„i,n  rirhmonHrniii  Ulrich  (Wh.).  flhftnidietw*  lata 
Ulrich  (W.).  Rhombotrnpn  iiuadrala  I  lltiiiiinuer )  (W.  L.  Wh.).  K.  tubijuadrata  (Ulridi) 
(W.   L.I.   lihunrhiitri  »ia  eapax    (*"<mr«dl    ( W.   I..   Wh.).   /.'.  dtntaluin    (Hall)    (W.   I..  Wh.), 

Khttimifa  bt/mti  Miller   (W.  Wh.).  R.  fabtti   (Miller)    (Richmond).  Saipnitfottotna  riek- 
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»ioNr/.n».  Ulrich  (Wh.t.  SrkiMlophm  moorri  Ulrleh  (Wh.).  Spatiaptn  tuHimm  (NicholMMil 
|W.>.  S.  montifrra  Ulrich  (W.).  8.  tmhrre^lm  (M.E.  *  H.)  CW.).  StlfmrnteUm  rraiNteta 
U.  *  B.  |W.).  5.  nmoMta  U.  *  B.  (W.).  5.  »pkn§m  U.  *  B.  (W.).  5lrni(«lMM«  4«v«iAtM 
Fomte  (W.),  &  diwiHMiM  (Nichoiaon)  (W.  L.  Wh.).  S.  divQrirana  •mnutafvm  Foerate  (Wlk). 
8.  kuelllum  Foenrt<>  (Wh.).  5.  rH>f 'Vum  Ril)inK<i  (Rirhmnnd),  Stromatofrrium  monliffrmm 
<Ulrich»  (Wh.  S.».  .s-f.-./Jx.r;..  )Mi  ri<-...,f.  «-p.  in.rhtp  (\V.\.  .s',  nfoUfta  (Junen)  (W.>.  S. 
mtlan*  (Milk  I  (W.I.  .N'.  ylanuitiliima  <  Hull  I  ( W.  L.  I ,  .s'.  j<{<in  urn  howl  flongata  (Jmitkk) 
(W.).  .S'.  i>lan.Ht»honn  grrontica  iMX-rnU"  <W.),  S,  pkinuirifxMHi  iiubt4~nt4i  (}(all)  (VV.  L.). 
5.  «ii<eal«  iVcrnrull  (I..  Wh.).  S.  ■■•  ruxta  tJajlie*)  (L.  Wb.).  S.  vetualu  pnreunor 
Fberate  fW.).  TetradrUa  lunaiif,ra  (Ulrirh)  (RicbnMnd).  r.  vtuMHntm  (H.  *  W.)  (Rlcb- 
mmMl).  T.  afmfiUx  (Ulrich)  (lUchmond).  TrtrnHnm  app/rKtim^mm  Ulrldi  (8.  W.  ■.). 
TVriiiafit  mjVi'p««rf«(a  Hall  (Klrhmond),  Trvrkottrmn  wtibmtnue  Ulrfdi  (8.  Wh.>.  While- 
avrma  pMadiformin  (Hall)  <W.).  Whitralla  ohli,,Ha  t'Irich  (W.).  W.  ofcibnuM  Ulrich  <W.), 
W.  qnoilrmnoH'aru  ( Whitt-ruM)  «W.).  W.  tHhorota  Ulrirh  (W.>.  H'.  iim»0IM|«  Ulrich  (W.). 
.\Vi.(N-rfiMM  hmeri  (Meek),  (L.).  X.  jNwrMiw  Milter  (L.).  Zpgrnphm  madtalm  HaU  (RIdiBWKd. 
etc). 

CRAPTai  U. 
SILURIAN. 

Murchison  proposed  the  name  Silurian  in  1835  (1835,  47)  for  a  grrovp  of 

rock.s  in  Wale-  lyin^r  below  the  01<!  Ketl  Sandstone.  It  has  bpcn  in  prac- 
tically univcriuil  u.s«  since  that  date  for  the  younger  portion  of  the  Silurian 
rodcs  of  Murchison,  who  also  included  under  this  desi^ation  the  Xjower 
Silurian  or  Oidovician.  The  lower  anrl  middle  portions  of  the  Silurian 
f«en«M  HtriciuJ  were  comprised  in  the  Ontario  division  of  the  first  geological 
survey  of  New  York  (final  reports  1842-4S)  hut  the  upper  portion  fell  in  the 
Helderberjf  division.  Clarke  and  Schuchcrt  (1899)  suggwted  the  revival  of 
the  name  Ontario,  in  the  form  Ontario  and  this  latter  name  has  beNi  used 
to  some  slight  extent  in  the  United  States. 

The  New  York  geologiats.  Hall  and  Vanuxem,  referred  to  their  Ontario 
division  the  followi))^'  named  foi-mations  (it)  the  a-^cendinn:  order):  Mrdhui, 
OmUlii,  Clinton  and  .\ui(fii.iiK  Hall  (184:>b)  regai-dcd  the  Oneida  as  below 
the  Medina,  while  Vanuxem  (1842)  placed  the  Oneida  above  the  Medina, 
where,  as  .shown  by  Hartnaplr  (1!mi7,  2!t'lS).  it  belontrs;  and  included  the 
gray  sandstone  of  Oswego  in  the  Ontario  division.  In  the  Helderberg  division 
(Mather.  1840.  236-48)  were  placed  the  followingr  formations  (in  ascending 
order)  :  The  OnoDilatra  salt  ^roup  (  Saliria),  the  Waterlimo  t^rirap  (^Round- 
out,  Coblcskill  and  Munlius),  the  Pentamcrus  limestone  (=C!oeymans),  the 
Catakill  (or  Delthyris)  shaly  limestone  (^New  Scotland),  the  Oriskany  8and> 
stone,  the  Cauda-Ralli  piit  (  K.sopus  shale),  ihv  Schoharie  prit,  the  Onondaga 
limestone  and  the  Corniferor-s  limestone.  Of  these,  the  Onondaga  salt  group, 
now  known  as  the  Salina  (Dana,  186;i,  246)  and  the  Waterlime  proup,  belong 
in  the  Silurian  as  at  piexDt  constituted. 

In  18!»!t  Claikf  and  Scliucherl  propo.sed  to  jrroup  the  Siluriau  formntion.s 
of  New  York  into  three  .^cries  as  follows:  (in  a^sccnding  order),  U-mtj/un,  in- 
cluding the  Medina  and  Oneida  and  Shawangvnk;  JVioi^aroM,  inciudinfr  the 
Clinton,  Knche^tt  r,  I.orkport  and  Guelph;  and  Cut/nffan,  including  the  Salina, 
Roundout  and  Manlius  formations.  As  will  appear  presently  several  of  these 
formations  have  within  recent  years  been  more  minutely  subdivided. 

The  Silurian  \-ock>  of  Indiana  fall  hugely  in  the  Nia>raran  division, 
though  both  the  Oswegan  and  Cayugan  have  meagre  representation.  Ke- 
cently  Ulrich  and  Basder  (Bassler  1916,  chart)  have  proposed  to  call  the 
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lower  or  0!4wegan  division  of  the  Silurian,  in  which  they  include  the  Rich- 
mond, the  Medinan. 

The  chief  and  indeed  ahnoet  the  only  source  of  accurate  information  on 

the  Silurian  rocks  of  Inrliana  is  in  the  various  papers  by  Foerste,  (lS?»ri,  1R9G, 
1897.  1898,  1900,  1904,  1904b,  1909,  1909b,  1917a)  an<l  Kindle  (1904,  1913). 

Medinan. —  (OswcRan,  Alexandrian,  Anticostian  (in  part)).  When  the 
nane  Oswegan  (Clarke  and  Schuchert  1899,  87G-77)  wa.s  proposed  for  the 
lower  division  of  the  Silurian,  the  "Lower  Mcfliiui  Sh.ilc-"  ?i<)'.v  known  as 
(jueenston*  (Grabau  1908,  622-23)  in  New  York  and  Juniala  ^hale^  (Durton, 
18M)  in  Pennaylvania  were  included  in  the  Sihirian,  and  even  the  Oswego 
sandstone  was  cwnmonly  rcpai-ded  as  belon^rinj;  to  this  system.  Grabau  (1908, 
1909,  1913,  etc)  has  shown  that  the  Queenston  is  of  Richmond  age  and  dis- 
eonformahle  with  the  Medina  sandstane;  and  this  conclusion  has  been  amply 
confii-med  by  Focrste  (1914,  19ir.,  IDlTc),  Sthucheri  (1914),  Kindle  (1918b, 
1914),  M.  Y.  Williams  (1919)  and  others.  Gn  t.  v  (HH)8,  G22)  also  rsstricted 
tlie  term  Medina  to  the  Medina  tmndntone  or  Upper  Medina  of  Hall,  but 
Kindle  proposed  to  call  this  formation  the  Albion,  a  name  which  is  adopted 
in  the  Niagara  Falls  folio  of  the  U.  S.  Geological  Survey  (1913b,  (5)  by 
Taylor  and  Kindle.  The  latter,  however,  (1914,  915)  did  not  himself  approve 
of  this  procedure,  which  was  in  reality  suggested  by  the  Committee  on  (^eologric 
names,  of  the  U.  S.  Geolojrical  Survey  (Ibid.).  Schuchert  (1914,  280)  con- 
curs in  restricting  the  name  Medina  to  the  upper  Medina  (sund.stone).  Since 
this  division  of  the  Silurian  is  represented  by  diverse  types  of  sedimentation 
in  various  parts  of  the  continent  and  is  capable  of  suhrlivision  into  several 
formations  and  since  the  name  Oswegan  is  now  inappropriate,  with  the  ex- 
duaion  of  the  Oswego  sandstone  from  the  Silurian,  the  writer  suggests  that 

the  term  Mi  dintrn  rejjlaco  the  name  Oswegan  as  a  series  name  for  that  por- 
tion of  the  Silurian  lying  beneath  the  New  York  Clinton;  and  that  the  name 
Albion  be  restricted  to  that  portion  of  the  Medina  sandstone  lying  between 
the  Whirlpool  and  Thorold  sandstones  or  between  the  Queenston  and  Thorold 
where  the  Whirlpool  is  absent.  This  use  of  the  term  Medinan  differs  from 
that  of  Ulrich  (1911,  1914)  and  BoBsler  (1915,  1919)  in  excluding  the  Rich- 
mond frcon  the  Silurian.  This  old  and  appropriate  name  should  have  the 
right  of  way  over  such  innovations  as  Alt  vaTuiriao  an<l  Anticostian.  The 
dominantly  calcareous  phase  containing  tiie  Cataract  launu  n.iy  appropriately 
be  called  the  Cataract  phase  (Schuchert  1918,  107),  while  the  Brassfleld,  Sex- 
ton creek,  and  associated  Medinan  rocks  containing  a  dominantly  southern 
fauna  may  be  conveniently  grouped  under  Savage's  very  appropriate  name 
Alexandrian  (Savage  1908,  434).** 

Brassfitld. — (Clinton,  Ohio  Clinton,  Niagaran  (in  pail),  Medina  of  Indi- 
ana, Kentucky  and  Ohio  reports.)  In  Kentucky  the  oolitic  ii-on  ore  bed  and 
associated  limestones  capping  the  Cincinnatian  were  recognized  as  a  distinct 
formation  as  long  ago  as  1857  (Owen,  1857)  and  doubtfully  referred  to  the 
Clinton:  and  in  Ohio  the  formation  has  been  referred  to  the  Clinton  from 
1869  (Orton)  nearly  to  the  present  time.  (See  Orton  1871,  1873,  1874,  1878, 
1884.  1888;  Foerste  1886,  1887,  1888a,  1890,  1891,  1893,  1897,  1898,  1900, 

•  chadwick  latti  in  the  auw  yotr  (IMS,  Sd.  vol.  tS,  147)  prapoMd  Uw  maw  Lrwittom 
for  the  luunc  fonnittion. 

**  Grabau  (IS2I)  ladadca  the  Mediium  «1on«  with  the  Ntoimnm  of  Cterke  *  Sdmchert 
in  Ml  Niasanii  «r  "Lower  SUarten"  diviaiini. 


V\g.  22.  Upper  left,  Cynlhiann.  ncnr  PHtriot,  Indinna.  Upper  ri|(ht,  BrHssficId,  near  Vvr- 
Mtillrs.  I^ower  loft,  Saluda,  near  Hanover.  Lower  ritiht,  Laurel  <  foreKround) ,  Waldron 
(in  tunnel).  Louisville  (projcctinir  li-dicea  above  head*  of  students),  Geneva  (upper  ledge 
of  picture)  :    Tunnel  Mill,  Vernon,  Indiana. 
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1904,  li>U4b,  etc)  In  Indiana,  on  the  contrary,  the  formation  was  not  gen- 
erally reeoflmized  as  distinct  from  the  overlyinir  or  nnderlsrinfr  rocks  til! 
1889  when  Prof.  A.  H.  Younjr  t-ent  a  collection  of  fossils  from  the  snlmon- 
ootond  limestone  layer  near  Hanover,  Indiana,  to  Dr.  Foerste  and  suggested 
that  Hm  liaiiiia  was  of  Clinton  eharaeter.  In  18M  Foerste  published  an  ex- 
tensive paper  on  the  "Clinton"  of  Ohio  and  Indiana  (189G,  161-200)  and 
traced  the  formation  southward  from  Richmond  to  Osgood.  This  was  the 
first  careful  work  on  the  "Clinton"  (Brassfield)  of  Indiana.  Previous  Indiana 
getdogistR  had  included  the  foi-mation  .'iometimes  with  the  overlying  Niagara 
rocks  and  sometimes  with  the  underlyiriK^  Ordovician.  I».  D.  Owen  (18.37-1859, 
^6-27)  evidently  included  the  horizon  in  hi.s  "Mugnct^iun  limestones."  Richard 
Owen  (1862,  40)  si^  he  was  infwmed  by  Dr.  Plummer  of  Richmond  that  the 
latter  "found  Upper  Silnrian  fos.sils  not  many  miUs  ofT  fi-om  Richmond  on 
Elkhom  creek."  Sinee  the  Brassfield  is  the  chief  Silurian  rock  exposed  on 
Elkhom  ereek  he  probably  had  this  formation  in  mind.  Again  (tfrwf.  pp.  46-46) 
hf  says  he  found  a  "reddi.sh  silirn  ralrai ( ous  rock,  apparently  of  upper 
Silurian  age"  in  western  Fayette  County  about  four  miles  from  the  Rush 
County  line.  This  may  also  have  been  Brassfield.  Bord«fi  (1875,  168-169) 
give.*?  many  sections  in  Jefferson  County.  He  says  "the  Clinton  here,  as  in 
New  York,  is  in  the  main  a  sandstone^  and  of  variable  texture;  it  is  very 
soft  in  the  lower  part  where  it  is  composed  largely  of  sand  and  clay"  {Ibid. 
169).  "The  prevailing  color  of  the  rock  is  light  yellow,  with  salmon  and  pink 
shades"  (IbuL,  IfiO).  .Judging  from  his  sections  his  "Clinton"  is  mostly 
Saluda.  In  the  7th  Indiana  Report,  Borden  (1876,  154)  refened  the  lower 
part  of  the  Niagara  along  with  the  Saluda  to  the  Clinton.  Cox  in  1879 
(20-21)  rxpressos  tho  belief  that  the  .so-called  "Clinton"  (of  Borden)  should 
not  be  separated  I'lom  the  Niagara,  and  (p.  178)  sees  no  reason  for  culling 
the  rode  at  Elkhom  falls  (near  Richmond)  Clinton.  He  eoaeeiia«itiy  refers 
it  to  the  Niagara*.  In  the  12th  Indiana  report  Elrod  (1883,  108)  referred  to 
the  "Clinton  group"  a  bed  of  "calcareous  sandrock,  or  shale,  ranging  in  thick- 
ness from  six  indies  to  three  feet"  and  lying  below  the  "Lower  Niagara  shate**. 
Since  this  "Lower  Niagara  .shale"  corresponds  approximately  to  the  Osgood 
formation,  Elrod  seems,  judging  from  his  sections,  rather  by  accident,  to  have 
indttded  the  present  Brassfidd  in  his  "Clinton".  Again  in  the  14th  report 
(1884a,  47)  Elrod  refers  to  the  "Clinton"  20  feet  of  siliceous  bastard  limestone 
in  Fayette  County,  much  discolored  with  iron  ore.  This  includes  rocks  both  below 
and  above  the  Brassfield.  Elrod's  error  was  repeated  by  Maurice  Thompson 
in  the  15th  Report  (1886).  Finally  it  may  be  well  to  state  that  the  "Clinton" 
reported  in  Indiana  well  records  from  1888  to  the  present  time  is  quite  cer- 
tainly neither  Clinton  nor  Medina.  In  1892  S.  A.  Miller  (1892,  Gil)  states 
that  he  is  unable  to  find  any  evidence  of  the  existence  of  the  Clinton  or 
Medina  in  Indiana.  In  189.3  Joseph  Moore  of  Richmond  (189:^,  28-29)  men- 
tioned outliers  (probably  very  large  glacial  boulders)  of  "Clinton"  limestone 
"2  miles  southwest  of  the  central  part  of  Richmond." 

With  the  publication  of  Foerste's  papers  (1895.  189G,  1K97.  1898.  1900, 
1901a,  1902,  1904,  etc.)  the  so-called  "Clinton"  of  Indiana  received  definite 
Status  as  a  distinet  formation,  oonrdated  with  the  "Clinton"  of  Ohio  and 
Kentiwky  and  carrying  a  duuractenatic  fauna.  Foerste  worked  oat  in  detail 

*Thla  itatement  implirs  that  the  b«d  at  Elkhorn  FalU  had  been  rafamd  to  the  Clinton, 
vblcli  woald  make  thin  the  first  ivferenee  of  an  Indtana  fiMnnattan  to  tfaa  Qinton.  rather 
lliaa  Iha  Haiiov«r  roek  cited  kr  Vomta. 
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the  litholog^ic  and  fuunislic  characters,  distribution  and  thickness  of  the  rock, 
and  its  diseonformable  relations  to  the  underlyingr  and  overiytog  formations. 

In  1906  Foerstc  flOOC,  18)  proposed  to  rename  the  formation  Bnuafigtdt  from 
Brassfield,  Madison  County,  Kentucky;  and  this  name  has  been  genorally 
adopted  (see  later  papers  by  Foerste;  also  by  Savage  1908,  1909,  1910,  1912, 

19i:},  1!)16,  1919,  Ptc:  Srhuchcrt  1910,  1913,  1914.  1915;  Proshfi  191^;  Rass- 
ler  1915,  etc.;  Ulrich  15)11,  1914,  etc.;  Parks  lUlS;  M.  Y.  WiUiams  1914, 
1919;  etc.,  etc).  In  Sehnehert's  PaleoRcoKraphy  of  North  Ameriea  (1910, 
489)  and  in  a  paper  by  Schuchert  and  Twenhofel  (1910,  704-710)  the  foi-ma- 
tion  is  designated  "Ohio  Clinton"  and  stated  to  be  below  the  typical  Clinton 
of  New  York.  That  this  formation  is  not  really  equivalent  to  the  New  York 
Clinton  had  been  recognized  by  Foerste  as  long  a^o  as  1896,  when  he  said  (1896, 
189)  "Althouph  I  have  boon  accustomed  to  mil  the  Ohio  fonnation  the  Clin- 
ton, yet  I  should  be  willing  to  recognize  the  fact  that  the  identity  i.s  not  vcr>- 
marked,  by  giving:  It  a  name  of  its  own,  for  instance,  the  Mvnigmnern  forma- 
linii,  on  account  of  it>  typic:il  development  in  Montiromerj'  County  in  Ohio."* 
This  suggestion  was  not  followed  up  and  the  name  Montgomery  lapsed.  In 
1904  Foerste  (1904,  340),  stated  that  "the  Clinton  of  Ohio,  Indiana  and 
Kentucky  appears  to  have  attained  thr  -t:i.rc  of  development  e(|uiv:dfrif  to 
that  of  the  Clinton  of  Mew  York,  below  the  lenses,  but  does  not  contain  such 
species  as  Pentamemn  obtonffUK,  AtTVpa  retieularn,  Spdifer  ratUattui,  S. 
uuiffin  i  iisis,  which  in  the  west  bepin  their  existence  in  the  Onj^ood  Im>(1."  In 
proposing  the  name  iirassfield  Foerste  after  reviewing  the  fauna  (1906,  35) 
commented  aprain  as  follows  on  the  relations  of  the  formation  to  the  New 
York  Clinton;  "The  identification  of  the  Uras«Aeld  limestone  of  Kentucky, 
and  its  northern  extension  in  Ohio  and  Indiana,  in  foi-mer  years,  with  the 
Clinton  limestone  of  New  York,  re^ts  rather  upon  a  somewhat  similar  fades 
of  the  two  faunas,  and  upon  the  jrencral  absence  of  the  more  typical  species 
of  the  Rochester  shale  fauna  of  New  York  in  these  liniestnnos  at  the  base  of 
the  Silurian  in  Ohio,  Indiana  and  Kentucky,  than  upon  the  presence  of  any 
considerable  number  of  species  common  to  both  areas.**  On  closer  inspection, 
the  fauna  of  the  Rrassfiehl  limestone  of  Ohio,  Indiana  and  Kentucky  ap])earP 
to  differ  sufficiently  from  the  fauna  of  the  Clinton  limestone  of  New  York  to 
warrant  the  assumption  of  the  presence  of  some  sort  of  barrier  between  the 
two  areas." 

In  1913  Schuchert  (1913,  107)  proposed  the  name  Cataract  formation 
for  the  fossiliferous  limestones,  shales  and  dolomites  of  Ontario,  48  miles 

noithwest  of  Toronto,  formerly  called  Clinton.  He  then  supposed  that  the 
new  formation  lay  below  the  Medina.  This  name  was  accordinj^cly  adopted  in 
the  Guidebook  of  the  International  Congress  of  Geolo^rists,  by  Parks  (1913, 
128),  with  the  statement  that  the  Cataiaet  "represents  an  invasion  from  the 
south  and  west  at  the  commencement  of  Silurian  time.  The  upper  limestones 
and  shales  of  this  fonnation  are  highly  fossiliferois  and  present  a  fauna 
comparable  with  that  of  the  Brassfield  formation  of  Ohio  and  Kentucky." 
In  1914  M.  Y.  Williams  (l!»Ma.  JO)  stated  that  the  "Medina  sandstone-  of 
Niagara  Gorge  (125  feet  thick)  are  represented  farther  north  by  dolomite  and 

*ThU  tame,  li  sppesri.  Iisd  pro«iou»ly  bc«n  uw<l  hgr  Roimra  In  1837  and  ISM,  for  ■ 
iriit  :<ii.l  coal  fornutiom  of  VtrKinio  and  fay  Dllirr  in  18S2  for  a  Silnrian  limntOM  of 


"-^  l!i>  '~l-  .  .  Houi  vrr.  hits  !ihiiwn  that  the  K'K'lustci  I'ltunn  i-i  jirc^-nt  in  the  OtROod  formatfaM 
or  Indiana  an<i  Kentucky.    Bull.  i;.  S.  Geol.  Survey,  No.  29i.  i>.  i.  I»06. 
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shales  (Cataract  formation)'*;  and  in  the  same  year  Kindle  (1914,  918)  re- 
ported that  the  "Kxamination  by  the  writer  of  a  numbt-r  of  soctions  holdinp 
this  [Cataract  formation]  fauna,  in  connection  with  a  i-evicw  of  the  Niagara 
section,  has  convinced  him  that  all  of  the  terranes  associated  with  the 

Cataract  fauna  are  icpiesfiited  in  the  Medina  of  the  Niapnra  section". 
Schuchert  later  (lUH.  2!)i)  admitted  that  "the  typical  Medina  formation 
shades  through  lateral  altemtion  into  the  typical  Cataract."  He  also  (Ibid.) 
regarded  "the  Medina,  Cataract  and  Brassfield  as  correlates  of  one  another," 
but  did  not  mean  to  imply  that  "each  one  i.s  wholly  equivalent  of  iwy  other." 
"Each  formation  [fauna]  invader*  eastern  North  America  from  a  <liirerent 
direction  and  each  one  has  its  own  peculiar  faunal  assemblage."  These  facta 
are  brorpht  out  on  the  paleogeographic  map  presented  herewith,  based  on 
Schuchert 's  map  {loc.  cil.,  p.  295).  In  spite  of  this  definite  abandonment 
of  the  name  Clinton  for  the  Indiana-Kentueky-Ohio  formation  in  1906,  the 
name  recurs  in  Indiana  reports  as  late  as  lOlfi.  (See  Kindle  and  Bamett 
1909,  396;  Tucker  1911,  15;  Culbertson  1916,  226-227.) 

Description. — The  Brassfield  formation  in  Indiana  consists  of  rather 
coarsely  crystalline,  pink,  salmon-colored,  brownish  red  or  sometimes  bluish 
or  greenish  gray  mottled  limestone,  appearing  in  most  outcrops  to  consist 
of  a  single  bed  from  less  than  a  foot  to  10  or  12  feet  thick.  Where  weathering 
has  brought  out  the  be<lding  planes  it  appears  to  be  made  up  of  layers  sev- 
eral inches  (r)-8)  thick.  In  some  sections  in  Uipley  County  and  at  Elkhom 
Falls  in  Wayne  Coi  nty,  the  Brassfield  is  immediately  underlain  by  a  very 
soft  elay-«hale.  It  is  an  easy  stratum  to  identify.  The  thickness  is  very 
variable  in  Ripley  County  where  the  foimation  is  orcasionally  totally  absent. 
In  some  of  the  Uipley  and  Jefferson  county  localities  the  rock  is  brecciated, 
containing  angular  fragments  of  a  light  blue,  denw  limestone,  derived  from 

the  iitKlcrlyinir  I'irhmonfl.  There  is  unmistakable  evidence  of  discon formity 
both  below  and  above  the  lirassfield.  The  rock  docs  not  appear  to  be  very 
fossiliferous,  but  nearly  every  outcrop  will  afford  a  few  specimens,  and  some 
localities,  especially  in  the  vicinity  of  Laurel,  Indiana,  aie  qiiite  fossiliferous. 
The  fauna,  which  is  characteristically  Silurian  and  totally  distinct  from  the 
Richmond  fauna,  is  best  known,  however,  from  the  (Hiio  loealities  about  Day- 
ton, where  Dr.  Foerste  has  collected  about  100  species. 

Fsnntu — Thf  more  caaimcHi  ami  clwnirUrfaitiv  aiMcics  nn  AvivrmitktH  hy  Foente.  nre  »» 
fallows:  lUarnmi  ilsvtoiM'iMl*  H,  ft  W.,  /.  amhii/otM  Kiicn<ti-,  /.  Mafliranutntui-floMtfitxu 
PotrMv.  I.  ifiitii^  fmmrtii':  tit  fti'4  nititit  KfMT^Ii*,  l*rm-tuH  fii  trrininatitM  h'orrst**,  CfiphtMpiit  elintimi 
Fw-ctf.    (Miuliiiilttiia    M  /f/ni    K<i<'i>.|i'.    h'm  finui  HH    Ihtrxhiri    Foi'mli*.    t'ul»»i' If    iu  i)/  ri  i  mjiix 

<  Whitliclil  I .  ('.  voitdifi  Frci^if.  litiiJiim  iixi^tii  i  HnrrHn<l<-l .  I'haefiim  iiutrhiUun  F<i<i>-le.  Iln'- 
tHonitfx  wartkrni  FcmtikIc,  i'tirlnnthnnittii  itroltmaaltu  (Foerale).  /'.  tran»vrr»mti»  (Wahl«n> 
faenr).  i>^(<lrN■  rJ^omlNMifiifM  (Wtirl^tn*).  Strnthamma  dayUmnt^  Fotrate.  8.  HriaUt  Hall, 
S.  kcMwrt-muB  Fwr»te.  <Mhii  flabrUitrt  Fcenite  <Biid  mrietleii),  HfhrrUUm  fuMuU  (Foenrtel. 
H.  4miilo»mma  Farratr.  Ilalmtropkiu  rrrmala  (Fnon«tc>.  P.  4mnt<ntriuifu  Fnenrto,  f*.  hrwkinut* 
<H«II>.  iHilnitntll,!  •'(•/nn'rc'a  (Uaimnn).  /».  tliuanlu'a  imi  nt  r  Kocr-lot .  /.'h i/>irf»N>rtfa  hfihrldm 
tSoworby).    Tuiilirii   i>,ttnii    lM<-<'!>t.    .\lin)<n    mui  iiinnlin    (l)nlmnnl.    r  (r  <"ti  i<>/<n  Wito  rmtrrxa 

<  l''<H  t ,  St  t  trKtti  ii'.ftniti  fii/'t  fi'iKi  I  "(nr  .-•t,'.  Iltttfti<t  <  f/im  i-i/tt'h"  i-  ]*..i-ri  i,  \  •- fttiitjnuri 
/Miri'H'a  ( T  >>t «' I .  /.!«< /i  H"  I'rt  1 /i  i.>i  <i»ii,  (  KiM". -ti' I ,  //'W/«/.(jru  (i»ii./mi/>'ir<i  ( l'"«'r!iU' ) ,  <  ^iini»afo- 
p«n  nmo-'al't  iUM),  llrt-il>  ■r'>  "  '"hi  jFwi-t.  i.  I'Iffflirtiia  MhillirUi  (PMntC).  I'lUttHirlya 


rrpanm  Hall,  Ctatkroftora  Jnmdom  fiinUmnum  (H.  A  W.),  Pluui»»p»m  nrprntf  H.  A  W.. 
P.  JImbrwtm  (iainw).  P.  mmvna  IH.  *  W.>.  P.  m^tifidt  HalU  Pmrhmliitya  WitmU  (Hall). 
P.  biftmatm  Uut^ttft  (Foente).  P.  rnuua  (Hall).  P.  nnarlot*  <F«ante)t  THgomtktietitm  tatatf 
'  nwji  Ulrieh.  Kkimoporm  verntecaa  Hall,  Dietwanema  pertenne  Ftoarala,  D.  «ea(arl/«rm«  Foent*. 
CaryMotryjia  cAmoafa  <Viiw>. 
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NuOARAM^CCliff  roek,  Catenipora  bed  (Lyon),  HagmsiaB  limeBtone) 

In  all  the  rarlit't  Indiana  iTports,  the  succession  of  formations  between  the 
Ordovician  or  blue  limestones  and  the  coral  ixx:k  of  the  Ohio  Falls  was  re- 
ferred to  the  "cliff  Tock"  or  Niagara  gtnvp  of  the  Silurian,  without  sab- 
division.  The  name  "cliff  rock"  was  first  applied  to  these  limestones,  more 
particularly  to  the  division  now  known  as  the  Laurel  formation,  by  Locke 
(1838,  211)  In  Ohio,  and  was  used  for  many  years  (Clapp  1848,  Hall  1851, 
Owen  1840,  etc.)  as  a  general  designation  of  the  Niagara  and  other  lime- 
stones of  the  Ohio-Mississippi  valley  region.  Owen  (1844,  116-117)  gives  as 
83monym8  of  Cliff  rock:  galeniferous  limestone,  cornetiferous  limestone,  mag- 
nesian  limestone,  mountain  linMstonc.  Clapp  (184.3)  correlates  the  "Cliff 
rock"  with  the  Niagara,  Gypeous  shale,  Waterlime  and  Onondaga  of  New- 
York;  while  Hall  (1851)  says  the  "Clitf"  equals  the  Niagara,  Clinton  and 
Comiferovs,  and,  agaiii,  (1848,  279)  ths  Cliff  limestone  we  have  the 
Helderberg  series  of  New  York  or  at  least  two  persistent  members,  the 
Onondaga  and  Comiferous,  with  the  Waterlime  and  perhaps  a  meagre  repre- 
scntatimi  of  the  salt  grwp,  togeOier  with  the  Niagara  limestone."  Locally 
the  rock  was  known  as  the  Catenipora  [Halysites]  bed  (Lyon),  Chain  coral 
beds  and  Magnesian  limestones  (Owen  183U,  1856,  etc.)  and  was  described 
at  the  Falls  of  the  Ohio  by  Lapham  as  early  as  1828. 

The  name  Niaparan  was  proposed  by  Clarke  and  Schuchert  (1899,  STfi- 
877) ;  but  the  older  name  Niagara  has  been  in  general  use  since  it  was  pro- 
posed by  Han  (1842,  68)  and  Vanwcem  (1842,  90-94).  The  earliest  con- 
nection of  the  name  Niagara  with  a  K'oological  formation,  however,  was  Con- 
rad's definite  use  of  the  name  (1837)  for  the  Me<lina  sandstone  of  western 
New  York.  By  a  curious  turn  of  fortune  this  use  of  the  name  was  entirely 
lost  sight  of  and  the  sandstone  still  bears  the  name  with  whidi  it  was  re- 
christened  by  Vanuxem. 

The  first  member  of  the  Niagaran  series  of  rocks  of  Indiana  to  receive 
a  distinetiTe  geoipraphic  name  was  the  conspicuous  band  of  shale  seen  near 
the  top  of  the  formation  in  Shelby  and  Bartholomew  counties,  which  is  1883 
was  named  the  WcUdnm  shale  by  Moses  Elrod  (1883,  116).  The  name  "Utica 
limestone",  from  Utica  in  Clark  County,  had  previously  been  loosely  applied 
by  Borden  (1874,  172)  to  the  Niag^ara  rocks  of  Clark  and  Floyd  counties. 
No  other  subdivisions  were  named  till  1896  when  Foerste  (1896,  190)  pro- 
posed the  name  Laurel  limestone  (Franklin  County,  Indiana)  for  the  main 
cliff  rock  member  of  the  Niagara,  and  called  the  underlying  shales  and  lime- 
stones the  "Osgood  phase"  of  the  Laurel.  In  the  21st  Indiana  Report  (1897, 
218)  he  added  the  name  LouiaviUe  for  the  Niagaran  limestone  immediately 
above  the  Waldnm  shale  and  used  Hie  term  Osgood  aa  a  distinct  fonnation 
name. 

The  greater  part  of  the  limestones  and  dolomites  of  northern  Indiana 
in  the  White  and  Wabash  vall^  has  beat  referred  to  the  Niagara  since  the 
days  of  the  Owens  (see  R.  Owen  1862,  .57),  though  Richard  noticed  that 
"some  of  the  fossils  found  seem  assignable  to  yet  higher  groups,  the  Onondaga 
Salt  Group  of  the  New  York  geologists,  and  their  Lower  Helderberg  Lime- 
stones". He  a.'ssiKTis  a  thickness  of  1500  feet  (Ihid.)  to  the  Silurian  of  Indiana. 
This  tendency  to  place  certain  rocks  of  Indiana  in  the  Lower  Helderberg 
division  has  persisted  down  to  recent  years,  and  dates  inm  the  1842  New 
York  Rctports  when  all  of  tiie  SUnrian  above  the  Niagara  was  xdsgated  to 
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that  division.  The  eorrelation  of  these  higher  roclcs  (Kokomo  limestone,  etc.) 

will  be  discusycd  in  the  propf  i  place. 

Formation  names  were  not  u^i^ed  to  the  Niag^aran  of  northern  Indiana 
till  Kindle  (1904)  gave  the  first  adequate  account  of  these  rocks  in  1904.  He 
then  proposed  the  name  Xnhhsrillv  <li>Utiniti  flhiil.,  p.  407)  for  the  lower 
part  and  Huntington  liuualunr  (Ibid.,  p.  408)  for  the  upper  part.  Un- 
doubtedly further  study  will  mnke  a  minuter  subdivision  possible.  The  name 
HuntiriK'ton  stone  wa.-^  in  common  use  for  the  rock  quarried  at  Huntington 
(Cox  1871),  Sn-fiO).  PhiniK  v  in  ISSl,  (1SK1.  1  lii.  M7,  148)  correlated  the 
lower  strata  of  tl>e  northern  Indiana  Nia^aran  with  the  Springrfield  betis  of 
Ohio  and  the  upper  portion  with  the  Cedarville  dolomite  or  Guelph. 

The  unusiKil  dips  of  the  Niaparan  rocks  of  northern  Indiana,  indicatintr 
"cone"  or  "dome"  (quaquaversal)  jitructure,  were  noticed  as  far  back  as 
1862  1^  R.  Owen  (1862,  98)  and  have  heen  often  mentioned  in  the  Indiana 
state  report^  and  elsewhere  (see  Collett  1872,  307;  Gorby  1880,  228-241;  1889. 
180-183;  Thompson  1889,  41-.53;  1892,  177-186;  Phinney  1891.  653;  Elrod 
and  Benedict  1892,  200-238;  Ashley  and  Siebenthal  1899,  190;  Elrod  1902, 
20r.-2l6;  Kindle  1902,  221-224;  1904,  402-413;  Ward  1906.  216-217).  They 
have  been  explained  as  mud-lump  structures  (Kindle),  giant  crosa-bedding 
(Collett),  coral-reef  structure  (Phinney),  a  narrow  anticline  C^ahash  arch") 
running  across  the  .state  (Gorby),  "irre^rularities  of  the  sea  bottom",  a  variety 
of  cleavaeo  fEIro<i),  volcanic  ajrencies  (Ashley),  etc.  Recent  unpublished 
studies  of  nuniurou.s  well  record.s  by  Dr.  W.  N.  Loaan,  indicate  that  the 
Niagara  and  underlying  Ordovician  roclcs  are  diaraeterized  by  numerous 
domes  and  irregular  anticlinal  anrl  synclinal  -1 '  ncture-';  and  the  presence  of 
Ordovician  strata  in  the  Kentland  dome  uli^o  indicates  that  the  structures 
are  genuinely  diastrophic  or  vulcanic  and  involve  not  only  the  Niagaran 
rocks  hut  ihe  Undorlyinjj  formations.  The  possibility  of  ci  yjitovolcanic  action, 
such  as  described  by  Bucher  (1920,  unpublished)  in  an  area  near  Cincinnati, 
Ohio,  should  not  be  overlooked  in  any  further  study  of  these  domes.  Cross- 
beddinp.  cleavage,  coral-reef  structure,  mud-lump  structure  and  the  "Wabash 
arch"  may,  with  the  data  at  present  available,  be  ruled  out  of  account. 
Kindle's  view  that  the  structures  are  post-Niagaran  and  pre-Devonian  is 
undoubtedly  correct. 

Ospofiif.-  Forrste  first  used  the  name  Ospood  in  189fi,  hut  definitely  de- 
limited the  formation  in  his  paper  on  the  middle  Silurian  rocks  of  Indiana 
the  next  year  (1897,  218  and  227-280).  The  detoils  of  its  distribution  were 
ffiven  in  this  and  a  succeeding  paper  (18!>8,  1!>7,  208-211.  217-2r,r;):  and  the 
history  of  this  and  other  Silurian  formations  in  1900  (1900,  41-47,  78-80). 
Dr.  Elrod,  whose  important  place  in  Indiana  geology  has  not  been  suffi- 
ciently appreciated,  was  the  fir.st  to  apply  a  separate  desigTiation  to  t)ie 
shaly  beds  at  the  base  of  the  Niagaran  section  in  southern  Indiana.  In  the 
12fh  Indiana  Report  (ISS.*;,  108-109)  he  designated  as  the  "Lower  Niagara 
shale"  the  "thin  strata  of  .-hale,  fla^r,  and  thicker  beds  of  marl"  below  the 
building  [Laurel]  stone,  to  distin^ruish  them  from  the  "Upper  or  Waldron 
shale."  The  Osgood  has  been  identified  in  Kentucky  (Foerste  1906,  18,  58, 
etc),  Tennessee  (Foerste,  190.ia,  .■ir,4-7ir);  Pate  and  Bassler  1908,  409-410, 
etc.)  and  Ohio  (Pi-osser  191fi,  :5:i4-.n;.'. ;  Foerste  1919,  373-374).  It  is  cor- 
related with  the  Rochester  shale  of  New  York  by  Bassler  (1906a,  5)  who 
says  "The  Osgood  is  chiefly  if  not  exactly  comparable  with  the  Rodiester 
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■hale.**    Foerste  two  years  previously  (1904,  S40)  had  readied  about  the 

same  conclusion.  He  corrrlatos  the  Osgood  with  "the  lenses  at  the  top  of 
the  Clinton  and  ...  the  lower  half  of  the  Rochester  shale  of  New 
York."  This  corrdation  has  been  generally  approved.  It  should  be  noted  in 
this  connection  that  a  eertain  degrree  of  nomenclatorial  confusion  has  been 
introduced  here  by  the  sufryrestion  of  Ulrich  and  Bassler  (1915)  that  the 
Rodiester  shale  be  placed  in  the  Clinton  division  instead  of  Niagaran.  as 
in  all  previous  classifications.  Chadwick  (1918a)  regards  the  Rochester  shale 
nnd  Irondiquoit  limestone  as  constitutin>r  a  distinct  division  between  the 
Clinton  and  Niagara,  while  M.  Y.  Williams  (1!)1U,  52,  footnote)  prefers  to 
retain  the  Rochester  In  the  NU^ran  series  and  says  tiie  fauna  differs  from 
that  of  the  typical  Clinton  below. 

Description. — The  Osgood  formation  of  Indiana  consists  typically  of  two 
beds  of  shale  and  two  beds  of  limestone  which  have  been  called  by  Foerste 
the  lower  and  upper  Osgood  shales  and  lower  and  upper  Osgood  limestones. 
The  lower  Os^rowl  limestone  is  sometimes  absent  or  at  least  veiy  thin.  It 
has  been  called  the  basal  Osgood  limestone  (Foerste  1897,  226-227)  and  cor- 
related with  the  Dasrton  limestone  of  Ohio  (see  below).  This  basal  lime- 
stone, whoro  present,  is  from  8  to  15  inches  thick.  The  lower  Osjrood  shale 
or  clay  imme<liately  above  it  is  a  barren  soft  blue  clay  11  to  16  feet  thick. 
In  plaees  (Ripley  and  Jennings  counties)  the  lower  part  has  changed  into 
a  rubbly  limestone.  In  the  southern  counties  (Ripley,  Jefferson,  etc.)  the 
lower  shale  is  overlain  by  from  3  to  5  feet  of  brownish  to  whitish,  sometimes 
oonoidal  limestone.  Overlying  this  second  limestone  is  the  upper  shale  or 
clay  from  3  to  5  feet  thick  and  similar  in  appearance  to  the  lower  clay.  These 
four  divisions  cannot  be  recognized  in  the  more  northerly  localities  (Frank- 
lin, Fayette,  etc.). 

The  Davtm  limestone. — In  Ohio  the  Brassfidd  is  overlain  by  several  feet 

of  hard,  fine  grained  limestone,  which  was  (]uarricd  for  many  years  under 
the  name  of  "Dayton  stone."  This  designation  was  adopted  by  Orton  (1871, 
SOI,  etc)  as  the  geological  name  of  the  formation,  though  the  name  had 
been  u.«rd  in  a  commercial  sen.>;e  before  that  <lato.  (See  Ohio  Survey  Reports 
of  Progress  for  1869  and  70  and  vols.  I  to  VII.  1873-1893.)  The  name  first 
occurs  in  Indiana  Reports  in  1869,  when  Raymond  (1869,  1st  Ind.  Rpt.,  198) 
stated  that  "the  most  valuable  building  stone  in  the  county  [Franklin]  and 
probably  in  the  state  is  found  in  Laurel  and  Pos^  townships.  It  is  of  the 
same  character  and  belongs  to  the  same  formation  as  the  Dayton  stone  so 
extensively  used  in  Cincinnati  and  other  places,  and  the  same  as  that  found 
at  Greensburg  and  St.  Paul."  He  evidently  had  in  mind  the  Laurel  lime- 
stone. In  1896  Foerste  rcferi-ed  three  or  four  feet  of  limcbtone  resting  on 
the  "CHnton**  (Brassfleld)  at  Eltchom  Falls  to  the  Dayton  limestone  (1896, 
199),  and  in  the  .same  paper  called  the  lower  part  of  the  Laurel  ("Ospood 
phase")  the  Dayton  limestone.  The  name  was  not  repeated  in  the  1897 
report  (21st  Indiana),  but  the  lower  limestone  of  the  Osgood,  as  already  in- 
dicated, was  called  basal  Niagara  or  lower  Ospood  limestone.  In  the  24th 
Report  (1900,  80)  he  says  "At  the  base  of  the  Niagara  of  Ohio  are  several 
feet— two  to  five— of  hard,  fine  grained,  white  limestone,  which  have  been 
called  the  Dayton  stone.  .  .  .  Above  the  Dayton  is  a  series  of  rocks 
.  .  .  which  evidently  correspond  stratigraphically  to  the  Osgood  beds  of 
Indiana."    In  1904  (1904b,  29)  he  definitely  corrdated  the  Lower  Osgood 
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with  the  Dayton  limestone.  This  correlution  hus  been  repeated  hf  Butts 
(1915,  81),  who  eorrelates  the  lower  Osgood  limestone  with  the  Dayton,  and 

hy  Prossnr  (1916,  Sfif?)  who,  apparently  following  Foerste,  makes  a  similar 
corrdation.  Foerste  (liN)6,  17,  50;  I90d,  1,  4)  also  correlates  the  Dayton 
with  the  Oldham  limestone  of  Kenhteky. 

Kaun«  of  Xht*  Onk<iimI.  Ku^iiilM  ntv  IH'I  vits  iii>iuni!i  tif  in  Ihi*  ()^^(k»(I  formalinn.  ry-tiiln 
bfinii  the  miml  common.  Ita««lrr  (l!lir..  I)h7-I»j>.m  Ii^Is  the  r<illowinK  m>ffi>^.  nut  all  of 
whirh  »r<-   roUMl  In  Imliunii.     Snnir  of  those  li^tt'il   woi'p   iinibalily  obtained  from   thi'  LMItfl« 

AemHtkoHrma  OBpemm  Biuwicr,  AUoriflitra  kammrUi  Miller.  ^llryjM  rrtietUaris  Mi»»>tt*> 
BmtMt&mteUm  armmUterm  (Hall).  Beruim  etmmmUia  tnHiwhte.  CtUpmtme  ntaawnue  (Hall), 
Criiftniirfla  iMMtOa  (UMdil.  CMWiwtonaMK  imMumui*  (Hall).  C.  mraUxIm  (Hall),  Carvoerf* 
aitn  ttUytinui  (MItler  anti  Gurlpy).  C.  hammrm  (M.  A  C).  C.  inHianmaU  (MlUcr).  C.  ofnafaa 

Jlair,  CVraiii'//'<'rii  lfll^l  l.  (If<l  tinll,  r.  niuhuk  hm.i  F<iis>li'r,  Chaitmaloimra  »*ptrmt»^riala  (Hall). 
ChflMryjHi  ly.-!  i,,lnlt'  {Hull),  t'otUtrli  Ilia  oarriMuna  Mn.i-ilor.  Corfinotrupo  tKmtimitiji  (Vine). 
Cfirtia  rx  i"'>i  ■ ''l'>  ( \Viil)li'iil»<>r>;) ,  ('.  iMnrlia  (Billinl•^^.  (' mlori  ran  rinrlulum  KoiTsti'.  Oalma- 
ttrUa  tlruantala  Dalman,  Itatmanili n  limuluru*  (Green),  lUaphoroatoma  Hiflonmar  Kocnitc.  D. 
ntafforriMt-  Hall.  Ifuneanrllm  boxaliK  Nlrhol.ion,  S»trrota»ma  colieutum  (Hall).  Kridotritpm  ulrimtm 
(Hall).  FttvMitet  tritMMa  E.  A  H..  F.  forbrti  a  *  H..  Gom^utrfUiUm  indimuiuia  MUhr. 
Htftoptrm  (teaaa  (Baarier).  II.  rieimmttilm  (HaH).  Hoheprtiln  atipatm  MOIrv  U,  mgimm  Millar 
«  Fafa«r.  //.  amplm*  Miller.  //.  mtprr  M.  A  G..  //.  l<arHtu»  Miller.  H.  6nifrfMi  Milter,  ff. 
braunt  Millar.  //.  rannrMx  Miller.  II.  nllrtli  Mlllpr.  //.  eummudtui  MDIer,  //.  rfwrri  Mill«r.  H. 
rltgann  Millri.  //.  iu/><i<  MiM.  i  //  „ti,l<,isu»  Mil|<-i.  II.  imrhin  Milli'i.  //.  iihiihuk  M.  &  C.  It. 
iMrfmni  nnix  Miller.  II.  imiili^-ni,  iisi...  MilU  r.  //.  ki  ri(i/ii<«iii/M»  Milli  i.  //.  oiiialun  Milk-r.  //. 
liai'uUinuii  Milli  r.  //.  /<arr«'u«  MilliM.  //.  );iliiruiH»  Milli  r.  //.  iir4»  Miller.  //.  r«(Mn<fiM  Miller, 
//.  aeilH/iH  Miller,  //.  ■panvirri  Miller.  //.  M/tkarroidaliii  M.  &  C..  H.  aitlendetm  M.  A  G..  H. 
MftMWtiM  Miller,  ff.  aakratawtae  Miller,  ff.  taaiMte  Miller,  ff.  tarMaafM  Miller.  fV.  KiilricaM 
Miller,  ff.  wtOurhwi  WOmr,  If.  ip»lwjl  MtUer.  If  iialjih««  Mftotnuk  reenfae.  f<NMr»jM  jwaelala 
Hall,  l.86refcia  rfrfiralata  Parka,  l^rptama  rhomhnUtaiM  (Wilrliena).  rfrftmalia  eoitrratWea 
Hall,    l.iorlftna   ax/xrHiri    (Hall).         >   i>lniiatu>H    UaH^lcr.  mu'lii'iiruw    ll»>i«lcr,  lA)rulipora 

amhiuHn  iirirurmnr  Hassler.  Af<  sof  nr/Mi  HumniiYormiji  ( Hnll  I .  Miinutri/iia  lun/aiiiini  Hns'lcr, 
,\'trh<il.<i>)u  llii  florida  iIIhII).  ;iMr/.  o.-jurii  j.ii.ir>, ;•(((«  Hall.  Ilrlhin  flahiHilm  I'lMMslf.  <>.  infcr- 
piwata  FoerBtc.  Ortkmtroi^kia  fasriata  (HhIII.  O.  ^**iiitriata  iFM-mtr),  Parhndiflua  rraua 
CHall).  Pkmm^mr*  entiformia  Hall,  riaoerinua  Qtmmiformia  Miller,  I'lat^errtm  prvHMm  Foerste, 
ftflaiMrfas  afraalii  (Nicbolton).  f{M»M»m<il«  *y6rMa  (Sowerby).  RKomiMtniP*  qmitiU/era 
Balder.  MvNdkeCrrta  cwtMoAa  amrriraiw  (Hall).  SdbiiHh<vMla  aiifciifaiM  (Coniail).  Seiafeeeeiaiam 
Imairrpa  (Hall).  Spirifrr  rtutora  (Hall).  niavarinna  (Conrail),  .<?.  radiatua  (SoWCltgr), 
StrpkaniHvrintu  rornrtli  Miller,  .Sf<-;ih4Iiiorritiii(i  ttrfttrmiit  Rowley,  S.  Honaol»»  Miller.  .S.  fffai- 
miiorinU  Hull.  hamtmUi  Milirr,  .s".  ithityruii:\iliili  ■  Mill.  i  ,  s'.  lutgoodrniii''  Mill'r.  N  r;i/iTii,u<- 
l>arlilu»   Rowley,  i\lriatiti>nra   lli.r^imn    Hull,    Thtria    major    l{4>minKer,   TrrmaliM-u'l'i  hammrllt 

(Miller),  T.  aubalobonuf  i  Millet  i.  Tr,  maioimra  tpkmUia  Miller,  T.  tnkeroilotm  Halt  TrtfMa 

(Cliftunia)  tmax   KiH-mle,    H'hitfii  Irli  Ha  r/xarfi Ofip»J«iri»  Ko<T»te. 

Laurel. — The  important  quari-j'  rock  of  Franklin,  Shelby,  Decatur  and 
Ripley  counties,  eonstituting:  the  main  "clitT"  lock  of  the  Ohio  bluffs  below 
Madison,  was  ncimed  Laurel  limestone,  fmm  the  town  of  I^aurel  in  Fiank- 
lin  County,  Indiana,  by  Foerste  in  18U6  (1896,  18,  lliO),  and  this  name  has 
been  used  eonsistentty  rince  that  date.  (Foerste  1897,  1896,  1900,  1901, 
lf)01a.  inon,  KlOlb,  IDOfi,  190ab,  rtc:  Pate  and  Bassler  IfOR;  Kindle  and 
Barnett  l!>Ui);  Newsom  1903;  Elrod  1992;  Taylor  1906;  Culbertson  1916; 
Blatdiley,  Bassler,  Ulrich,  Milter,  Prosser,  Butts,  etc.,  etc.).  Elrod  (1902, 
209-215)  has  sujfgeste<i  that  there  is  a  »lisconformity  ])ft\vi  (  n  the  LaVYd 
and  the  Waldron  shale,  but  this  has  not  been  generally  recognized. 

The  Laiird  limestone,  or  better,  dolomite,  (Butts,  1916,  82)  is  an  evenly 
bedded  almost  white,  hard  rock  from  40  to  50  feet  thick  in  Indiana.  The 
layers  vary  from  4  to  16  inches  thick  and  in  the  quarries  furnish  dimension 
stone  of  the  proper  thickness  for  various  purposes  such  as  lintel.s,  curbing, 
sills,  sidewalks,  etc.  i  n  K  tFt  r-oii  County  the  formation  is  yellower  in  color, 
dniqr,  irregularly  knotty  and  unfit  for  quarrying.    In  Clark  County  it  is 
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Mfter  and  mora  Arpllaceous  and  weathers  l  apidly.  Little  is  known  of  the 
fauna,  though  numbers  of  large  coiled  ccphulopods  have  been  found  and 

numerous  crinoids  and  cystids.  The  rock  has  been  extensively  ,  i n  icd  at 
Osprood,  St.  Paul,  Laurel,  etc.  The  Uurel  formation  should  probably  be 
con-elated  with  the  Lockpurt  division  of  New  York. 

Fuiw  or  Uw  Laurel  UmcOan*.— The  Laiurd  h  wry  nMriasly  faMlKCMmn.  Buder  (ItlS. 
U9l.m)  IliU  Uie  foUowinir  apcciM.  not  all  of  whldi  wc  Iron  tmllwHi: — AmteorrimuM  amfrieana 
Witcbiiniuth  A  Sprinirer.  Arlhaftnttilm  arittpfiw  MIDer.  AUotrhnu  hmrdfrti  Mlll«r.  Amitlrrma 
ehtrtw  Millt'i.  \naslrai'hiu  ii.l,:>nni<nn  Hall.  Atrni>a  xlirularin  Linnai'U".  .1.  noduntfiata  Hall. 
BvrovHi  uciinun  ranalu  u'.al  H»  (Miller*.  H.  (')  inrtiani  nniii  (  Milli'r  &  (iurlcyl.  Calhrrinu*  hi  arh- 
tcri  W.  A  S..  Ca'iinnm  ntuiyar  i  nniK  Hall,  ConofaiHiuiM  ilrorii  Miller  .  ('t,i  iiiton  tihalu*  br/i  >•<  lofiux 
(M.  a  G.).  C.  jtfclwetai'noiW'H  ((irern).  CifiiAvn  inuK  tiurhui  Milk-r.  C yrttx->  ram  huiranti  Mlllt-r, 
C.  kt^faunrnt  MUlera  C.  naakeiUf-M»e  Miller.  ItalmanrUa  rUaantula  (Dalman),  l>airtumor'rtUi 
MMHtatam  (Sawcttr).  DeU*erimuii  indianrtttk  <  Miller  I.  Kmpervermut  hulimttnuu  M.  a  C 
f muMftra  apMaertu  Hidl.  ComcWmm  •■MriMeini  Miller.  O.  ventrieonu  W.  ft  S.,  GyrwvrM  efradf 
White,  //a6rocnNiM  hoirardi  (Miller).  Holocuttitr*  piutaloHUM  Miller.  fiMliaiiorrmiM  yunetatua 
M.  A  C,  Maeronli^oerinHt  indianrntui  M.  &  C,  Mariacrinux  aurraliui  Miller.  M.  (fi  vaHiUoinw 
Millfi.  jW<  i(ir/ i>iu'<  a)c;uu/iic  Miller,  Si.  uhlnnuw  W.  k  S.,  /"•'I'nVhiwn'neUi  ornadM  ( H.  &  W.). 
/'.  Mi<i6rrj«iM  (M.  &  C).  /Vta'orrrNK*  (oni/itu  Katticr,  I'imorrinuM  harrului  M.  /it  <>..  /'.  arm- 
miforniu  Miller,  I'laamoiMtra  foUia  K.  A  H».  Si>irifir  rri«/ruii  »%mf4i  x  (Hall).  radialua 
(Sowerby),  Strt^lMwn  •fommueU  RamiBsmr.  5.  gQrbui  Miller,  Strib«iQcytilr»  gorbyi  Miller, 
S.  aphmtnUUH»  M.  A  O..  ST.  CwnMiw  Miller,  S«Mi(mi  fcniMlMi  Miller.  UnetnuiuM  ttrirUmtdl 

(Sowerbyl.    %oiJu,rritiuf   htiiraifi!  Miller. 

WfUdron. — Elrod  proposed  the  name  Waldron  shale  from  the  famous  Hall 
quarry  locality  on  Conn's  creek  in  Shelby  County,  in  1888  (1888,  106,  111). 

The  names  "Waldron  bed"  and  "Waldron  fo.ssil  bed"  had  been  ustnl  locally 
for  many  years  previously  and  appear  in  the  11th  Indiana  Repoi-t  (1882). 
It  seems  doubtful  therefore  whether  Elrod  should  receive  credit  for  the  name.* 
The  marvcllou.sly  pre.><erved  and  abundnnt  fossils  of  the  formation  originally 
described  by  Hall  (1862,  1871),  1882),  and  made  the  basis  of  Oeecher  and 
Clarke's  classic  memoir  on  the  development  of  Paleozoic  Brachiopoda,  have 
made  Waldron  one  of  the  most  famou.s  fossil  localities  in  America;  and  many 
splendid  collection.s  have  been  made  there  and  at  Hart.>^ville,  Tarr  Hole,  St. 
Paul,  Vernon  and  other  outcrops  of  the  Waldron  bed.**  The  literature  of 
the  Waldron  Is  extensive;  but  the  prinei|»al  papers  are  those  of  Foerste  (1888, 
1896,  1897,  1898,  19O0,  1901,  1901a,  190r^a,  l<M)9b)  ;  Cuminps  (1900):  Price 
(1900);  Kindle  and  Bamett  (1909);  Hall  (187Ub.  1882);  Pate  and  Bassler 
(1908);  Elrod  (1888,  1884,  1902);  Bassler  (1906a);  and  Butts  (1916).  The 
fomiation  extends  with  character.-^  uh.  f.antially  intact  into  Kentucky  and 
Tennessee.  It  cannot  be  identified,  however,  north  of  the  southern  boundary 
of  Rush  County  In  Indiana. 

The  Waldron  .shale  varies  from  a  very  soft  lifirht  p:reenish  Rray  to  bluish 
fragile  day-shale  to  a  calcareous  knotty  shale.  Toward  the  north  the  clay 
gives  way  to  limestone.  Its  thiekess  varies  from  a  foot  to  8  to  10  feet.  In 
Kentucky  it  is  still  thicker.  The  famou.^^  fauna  is  found  only  in  occa.«ionaI 
"colonies"  of  limited  extent.  For  example  a  few  yards  away  from  the  cele- 
brated "Hall  quarry"  the  shale  is  absolutely  barren.  At  Tarr  Hole  on 
Clifty  Creek,  half  way  between  Hartsville  and  Newbem  in  Bartholomew 
County,  fossils  are  exceedinjjly  abundant,  while  a  mile  farther  up  the  creek, 
near  Hartsville,  a  beautiful  outcrop  of  the  shale,  by  the  side  of  the  road, 
is  practically  barren.  In  Kentucky  (Butts,  1916)  the  shale  is  barren,  while 

•  W»il(«   mi«lnkcnly   ci.Uit-    the    name   to    KIrod  I.-5th    Indiana   Reiwrt.    pp.   93,  tS. 

••The  luune  "Waldron  windstone"  wu  later  uaeil  by  Gallaher.  Miaaouri  Geolofrical  Surrey. 
Bltsafal  report,  ISN,  p.  iS,  for  mi  apper  Gftrbmlteraiw  fomuiUMi  of  Hiewmri. 
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in  Tennessee  Fuer.ste  (r.>01)  hiis  collected  u  very  extensive  fauna.  In  the 
latter  state  the  fomnation  ie  known  as  the  Newsom  ahale. 

The  Waldron  is  disconfoi-mably  overlain  by  the  Louisville  limestone. 

FlMtBft  of  Uw  WnUron.-  -Thia  fomMtkm  has  tht  most  abundant  and  well  preacrvcd  foaaila 
of  any  SiHurlan  fonmtlen  of  ImHmmi.  Tke  tMamtmi  Ifart  of  ■pectea.  ladwdca  ttie  fonm  found 
In  InillRna:  Aearoerimua  rtrodi  Waehsmuth  and  Sprinxer.  .4{liMiraMi  wolHrourmtr  Ulrirh  and 
Kaiwlrr,  .tm|ihrrtalorW«u«  *  falw  (Halt),  .t.  fHpua  Hall,  Awfihifortia  triHiii  Hall,  Ananlroiikla 

inN  rnditr'ri*  llnll.  l/rfirimni  k.-.k/.  ii/u/i.,  illnll),  .l(rv;«l  rr7irii(uri'«  (  I.inniii  \is  > ,  .1.  ,  ,  ,' in. 'ir/ in 
NiaMUx  nmn  NfttU  i  ulh.  .  IxroWirl  >i«n  xi/nnitxt  Vine.  .1»<w<«»/m>>ii/i<i  iirnitiiurna  ini.-illa  Knulf. 
AlrvpfHa  f^ijt/iarr'i'iM  (Hull),  .\utnintta  itnitu?^  Httll.  }iai'm*h»ltutH  iunttu'w  Whitt*,  HatoMtonn  Ua 
yronmlifrra  (Hall).  Brtlrroiihvn  tubrr  Hall,  Bi-rnirra  cannimiti*  I  IxjnnlHU-) .  Hrurirkia  uranuioM 
Halla  B,  watdroiXMaM  Ulrlch  and  Banler.  BUobilca  friiobiu  (Linnaeuif).  Hatruocrinua  nmelemt 
iHaU).  B.  ptiw*  (Hall).  Bummitm  mrmutrnt  (Hall),  B.  ioxu4  Hall.  ttalAolrr/Ai*  vrdrilM  mwm 
Han.  C«hnN«m>  nAiMiviMfa  Hall.  CamarMoMlilB  (f)  urtaaa  (Hall).  T.  (Stegerkutuhwtt  wkitei 
(Hall).  CamoapMlffiVi  jaulamt  nurmottrhala  (Hall).  Cmmo$>ortt  f  mmflunw  Hall.  C.  rxplanata 
Hall.  wofha  Hall.  C.  rariiiora  Hull.  ('<  ratorrfihalm  fimbriata  (IIhII),  Chaunoiirupluii  nnrrUun 
Urnlb.  Chiniuui  )Mij)((iri  .iM,  'Hjilll.  <  h  lint  i  ii  I'tx  raWu  (Hnlh,  C.  foriitlata  (Hnll).  (')!•. «</«•« 
unduUilut  Hall.  ('lai{i>iMtra  Hiirmi  iiUtMa  Mull.  ('(<"in((a  /ornirafa  ( Ilnll) .  Cofrt^/iui  <i|>i>ii4/iii  IIhII, 
ConularM  mfnituinn  liall.       j>rof>i'iNit  Hall.  ('iir</ni<frir/Ni  ilmrtiinilri  (Vitu-),  ('.  <  foni/ata  (Vino). 

Crmua  aeti/eru  Hall.  C.  •duHana  Hall.  C.  aprinitm  Hall.  C'valfcorriaMa  .'  arma/iM  Hall.  C. 
*«w<IMi  inicr.  CadwmH  CMtraa  (Hall).  CviAnaim  e*rHl«{  Hall.  CyjmronlmtB  arala  Hall. 
C.  mtowrta  H.  ft  D..  Ciirtte  Mtrrtis  (BUIIihib),  CitntUtm  ataiMMW  HaM.  fMwaarlia  drirantala 
(Dalman).  OalwcNftf*  Mrwmfa  (Halt),  O.  kaJti  Wdler.  f>.  ivrraiwiot  (Hall).  DttirwNWvraa 

annu/ofMni  (Sowerhy).  Diltarrinu*  ulii/matuii  (Hall).  P.  lunirtitii.t  Hull.  A'l'amr nu/iura  in^rii/u>n< 
(Hall),  ujii-h'h»i    (Mailt.    /'.   nuhimhrirata    (HnlH,    /Jici/</i><i fifn dki    >i ini/<ir<  n>«     iHkIU.  It. 

pirhium     ill:i!li.    I  iirl  nutii  Ha    flirutata    Miill.    lUnc  i  ,iri  i  mii    tnfui.ifi,  />.  orciritnlaliM 

(Hall),  /.».  irnlih  iiniHjiiM  (M.  &  I).  I .  I>nnrani  lla  httrtfiliK  Nirholson,  Untoinxx  mtlilronrmiiii  Ulrieh. 
Kridatrui'a  irhinala  (Hall),  Ku'a' iiptorrinun  rrafHti*  Hall,  K.  rlliplif tm  Millrr.  K.  ilrodi  Miller. 
K.  ovalM  Hall,  S.  tuftrrralalH*  Miller  A  Dyer,  Buompkabtiitmu  •iaiaa  oitaolctaa  Ulrlch.  fa*4^ 
tUn  farttft  itttUnaaBm  (Hall).  P.  apnn'vrraa  KaU.  FennMlm  MKMrimta  HaM.  P.  prnnnOipof 
Hall,  f .  iirrteiiiifo  HaM.  F,  pr^ixa  Hall.  FiMtilii»0r«  haW  Rominsar,  F.  tWilMta  Roailnger, 
F.  nrglfela  marutata  (Hall),  Goniophora  iprtiaum  Hall.  Girrorrran  ahruittnm  HaM.  ffoOaiiora 

1 1' i/iiitl  iilii  iHnlll.  //»inal>a(ita»  ttt  Iphinun  iikalun  '  Hall,  llomoifi"  .1  tr  Hull.  //(ii>i»,  r>H;ii'i  <i 
«»firiii>i  ( K«'<Th<'i  unci  Clarke),  llomoronu'  anrilta  (HaM),  Irhlhiim  1  ninn  iulinntiu'ari.i  Mall, 
InorautiM  divarieatum  Hall.  Inrhadilin  KuhturhiiialuH  Hall.  Kiunort  raH  rann  lltilum  (Mulll.  Lauip- 
terorrintu  parvuK  Hall,  /.< mnorriniu  iiuhHIum  (Hall),  Li'inrtlilia  faba  Hall.  I.rptaina  rhvm- 
boidalU  (Wilckpnii),  Ltptolrfiini  t  Sphanion  (Hall),  LingtUa  ffihhona  Hall.  LioHrmu  f  nrmd- 
(Hall),  Loewlipvn  »mbiam»  (Hall).  LyrMertnaa  mcftua  (Hall).  MacraaCvtoertoaa  luniatm 
(Hall),  M.  »ra»Mloraa  (Hall),  M.  ■(rteh»  Hall.  AfartarrAiwi  cwlfyi  (Hall).  WrlorWMM 
ot«Mi4nu  Hall.  Mrriatina  maria  (Hall),  M.  rrclirotfrin  Hall.  Hrtopolirkiu  hnfiniui  (Hall). 
MinmtuM  tvaldronrnait  (M.  It  O. ),  Modiolopnin  t>rr(afNji  Hall.  Af.  nHbalalun  Hall,  Monolruitrlla 
ronximi/iii  (Hnll),  Murlottartfilua  i/orlim  Miller.  Afifh/rimi  a<-M/i>»iirr(i  (Hnlh.  M.  miuHla  Hall, 
AfauttlHJi  OTfOttiM   Halt,    Ntmatopma    marroiiora    I  IIhII).   N.    minuUi    iHhII),  Nurltonpira 

piuformia  Hall,  OrthU  hrrinlirti  MilUr.  OrtSin  (f)  mUnttdam  Hall.  Oilhanitt*  Kimulator  Hall, 

f'atacaaiaaaw  fraraa  (Hall).  raUwkara  f  inertmaat*  Hall,  /*.  oJTa^a  Hall.  Prrrithocrintu  ithit- 
iUU&  (HaM).  fMUmpm  avaNa  HaB,  f*lot«eWHii«  ■tfairMa*  Hall.  J>t#rtaaihoai(«a  trawaiitraaWa 
IWahimhefK).  Ftiwr*  «am/«rtm  (HaU).  f>.  jmaetortrjats  (HaM).  P.  Mntala  (HaM). 
MtlMoerroa  wediilarD  (Hall).  fVtadalboratra  niafformaj*  (Hall),  Pterinra  fcriaa  Hall,  rUI»- 

dietua  anifwtta  (Hall).  Ri  rr  ptantUn  MXeulu*  Hull.  Uilirularia  hiroHlata  pftila  (Hall). 
Hhipidunii  lla  hiihrirta  ( S^iwi-rby ) ,  Bhtmeholrtla  rumalii  anniicamt  (Mailt.  SnmnitrrinuK  amrri- 
rantui  Sptiti.;!!.  Srhif  h'  1  h  lla  tuh/ilann  IHhIIi.  f<»Hi..  (Hiilh.  Si  iiiiritHiiniHtii  nrim  uiii  (Hall), 
SpatUlpvra  marulitin  iMiill).  Spirihr  rri.«//ii.«  I II  isint«.'r ) ,  ,S'.  crispuit  mmpUx  (Hall).  S. 
tuttrm  (Hall),  5.  radialtm  iSiiwvi'byl.  SihiuiI.ih  '  ih  ruonu  Hall.  S,  inornatun  Hall,  SIrphaHO- 
matt*  grmmi/mmu  Hall.  S.  prntalohu*  (Hall),  .StiXotryya  orMpora  (HaU).  S.  ttimiUa  (HaU), 
StrtpUlmnM  rmdienu  HaU,  StnfhroiamU  profntidm  HaM.  S,  urmifaafiM*  HalL  5.  atWata 
(Hall).  Strofikartiifaa  evHMaaiw  Hall.  5.  ryelaaloaiHa  HUittmttuu  HaU.  rrrHiatopara  fcalU 
Ulrlch.  T.  T  tintnaarU  (Hall),  T.  ttplrutmla  Miller,  t.  whilfirMi  Ulrieh,  Troehiterrmt  traldnm- 

)TiKr    M.ill,    f 'iiciii  hI  i  irl.hiiiili     I  S'<irt  ri'by ) .    l'iMi(/(t    riiilirifut  iiiik     IVinct.     1'.  Tadiriiitrtni* 

eoHftrta  Ulrirh.  Hhitjiildt  lla  niltda  (Hall),  Zatihnnlia  cilalor  Hall.  Xuv<"l"''<'  m'aima 
Han. 
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LouiKviUe. — ^The  name  Louisville  limestone  whs  introduced  by  Foerste  in 
1897  (1897,  218)  from  the  fine  «ai^ui-es  of  this  rock  east  of  the  city  of 
Looisville,  Kentucky.  The  same  name  had  been  used  by  Hal!  (1879a,  ino-l-l?) 
for  B  I>evonian  foiTnation  of  New  York,  but  was  dropped,  .so  that  Foerste's 
namelTas  been  generally  adopted  (see  Foerste,  1898,  1900,  1901.  1903a,  1904b, 
1906.  1909b,  1919,  etc.;  P:ito  and  BuKsler  1908;  Ihissler  IDOfia,  Hd.'S,  etc.; 
Kindle  1901,  1904;  Kindle  and  Bamett  1909;  Newsom  1903;  Hopkini>  1904; 
Price  1900).  Newsom  (1903,  285)  tdves  '^Louisville  limestone  and  Utiea 
lime- rock."  Tn  1900  .1.  A.  Trice,  in  a  paper  on  the  Waldron  horizon  (1900, 
84,  85)  proposed  the  name  "Uartsvilie  bed"  for  a  layer  of  limestone  overlying 
the  Waldron  shale,  which  he  says  is  the  "stratigrraphieal  equivalent  of  the 
Louisville  limestone."  It  was  a  quite  unnecessary  name,  and  has  not  come 
into  general  use.  (See  Kindle  1901,  537;  Hopkins  1904,  39.)  Hopldns,  how- 
ever, (loe.  eit.)  malces  the  Hartsvillc  bed  a  subdivision  of  the  JefTersonvillc 
limestone. 

In  western  Tcnnes.see,  arrnrdinfr  to  Pate  and  Ba.s.'jler  (15>08),  there 
intervene  between  the  Waldron  and  Louisville  (Lobelville  of  Tennessee)  270 
feet  of  shale  and  limestone  comprised  in  the  Lego,  Dixtm,  Beech  River  and 
Bob  formations  (in  a.^cendincr  oiHor).  This  .sequence  is  totally  unrepre- 
sented in  Indiana  and  Kentucky  where  the  Louisville  rests  directly,  and 
obviously  disconformably,  on  the  Waldron.  The  Louisville  foimation  is  68 
feet  and  five  inches  thick  at  the  quarries  in  the  eastern  part  of  Louisville 
(Butts,  1915),  and  varies  from  42  to  100  feet  in  Jefferson  County,  Keniuclcy. 
In  Indiana  it  is,  according  to  Foerste  (1904b,  82)  55  feet  at  Louisville,  67 
at  Charlestown  Landing,  30-35  at  Hanover,  25  at  Paris  Crossing  and  10  at 
Vernon.  East  of  Greensburg  it  appears  to  be  absent  and  it  cannot  be  recog- 
nised as  a  distinct  formation  north  of  Rush  (Tounty.  It  is  disconformaUy 
overlain  by  the  Devonian  limestone  (see  betow). 

At  its  type  locality  the  formation  is,  accordinfr  to  Butts  (1915,  88-89) 
a  gray,  finegrained,  thick-bedded,  low  magnesian  limestone.  The  different 
layers  vary  somewhat  in  composition.  Magnesian  carbonate  runs  from 
2.16*^5  to  29.7fi%;  Calcium  carbonate  from  48.85'^  to  91.8' i  ;  Silica  3.40';  to 
26.56'/' ;  Alumina  3%  and  less.  The  exti-eme  percentages  of  Magnesia  and 
Silica  and  low  percentage  of  lime,  are  not  representative.  The  Silica  in  the 
limestone  is  larjrcly  in  the  form  of  chert.  In  Indiana  thr-  Louisville  is  a 
light  gray  to  yellowish  or  bull,  massive,  magnesian  limestone,  practically 
barren  of  fossils  north  of  Jefferson  County,  Indiana.  In  the  Louisville  region 
it  is  very  fossiliforous  especially  abounding  in  corals. 

There  is  some  difference  of  opinion  about  the  correlation  of  the  Louisville. 
Foerste  (liM)4b,  34,  35)  says  "The  evidence  of  the  presence  of  the  Louisville 
and  overlying  beds  [in  Northern  Indiana],  however,  is  conclusive."  The 
highest  horizons  exposed  in  Howard.  Carroll,  Cass.  Miami  and  Hamilton 
counties  are  "characterized  by  the  presence  of  various  species  of  Conchidiuin, 
in  addition  to  nmnerous  other  species  frequently  found  in  the  upper  part  of 
the  Louisville  bed  at  Louisville,  or  at  still  higher  horizons  in  Tennessee." 
These  Conchidiuin  beds  apparently  fall  in  Kindle's  Lower  or  Noblesville 
division  (Kindle  1904,  406-408),  above  which  he  places  the  Huntington  lime- 
>tone,  correlated  with  the  Guelph  of  Ontario.  Foer-^te  (loc.  cit.)  seems  to 
have  regarded  the  Conchidium  beds  as  higher  than  the  Pentatnerm  (Hunting- 
ton) beds.   Butts  (1915,  99)  dtis  Faersta  and  Kindle  as  above,  and  says 


456 


Department  of  Conservation 


*'F<wrate  wcprew s  the  opinion  that  the  limestone  which  he  correlates  with 

the  Louisville  lies  at  a  sliphtly  lower  horizon  than  the  limestone  at  Iluntinpr- 
ton,  Indiana,  in  which  Kindle  reports  several  species  of  the  Guelph  fauna. 
If  such  a  relation  of  the  Louisville  and  Guelph  exists  the  equivalence  of  the 
Louisville  and  part  of  the  upjicr  half  of  the  Lockport  dolomite  of  Now  York 
is  indicated,  for  wedges  of  Guelph  dolomite  carrying  its  peculiar  fauna  are 
included  in  the  upper  half  of  the  Lockport  dolomite.  Moreover,  the  Louis- 
ville fauna  pni  takes  largely  of  Rochester  (normal)  forms,  and  many  of  these 
forms  pass  into  the  Lodcport,  where  they  occur  in  portions  of  the  Lockport 
intercalated  between  the  wedges  carrying  the  Guelph  fauna.  Furthermore, 
in  as  much  as  neither  the  Lockport  nor  Louisville  contains  any  considerable 
representation  of  a  Cayugan  fauna,  but  almost  exclusively  a  Niagara  one 
there  seems  no  reason  for  assigning  the  Louisville  a  younger  age  than  upper 
Lockport.  ...  It  would  follow  that  the  Laurel,  Waldron  and  Louisville 
are  about  equivalent  to  the  whole  of  the  Lorkport." 

Nevertheless,  Ulrich  (1911,  560-561)  places  the  Louisville  above  the 
Guelph,  which  he  regards  as  of  identical  age  with  the  Lockport:  and  tiiis 
correlation  is  repeated  by  Bassler  (lOl.'i). 

The  Louisville  is  believed  by  the  writer  to  be  of  upper  Lockport  age; 
while  the  Guelph  faunas  which  began  to  Invade  in  Lockport  time  continued 
to  live  on  in  a  sea  of  ^rrafhially  increasing  .salinity,  long  after  Lockport  time 
and  conditions  had  passed.    (See  M.  Y.  Williams,  1919,  75-76.) 

Ftaum  of  fhe  Laatsrin*.-  Tht  npeele*  listed  below  represent  the  Loalavllle  fkana  of 

XoRtadv  and  Indinnn  (nftcr  Itii-^^liT.  HM'iK  Nut  hII  of  thom  hnvc  ns  yi-t  lH.vn  itli-ntlfioil 
In  Indtana,  where  lcs>i  coUn  t  in-.;  has  lK'«'ti  iluni'  than  hcmiss  the  Ohio.  .Since  most  of  them 
fill  t-.'-m  near  LouLnville.  thiy  piiitinhly  iktiii  in  the  Clni  k  county  Incniit  ii  > :  \lvi  iilih  f 
Jtbrottu  Daviii.  .1.  louiiir\lli  nnU  Davis,  A.  thoroldi  mtiti  Parkiv,  .t.  undonu*  Miller.  AmiUi  fut 
ahtntanfl  (Edwardu  and  Halmr),  .4itiMlro;>hiii  inlrrHoiirrnii  Hall.  \.  intrr$4ieattt  Hall.  Animo- 
trinm  grrtni  (BliUer  ond  Gurkgr).  AnUopk^um  t  6it«meli«lMm  HolU  A.  (n/oreadiin  Holl. 
A.  nMmttmm.  Boll.  AtHvmftmpamtim  meoiwiw  (Booner),  Atrvv*  t^Mxi  NctUeratli.  A.  «i«r> 
fjoolu  Dolman.  A.  nodoKtriata  Hall.  A.  nrtintlorb  otefforMMia  NaltloKdi,  A.  nisOM  BsH. 
ArUopora  preeitu  Hall,  A.  vnaamara  DavU.  A.  ranelfvi  Hall.  BUMntpkuUum  efortonim  Creene. 
H.    iiiagari  niff   DavU.  i'i/k    k.j  «»   Hnll,    <'iilri,ilii    //.'/ii.-o/ Ji  uJ/ii  m  )    ntti-nuatum    (I.yon).  <'. 

corniruluiii    (t.yon).  ('nitiiiri,lr,i  rhiti   ariHus    (Halli.   ('.   mrftarK  tllall).  C.   p'»a    (HhH  and 

Whitlulili,  ( 'ar(/orrirnf>  11  kintHrkiitmiji  (Miller  and  Guiiey).  Chottoithiilluni  '  cai>ax  Hall,  C. 
radam  Hall,  i'ladopora  arulrala  Uavi*,  C.  eomplarata  Davis,  C.  rquisrtalia  Davix.  C.  latiurat* 
Bon.,  C,  mmi»  Davis,  ('.  orrfiooto  Dovis,  C.  probooetMi*  Davis,  C.  rrtictilala  Davlo.  C. 
MrfoCo  Dovia.  ClatkrMUetyam  tbmntmotideiue  Porka.  C.  rretmm  Porkak  C.  vniaOtmrn  Nicholaoii 
■ad  Hnric;  Clorhtda  wntrintm  NoB,  CoefoeoofNa  prtila  IH.  A  W.).  Cortntn  eraa&mt  (Raailneer), 
C.  taoiAMtNs  Hall,  C.  rerticiOaluM  ( Winched  and  Marcy).  ConchiHium  erasniplifiiia  Hall  A 
Clarice.  C.  rrpm-n,  H.  A  C,  C.  knappi  (Hall  and  Whitfield).  C.  lilloni  (Hall).  C.  nrlUrroIki 
H.  fi  C,  f  i«iu»  (H.  a  W.).  C.  trnuiriixl Ilium  (II,  \-  U  1  .  ('.  iiri uui Nvi  jm«-  (L'Irich*. 
Corttnotri/iHi  iln^nitnilm  (Vine).  Cfiathuphnllum  !iot>  Uavi>,  f.  i<if.  .(<  imki  Hnll.  radiatum 
RuminKer,  CuatkoHpongia  tjrrrrifinn  Hall.  Cyflonrina  Wffrtfn  f  1 1  iHalU,  ('urtia  ix  porn- eta 
(WahlenbetK).  Cyrtim  myrtia  (BillinKs),  Cttatipkyllum  grmmmlmin  Gni'ne.  C.  ifranaineatum 
nan.  C.  i»tiimm  Davla.  C.  Hm*utum  DovIa,  C.  loH^avaieiiae  Greene,  C.  mtwrtiur  Hall.  Oo>- 
otmclto  tUammkOm  <Daliiuui),  HeaoMeraurtM  prrtneW*  (H.  *  W.).  DtoykorvetooM  okwomwr 
(Holl).  IHetiwerroma  ModoiolMm  Hteholaan.  OiMerorrtnos  holli  (Lyon).  Dforwekoiwra  fni»M 

Davis,  Oipvphvltum  biOinafi  Crvrnv.  I>.  hurimirmti  Romlnuor.  Dinron  ran  inorshl  (Holl), 
KriitophyUum  mriiormr  DH\ii-.  A.',  diiiduiiw  I>a\is.  A,".  louuivHUn»r  fire<'ne.  A',  ruffowvm  B. 
*  H..  K.  mnluni  l)avi5.  Ad  io«i7<  .h  riinlatuK  K.  A;  H..  A",  rriittattui  majitr  Davi".  A",  di^ruit  Davis, 
A\  faromm  («ili1fu>s,  A',  iiitlimi  E.  &  H.,  A',  hminiti  ri  E.  &  H..  A',  luuinrilli  nmf  Davis.  F. 
niagareniiiM  Hull.  A'.  i  im  Hall.  Ciipidula  ulohuloM   ( Nettleroth  1 .  (.'.  knotii    ( Nettlenjth) . 

G.  (SkberrUa)  nueicu$  (H.  *  W.|.  G.  (SUbtrtlU)  wti»li<Ma  <NHtl«roth).  i/oiKo  divia*  HoU. 
It,  Mllitfs  BSa,  HtOtptvm  aeaamtulm  (HoH).  Volyaftea  Mtmoloria  LlnnMoa.  H.  tmhinintkin» 
OeldAiaa.  MOUIitn  eUtmu  KM,  H.  MffwUnHm  (Uaascw),  H.  wrpoitooia  MeOor.  H. 
mrVonMt  Ooetterd.  H,  mMtAMm  MeCor.  ir«ifdi*vlt»M  irMOimeatmrn  Hdt  H,  /Joe  Gtmnt. 
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H.  gtmmiformmm  Hall.  //.  mitrltum  Hall.  //.  pan-Mm  Hull,  //.  puttalnm  Hull,  /Uoraaa  fomU 
•vnw  H.  A  Wh  IffjrtMiM  rfcomboWafit  (Wilckens).  LituUtromia  !  hrrtiri  (Hall).  LophioMnmm 
•^MfMRdHM  <rw1u>.  Upkmpira  mmV  (M.  *  W.>.  LyrUte  aMcnWriMi  E.  *  H..  L.  diaemidtm 
Diivia,  L.  fflahrm  Owcik  L.  |Ni|Hllal«  Kominirer.  L.  pmrrituhm  RomlBirer.  L.  imtOa  Oavli. 

Stariojtt  itlari  inuH  mrrlti  ( Lyon  I .  Mrlorrintu  ohlnninw  Warhsmuth  A  Sprinitrr,  Mrrud'na  iHOn'a 
(Hull  I,  ,\(irhilinia  liiuitrillrnHiti  Grwne.  M.  niauari  nnt»  Daviit,  M.  prima  Davis,  Surlro*tiira 
eUgaHU  .'  HrII,  .V.  j.miroj  kiik  Hull,  f>wr/i>i inoo  viirur»s<i  Rnlirit'^iiuc  nml  Clifford.  Orthit 
fUUtrUitm  V<i.T»tf.  fJ.  ntttlirofhi  t\>vr»U:  ().  (ft  ruuii>lie«Ui  H.  &  W.,  U.  muhnodoaa  Hnll, 
Or(ko«(r«j</ii(i  (Srhiioramma)  nUi*  <H.  *  W.t.  Parhfitiirtua  i-iUKKa  {HtU},  Pmlainrrun  ftf/in- 
drltm*  H.  A  W..  T.  oltltNiinM  Sowerhy.  /'.  ftrraibhrniUM  H.  &  W..  I'lmumopaf  feUU  E.  *  H.. 
rte(»rmM  im«tH/«r«i^  Mall,  Plnmtammria  romi  Meek  A  Worthen.  I'altmmita  rmgatlkuat* 
iH.  &  W.i.  Ptyehopki^bim  btmnUtti  Grceac,  P.  /alrralam  HaB.  J*,  bivtgimatmm  INivta.  |>. 
,,,oma.a  Davia.  P.  Holrrai  E.  *  H..  ttrUnamrim  Mi*  <N«ttleratti>.  fnkfpMbMfOa  kvftrUte 
(Sowerbyl.  UhvnrkoHrlla  (')  btllni'inimi  Nittleroth,  W.  rm/i'roiifa  Nettleroth.  lihuneko»i)ira 
(fi  h'lina  Nettleroth.  lihtmrhntn  In  ruti<alii  annrifana  (Hall).  Kominu'iia  ura  Dnvix,  li. 
i-antiH'a  I)iivi.H.  Srhurh<  rtilla  luhiilana  iConrad),  S.  t>  nMi»  IHrIIL  Si>irifir  rrupuM  nimitlrjt 
Hall,  S.  ludora  (Hall).  S.  faaui  (Hall),  radiatuu  (Sowerhy),  .V.  rcMfW/uni  (H.  &-  W.). 
Strtptrlamiia  eonttltu  Raatintter,  S.  pQtula  Rominmr,  S,  apont/axu  Rominxer.  Strialopora  humn- 
nwM  Rooiliiaer.  StricMmmdimim  id  louu9aien»i$  NcttleraUt.  StnmMe*  inerrtm  Davis,  S. 
mmrnmUmna  (Owcb).  8.  pmtmpvmwi  GaUAm,  S.  pwmmtmt  Romimitr,  5.  «iHMlraN«aftrfe  Dsvln, 
S.  arjMiraiHa  Ulrlch.  .S.  •in.-mMran  Davia.  .V.  mtriattui  (D'Orbiitny) ,  awieiM  Davia.  StropkfoHontm 
ftrofunda  (Hall).  Slroi*onrlla  rotlatula  H.  S:  C.  S.  miriata  (Hull),  Stropknutiriuj)  ranrrUaiun 
(Hall),  Syinftoiioia  ( l>>  ii">o))ora )  fanrirutai  !■>  ilhivi^t.  S.  fihtiitti  It^minuii.  Thiria  mai^r 
RomirtKO',  T.  minor  Kc>minufr,  Trurhiint  ma  ttituHni  Xnll.  TrtttMititntnu*  n  inivaiitti  (Troont), 
Vneinalu*  ttrieklandi  (Sowerby),  {/.  UnnrMi  rn*iii  iKoemiTl,  Wkitfiitdrtla  ttHida  (Hall), 
WiUoHia  Mg«rai  (Hall).  W.  mgonli  tfrprraaa  (NHtlcroth).  W.  tciUoni  (Sowerby),  Zaphren- 
efMa  Mlqim  DavlB.  g.  ■mMte  Davia,  Z.  aoetaUm  Davia.  Z.  rabvfwfmterfc  Hall.  Z.  vmAmmIs 
BominRpr. 

Noblesville  and  Huntington. — The  Niagaran  formations  of  southern  Indi- 
ana thin  to  the  northward  and  run  under  the  drift  in  Rush  County,  m  that 
there  is  no  visible  physical  connection  bctuet-n  them  and  the  preat  mas.s  of 
Niagaran  dolcanites  and  limestones  of  northern  Indiana,  and  it  is  possible 
that  they  were  not  deposited  over  this  intervening  area.  The  ectent  and 
thicknes.^  of  these  latter  deposits  are  known  larg:ely  from  subsurface  data 
supplied  by  the  numerous  oil  and  gas  well  records  of  the  region,  since  outside 
of  the  Wabash  and  White  River  valleys,  outcrops  are  very  few  in  northern 
Indiana.  The  Niagara  a^^e  of  the  roeks  was  early  recognised  (R.  Owen,  1862) ; 
but  no  detailed  worl<  of  importance  was  done  prior  to  that  of  Dr.  K.  M. 
Kindle  (1U04,  3i)7-48ti,  pis.  I-XXV)  although  frequent  mention  of  the  out- 
enq)8  oeevn  in  the  Annual  Reports.  Kindle's  report  is,  therefore,  the  only 
important  source  of  infoimation  about  these  rocks  and  their  fauna.  The 
literature  of  the  curious  Niagara  "domes"  or  quaquaversal  structures  of  the 
Wabash  valley  has  already  been  cited  under  the  general  discussion  of  the 
Niagaran.    Focr.-tc  ( H>fl4b,  irives  a  biief  summary  account  of  the 

Niagaran  of  the  northern  Indiana  area  and  recognizes  two  divisions  (p.  35) 
an  "Upper  horiion  in  which  Conehidium  is  common  and  a  lower  horixon,  in 

which  rentamerus  ohlongiis  is  common."  Ho  also  states  (p.  .14)  that  "none 
of  the  lists  of  fossils  so  far  published  from  any  part  of  northern  Indiana 
give  any  evidence  of  the  presence  of  the  Clinton,  Osgood.  Laurel  or  Waldron 
beds."  On  the  othei'  hand  he  says  "the  evidence  of  the  pre.sence  of  the 
Louisville  and  overlying  beds    ...    is  conclusive".    (Sec  above.) 

Kindle  (loe.  ctf.,  406-408)  also  divides  the  Niagaran  of  northern  Indiana 
into  two  divisions  which  he  names  the  \oblrxritle  dolomite  (lielow)  and  the 
H iiudnfftot)  limf-tor?  (above).  The  earlier  \h'i\<  are  best  exposed  at  Con- 
nor's. Mill  in  Hamilton  County,  an  outcrop  mentioned  by  R.  Owen  in  1862 
(18e2,  102).   The  rock  is,  aceonlinff  to  Kindle,  a  "hard,  thin-bedded  buff- 
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colored  dolomite  lying  in  strata  three  to  ten  inches  thick,  of  which  there  are 
25  feet  exposed  at  the  type  locality.  ...  It  is  probable  .  .  .  that 
this  fomiation  includes  not  loss  than  100  feot  of  strata.  Faunally  the  beds 
are  characterized  by  such  well-known  Niagara  (Lockport  limestone)  foHsils 
■a  Sfrfrlfw  noMHt,  S.  radiatua,  S.  eriapa  var.  nmplex,  CondMium  muUi- 
eottatum,  Sphaerexoduu  romingerit  etc.  No  trace  of  the  Gnelph*  fauna 
appears  in  it." 

''In  the  quarries  at  Huntington  is  found  a  fauna  of  later  age,  ami  very 

different  from  that  of  the  Noblesville  dolomit*'.  The  [characteristic] 

oephalopod  and  gastropod  element  of  the  fauna  appears  to  be  of  distinctly 
Gndphie  affinities**.  The  Runtington  limestone  is  a  "liKht  gray,  or  cream 
COIOMMI,  granular  (iolomitic  limestone  of  saccharoidal  texture".  About  80  feet 
are  exposed  at  Huntington,  and  the  formation  is  probably  from  150  to  200 
feet  thick.  It  is  the  same  rock  as  that  called  Huntington  stone  by  Cox  (1879, 
69-60),  though  the  latter  did  not  use  the  name  as  a  geologic  term. 

Phinney  had  previously  (1884,  142-148)  correlated  the  i-pper  part  of 
the  northern  Indiana  Niagaran  with  the  lower  part  of  the  Guelph  of  Canada 
and  the  Cedarvine  heds  (Orton,  1871,  271-277)  of  Ohio;  and  the  kmer  strata 
(of  Grant  and  Delaware  counties)  with  the  Sprinjrfield  (Orton  1871,  271-274) 
beds  of  Ohio.  S.  A.  Miller  (1892,  612)  could  see  no  evidence  of  the  Guelph 
in  Indiana.  Kindle  and  Bamett  (1909,  390)  conclude  that  the  Guelph  hi 
absent  in  southern  Indiana. 

Fmmui  of  the  Niagann  of  northern  Indium.-  Bamler  (I9I&.  I602.1&03)  irive*  Ibe  fol* 
lowtna  IfaiC  «f  ipaciM  oT  the  NiwmnHi  of  mrtheni  Indiana t  Amgkif&rtia  mr^ittim  (Mo- 
ChoMiiirl.  <4««tiwphte  imtmtattnu  Mall,  AiMtMOvpiia  wrtodtnMii  KtaAe  A  Bnateir,  Amomwh 
I'mffmrnalf  Newril.  A.  newhtvrni  BIMnm.  Atrvpa  raIrM  Kettferath.  A.  rrfimlorit  CUnmminK 

/^<lrt/IlsflI^    ai)ifHluM     (lliilli.    I<     inMiiinim    tHnlh.  i-iric     Mall,    ru/i/u/i  m     i'»i/rf>  <i  1%Mi«ti'. 

(iiittaiattnrhia  '  arinuft  illiilli,  Ciratoi't  fthaia  ijantiita  XV'aiiirr,  ('hiuuiun  ntat/ai  i  n»tt*  iHnWi, 
I  t/>irhiiiiHiii    Ki</ii' iif  u  rii     Miiriratl^.    ('.    Iitloni    (lliilll.  ntMlticontalum    lilulh.    ('.    tt  ilulial  um 

Kinille  and  Hicxor,  C.  um/tn'oi  inm  (Ulrich).  C.  muitittriatmut  K.  &  B..  ('.  ou-i-ni  K.  t 
CueUmrmm  ranriUalum  (Mull).  Curlia  rxpvmtUt  mwriia  (Billinits),  Itaimanrtta  Hrganlmla 
(Dnlman).  Dalmaniu*  vigUans  Hall.  Oaiwnoerwia  mmniatMM  (Sowcrby),  INapAorMlmia 
mtrngmnmae  {Hail).  MuMiw  tamrmH  Hall.  OltMemur  wMrthti  <Hall).  Bwt«mt*  «oatl. 
lamdenMt  K.  A  B.,  Snerhmrma  kMmmmuAi  K.  A  B.,  KoUtmarim  Utpkami  (WhIlArMI. 
SmomphatoptrrmM  alata*  amrricanuM  K.  A  R..  K.  alalujt  UmatoidrM*  K.  A  B..  Gampkorrram  linrarr 
Nrwcll.  a.  iirujtrtum  Nrwfll.  (1.  tr,n\i:ii><  Hull.  <:.  iinliathrnMr  Newell.  Gafidula  (Sirhrrrllat 
uiiltala  ll>almanK  (J.  <S.)  nitch  hh  Hall  nn<l  W  hiKn  lil.  //i  ramrrorrrtu  rarahiformr  Newell, 
//.  rlilitkirolum  Nrwrli.  KioHoriran  ranrillalum  (HhIIi.  K.  Hilitkimwr  (K.  &  li.i,  K.  kmt' 
landrtur  (K.  A  B.).  l^ptarna  rkomboidattM  (Wilckeni).  Mrriutinm  mari*  (Hall).  M.  rtetintMt 
Hall,  NaWrMptra  pkiformU  Hall.  <MI»mtoplfwra  orlMrf  (Fomto).  Orlkfii  /IbMKIm  WkmnHa, 
Ortkk  (ft  wfaMrioM  Hall.  t>rlk0errmB  Mavareaar  Hall.  O.  otetnMlaai  NcwcM.  O.  tigUmrn  HaN. 
O.  aafoMMv  Werthen.  Peulatmfroefm  mintm  (Barmndol.  PmlaiifrrN*  oMoapae  ramprrmm 
K.  ft  B.,  P.  oMonaiM  rnlinAritiu  K.  tt  B..  VhraumoTfrf  aHauatum  (NpwHI),  /'.  illiiilUum 
Hall  A  WhitfipM,  /'.  fxin-um  H.  t  W.,  I'huliitonlroiihia  niaiiormni*  K.  ft  R..  I'luornnuji  Umr- 
liirli  Millci.  I'l.  rt,,c,  ran  htck  m,t, ,  nxiim  I  Whit  fiild  I  .  I'l- lhowith!Mn  .mi.-iJ,!-  K.  &  H.,  I'liuroto- 
mana   (  •' )   oj-ion   Hull.   /'.  .lor,.id,,i   K.  &   B..   /'.  hu„>    Hiill,  '   ../in   Hull,   I'ot,  umila  huKlinu- 

luntHKix  (K.  &  H.K  /'.  hiiiiliiiiili.iii  Hniit  allirnala  iK.  X  It.  i .  /'.  iilana  (K.  &  H.»,  /iro- 
lokionocirM  ntrdmllarr  (Hall).  I'rotofthrairmoreraa  kircuirm  ettrnMmmr  (K.  ft  B.l.  Hrtittdttrim 
proiima  K.  A  B..  JttipMiNHello  timlmt  Hall.  R.  hOtrUa  (SowerlqrI.  Rhw»tk»mMm  nMti 
Millar,  SkunthaHkatrrm  Aibfam  Hjratt.  ScAifotojAa  f-'J  froateri  K.  ft  B»  StknAtrUOa  aah- 
StaMo  (Conrad).  Spkarrerorhuii  romhtorri  Hall.  Spirifrr  rriapmn  HIainxer.  S.  rritptu  timpilfr 
Hall,  S.  fooffi  (NcttU-iiith).  S.  n«/>iVi«  I  llnrran<l<>) .  .S'.  tntliatuit  4  .^owerliy ) ,  Strrptoin fit iIhk 
traha»kt  nfiM  K.  ft  B..  .str„i,h,m,  lla  Hln.itu  Hall.  »  (//i<i«««.  K.  H  H.,  SlroiihoMlnlin  ranrilUluM 
(Hall).        tIrralHM  Hnll.  T. .;».  .  ..r.  ,  fi«  K.  \'   H..   Tiorhnnniii  rf.  h/.;<iin.  >m.  McChCMMy. 

WhitrUa  (ft  aUuriana  K.  &   B..    iitnlfi.  Id.  Ita   niliila  Hnll.    U  ./i..  tftta  unlUirtii    (  Hull) . 

•The  nam*  (Smipli  was  proposed  by  sir  William  Logan  in  I8«3  (Can.  .Surw,  I843-63. 
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Cayuoan.^ — (MofiTMn).   The  upper  division  of  the  Silurian  was  named 

Cayujran  by  Clatko  and  Schuchert  870-877),  and  this  name  has  met 

with  general  favor.  It  includea  the  Salina  or  Onondaga  Salt  Group  and 
Waterlime  beds  of  the  older  New  York  reportit;  and  eomprises  the  eo-ealled 
Waterlime,  Lower  Heldcrborjr,  etc.,  of  the  Iinliatui  n<  ports.  The  name 
"Cayuga  dolomite"  was  also  used  by  Chapman  (istii.  190)  in  his  "Popular 
and  practical  exposition  of  the  minerals  and  Keolo^o"  of  Canada."  The 
Cayuiran  rocks  of  Indiana  have  been  named  the  Kokomo  limestone  l>y  Foerste 
(1U04,  Xi)  from  the  excellent  exposures  of  thi.s  so-called  Waterlime  formation 
or  Euryptcrid  bed  at  Kokomo  in  Howard  County. 

Kokomo. — ^The  use  of  the  term  *'Lower  Helderbem"  in  Indiana  geology 
has  bron  iinforti^nate  on  account  of  the  chani^inp  connotation^  of  that  term, 
and  has  resulted  in  more  or  less  confusion.  For  example,  Blatchiey  (18i)8a, 
19)  says  the  waterlime  and  Lower  Helderberg  "are  closely  rehited  Ihnestones, 
uiiose  known  thickness  in  the  State  varies  from  15  to  150  feet  and  25  to  260 
feet,  Kcapeetively.  The  Lower  Helderberg  .  .  .  outcrops  along  the  Wabash 
Rtver  near  Logansport  and  farther  northwest  near  Monon  and  Rensselaer. 
The  Waterlime  is  chiefly  represented  in  northern  Indiana,  outcropping  near 
Kokomo,  where  it  is  extensively  quarried  for  buildinp  material,  and  also 
near  Logansport.  Farther  north  it  so  merges  into  the  l.«ower  Helderberg 
that  the  two  are  diffleult  to  distinguish."  Again  <1904,  42^)  he  says  in 
Indiana  the  Waterlime  and  Lower  Holdorbcrg  "so  merge  as  to  be  difficult  to 
distinguish."  The  latter  "represents  the  final  epoch  of  the  Upper  Silurian 
time.  ...  It  directly  overlies  the  Niagara  limestone  where  the  Water- 
lime is  absent.  Outcrops  occur  at  Logansport,"  etc  On  the  other  hand  Elrod 
(1902,  209)  says  "If  the  Waterlime  is  excluded  from  the  Lower  Helderberg, 
it  is  probaUe  no  true  representative  of  that  period  is  to  be  found  in  Indiana." 

The  first  reeognition  of  file  so-called  "Lower  Helderberg"  strata  in  rocks 
west  of  the  New  York  area  was  by  Hull  (184."?,  512)  who  referred  certain 
rocks  in  the  vicinity  of  Macanac  (Mich.)  to  the  Onondaga  Salt  Group  or 
Waterlime.  Chapman  (1864,  190)  recognised  rocks  of  this  age  in  the  Lake 
Erie  region  and  R^ave  to  them  the  name  of  "Bertie  dolomite."  The  name 
Lower  Helderberg  appears  to  have  been  introduced  into  northern  Indiana 
geology  by  Orton  (1889,  663),  who  stated  that  *'In  Indiana  it  [Lower  Holder^ 
bersr]  has  not  hcrctoforo  been  recojrnized  as  distinct  from  the  Niagara  lime- 
stone, but,  though  it  lacks  here  the  importance  that  it  has  in  Ohio,  it  cer- 
tainly exists  in  eorndderable  force  and  covers  an  extended  hut  at  present  un- 
defined belt  of  country."  He  explains  that  the  rock  in  qufstion  is  the  fomia- 
tion  called  Waterlime  [.pari  of  the  present  Monroan]  in  the  Put^in-Eay  region 
of  Ohio.  Further  on  (p.  566)  he  says  ''It  enters  Indiana  from  Ohio  in  Adams 
and  Allen  counties,  with  a  probable  breadth  of  outcrop  of  eighteen  miles. 
.  .  * .  At  Decatur  it  is  worked  in  several  quite  large  quarries  ...  the 
junction  of  the  Niagara  and  Lower  Helderberg  limestones  occurs  at  this  point, 
the  upper  quarries  of  the  town  being  in  Niagara."  He  mentions,  howcvert 
the  occurrence  of  the  NiaR-fira  fossils  Srlmrlirrti  lla  >iiihj)l(tna  and  HiUyHttett 
lubyrinllucn  in  his  "Lower  Helderberg."  Kindle  (1904,  422-423)  refers  these 
rocks  to  the  Niagaran.  Orton  furthermore  (p.  567)  refers  to  the  Lower 
Helderberg  part  of  the  rocks  at  Huntington,  the  "well  known  Wabash  flag- 
ging"; 66  feet  of  rock  at  Logansport;  and  traces  the  formation  as  far  west 
as  Ddphi.  The  Waterlime  beds  at  Kokomo  (Kokmno  limestone)  are  refored 
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to  as  "thoroughly  and  unmistakably"  characteristic  of  the  fonnation.  Sub- 
stantially the  same  correlations  are  repeated  by  Phinney  (1891,  633-634). 
who  gives  a  Reolo^cal  map  of  Indiana  (pi.  LXIII)  on  which  the  Lower 
Helderberg  is  represented  as  a  narrow  belt  extending  westward  througrh 
Adams,  Wells,  HuntinKton,  Wabash,  Miami  and  Casa  counties  and  southward 
in  Miami  througrh  Howard  and  Tipton  into  Hamilton.  Another  small  area 
is  mapped  in  Pulaski,  and  a  larger  area  in  Lake,  Newton  and  Ju-p'  r.  The 
jrroater  part  of  the  Silurian  north  and  we.-^t  of  the  Adams-Ca.-<s- Hamilton 
"Lower  Helderberg"  is  mapped  as  "Upper  Hclderberg"  (Corniferous  and 
Hamilton).  Grahan  and  Shener  (1910,  21>22>  stat^  following  Orton  md 
Phinney  that  "From  Ohio  all  the  main  divisions  of  the  Monroe  fl  'in*^.  1896, 
66]  may  be  traced  into  Indiana  but  only  limited  exposures  of  the  .strata  occur." 
But  they  also  note  (p.  22)  that  **In  the  geological  map  of  the  state  compiled 
lOOl-lOOn,  the  Waterlime  and  the  Niagara  are  represented  by  a  single  color 
and  the  'Kokomo  limestone'  is  referred  hy  Foerste  to  the  Bertie  or  Lower 
Waterlime."  They  make  no  mention  of  Foerste's  further  observation  (1904b, 
3.3)  that  "the  Cayufran  of  New  York  corresponds  in  a  general  way  with 
the  rocks  formerly  known  as  the  Lower  Helderberg  .  .  .  [and  is]  repre- 
sented by  the  Waterlime  at  Kokomo.  In  Indiana,  the  Waterlime  division 
.  .  .  has  been  definitely  identified  at  only  one  locality.  While  it  may 
bo  present  also  elsewhere  along  the  flanks  of  the  Indiana  extension  of  the 
Cincinnati  geanticline,  it  has  been  identihed  by  means  of  its  fossils  only  at 
Kokomo."  Kindle  (1904,  418)  also,  though  he  makes  no  mention  of  the 
"Lower  Helderberg"  implies  its  general  ab.sence  in  his  statement  that  "The 
evidence  at  hand  points  to  a  general  elevation  of  the  sea  bottom  at  the  close 
of  the  Niagara  in  the  area  around  the  nortiiem  end  of  the  Cincinnati  geanti- 
cline." This  area  as  he  elsewhere  points  out  (Ibid.  411-413)  was  resub- 
merged  in  middle  Devonian  time.  A  brief  resubmergence  in  Bertie  time 
must  be  assumed,  however,  to  account  for  the  Kokomo  limestone  (q.  v.). 
Schuchert  (1910.  plate  70)  has  represented  this  Bertie  sea,  but  evidently 
took  his  outcrop  for  Indiana  from  the  Phinney  map.  Lane,  Prosser,  Sherzer 
and  Grabau  (1907,  551)  state  that  the  Salina  embayment  extended  from 
Maryland  over  (Niio,  Michigan.  Wisconsin  and  probably  into  Indiana.  Foerste 
(1909,  6-7)  was  also  aware  of  these  necessary  relationships,  for  he  says 
"It  is  impossible,  at  present,  to  determine  what  are  the  relationships  between 
the  Greenfield  [Lower  Monroe]  limestone  of  Ohio  and  the  Salina  horiaons 
at  Kokomo.  Roth  areas  undoubterlly  were  connecter!  during  early  [late] 
Cayugan  times  with  lower  Michigan,  northern  Ohio  and  western  New  York." 
Foerste  regards  the  brachiopod  horizon  overlying  the  Eurypterid  beds  at 
Kokomo  as  a  distinct  fornntion,  but  also  of  Salina  ape.  H(  doc-  not  sutrcrost 
a  name  for  it.  Kindle,  in  1913  (1913,  282-288)  published  an  important  paper 
on  the  age  of  the  Kokomo  limestone  in  which  he  disagrees  with  Clarke  and 
Ruedeman  (1912,  .320,  351,  21.'»)  who  repard  the  EuoTtcrid  fauna  as  of 
Loekport  age,  and  concludes  that  the  "Kokomo  Eur>'pterid  fauna  repre- 
sents a  horizon  of  Salina  age  which  is  as  yet  faunally  unknown  in  New 
York."  He  cites  the  following  papers  on  the  Kokomo  limestone:  Claypole, 
1890,  2r,9-2r,0;  Phinney,  18'J1,  n:\2-C,:]:\ ;  S.  A.  Miller,  18'.»4,  r?12;  Hall  and 
Clarke,  18'J4,  pi.  66;  David  White  1901,  269-270;  Kindle  1904,  445;  Foerste 
1909,  1-89;  Clarke  and  Ruedemann  1912,  1-628. 
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Terminology  bas  been  -^till  furthn-  com  plica  tori  hy  tho  proposal  of  the 
luune  Monroan  by  Urabau  (1909,  :i51-356)  for  the  Monroe  K^oup  of  Michigan 
(Lane,  and  Ohio,  and  the  suggestion  that  this  term  he  used  in  place 

ot"  Cayuffun,  for  the  upper  part  of  the  Silurian,  exclusive  of  the  "non- marine** 
Salina  (Shawangunic  and  Lon^wood) ,  but  including  the  water-limes  of  Ohio, 
or  "marine"  Salina.  He  held  that  the  CayuRan  of  New  York  exclusive  of 
the  Salina  included  only  the  uppermost  portions  of  the  "Monroan".  As  thus 
defined  tho  Monroan  inclu'Uvi,  in  the  ascendinp:  ordor.  the  followins:  forma- 
tions  of  Northwestern  Ohio  and  Southeastern  Michigan:— Greenfield  dolomite 
[possible  equival«it  of  the  Kokmno  limestone]  Tymoehtce  shales,  Pnt*{ii-bay 
dolomite.  Raisin  River  dolomite,  Sylvania  .-andstone.  Flat  Rook  dolomite,  .^nder- 
don  limestone,  Amherstburg  dolomite,  Lucas  dolomite.  The&c  formations  are 
therefore  so  grouped  by  Grabau  and  Seheraer  (1010),  Schuchert  (1910), 
Scherzcr  (lldl),  L'hic-h  (doulitfully )  ItMl.  and  Grabau  (1913).  Stauffer 
(1915)  hm  raised  a  doubt  about  the  Silurian  age  of  the  upper  half  of  this 
group,  and  M.  Y.  Williams  (1919)  has  definitely  placed  the  Sylvania-to-Lneas 
inclusive  in  the  Devonian.    Bassler  )  plate<  all  except  the  Greenfield 

dolomite  in  the  Devonian  and  correlates  the  latter  about  with  the  Manlius 
of  New  York,  or  .somewhat  above  the  Kokomo  which  he  correlates  with  the 
Bertie  of  Ontario.  He  thus  excludes  the  Kofcomo  completely  from  the 
"Monroan"  arul  apparently  does  not  rej^ard  any  part  of  the  latter  as  present 
in  Indiana.  Chadwick  (1918,  17;i)i  vvho  regards  the  Put-in  liay  as  above  the 
Raisin  River  dolomite,  suggests  that  the  Bertie  either  be  made  to  include, 
as  originally,  the  entire  ■-eries  of  befis  between  the  Camillus  and  Akron,  in- 
clusive of  the  latter,  or  cl.se  be  restricted  to  the  BulTalo  cement  bed;  and,  as 
quoted  by  M.  Y.  Williams  (1919,  93)  correlates  the  Greenfield  dolomite  with 

the  lower  part  of  the  Ftertie.  William-,  however,  inclines  to  the  opinion  that 
the  Bertie  may  be  correlated  with  the  Put-in-Bay  dolomite  and  perhaps  in 
part  with  the  Tjrmochtee  and  Greenfield,  if  the  Put-in-Bay  be  regarded  as 
below  the  Raisin  River.  Dr.  O'Connell  (l!Hr,,  118-120)  discu.sses  the  Kokomo 
Eurypterid  beds,  and  gives  a  section  of  the  Defenbaugh  quarry  at  Koltomo. 
She  argues  that  the  Kokomo  sediments  came  from  a  land  to  the  west  and 
Mrere  river-borne,  and  gives  a  paleogeographic  map  (after  Grabau)  showing 
the  Bertie-Kokomo  .sea  which  enteied  Indiana  from  tho  north.  Ii>  his  recently 
published  Textbook  of  Historical  Geology,  Grabau  (1921)  retains  the  name 
"Monroan**  series;  and  evidently  includes  in  the  upper  Monroan  the  same 
fonnation>^  as  in  his  I'.toti  paper.  He  regards  the  Devonian-like  corals  as  an 
invasion  from  the  Arctic  realm. 

Fmoa  of  the  KoKnmo.  -The  Kokmno  ttmnttone  haa  a  wmll  but  diatinethre  fauna  in 
which  certain  Enrypterida  hoM  a  pmmiiient  |rtM«T.  It  hi  m  foihwii:  .(M|rfm«  nriifiilM 
Fioer«te.  Butktttrriihh  ilifarlrata  TtnvM  White,  B,  mrtrUni  D.  WhMc.  Chonrtm  rotMmlu*  Fneratc 

Coiluniilrn  r..,ii// .  iiofri  Kitnl'-  all.l  ISlPCTI".  CON'''"'"'"'  i-"Ult>  Millrt,  /Jil/i/rlt>r  J/(I  '  '•  i/fllltate 
<I>itlmHnl.  /-.K/ '(;•'' I  "1  [<  )t,,,rlii>itli  i  xt.-i\  kokomoi  hxim  .Milli  r  mxl  (.mli-y.  A.'ui  «;.f<  i  «.■<  lonilnrva 
C'lju  kf  jinii  Kut-.)<-niitnn.  Iiuf*xi>t*ni*  H*-trlini  (CIa>'|K»U'J.  yafOMtt'  ^  tn/rifonnia  k'okttn'in-HMU 
t'm  i  sXi;  lnofhi'.ma  mtfi>r«<4Ma  Kui'oU',  Klordmia  kokomtn  nxin  Korrnti-,  l.t-jitama  rhomboidalm 
Wilckcnft.  I'intamrrjft  divtratna  KoerKtc.  Sfiirifrr  foratliitmmia  Grabau.  f^itirifrr  rxigtnu  Fa«rat«, 
SttrfMNriM  </)rr|HMopfrriMj  JonfiiMinfaiM  Clarke  k  Runicmaim.  WkitfitMrOu  ereeta  Foerato. 
(KflMHte  kakomanuit  Focnte.  The  Euiypterida  and  Braehhipads  mr*  tM  by  Dr.  O'ComwU 
flfflS.  119)  not  to  oeeur  in  aaanrfaithm. 
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Chapter  III. 


DEVONIAN. 

The  name  Devonian  was  proposod  by  Scdfrwick  and  Murchison  in  1839 
in  a  paper  "On  the  claiiiiiiication  of  the  older  rocks  of  Devonshire  and  Corn- 
wall" (1889,  121-128)  and  includes  also  the  rocks  commonly  known  as  the 
"Old  Rc'<!  Sandstoni'"  in  Enjjland  and  Scotland.  In  the  final  reports  of  the 
first  Geological  Survey  of  New  Yorl(,  the  rocks  now  called  Devonian  were 
included  in  the  middle  and  upfier  portions  of  the  Helderherg  division,  and 
in  the  Erie  division  of  the  New  York  System  (CatsMU  dtvisiom  of  Mather 
1840). 

As  already  explained,  the  Ononda^  salt  grraup  and  Wateriime  rtoup 
of  the  HelderberK  are  now  placed  in  the  Silurian.  The  balance  of  the 
Helderberg',  i.  e,  the  Pentamerus  (Coeymans),  Delthyris  .shaly  (New  Scot- 
land), Upper  Pentamertis  (Becraft,  Kingston),  Oriskany,  Caudaj^alli  grit 
(Esopus),  Schoharie  grit,  Onondaga  and  Corniferous  (Onondaga)  belong  to 
the  lowt-r  and  middle  iHnoniari.  The  names  rooyman.s.  New  Scotland,  Be- 
craft and  Esopus  were  proposed  by  Clarke  and  Schuchert  (ISU'J,  876-877). 

The  Erie  (or  Catsldll)  division  included  the  Marcellus,  Hamilton,  Tally, 
Genesee,  Portage  or  Nunda  and  Chemung.  The  Catskill  ("Old  Red  Sand- 
stone") was  sometimeii  placed  as  a  distinct  formation  at  the  top  of  this 
divisioh;  or  else  in  a  separate  division.  It  urns  latnr  recognised  that  the 
Catskill  is  in  the  main  a  non-marine  phase  of  the  Chemung.  These  con- 
stitute the  upper  Devonian. 

In  1899-1900  Clarke  and  Sdiuchert  arranged  the  Devonian  formations  as 
follows: 

Chaotauquan     Chemung  beds — Catskill  sandstone  fades 


Senecan 


Brian 


Ulsterian 


^Naples 


Portage  |  Ithaca 

^  Oneonta 
(Senesee  shale 
Tully  limestone 

I  Hamilton  heds 

]  Marcellus  shale 

1 Onondaga  limestone 
Schoharie  grit 
Esopus  grit 


Oriskanian       Oriskany  beds 


Hdderbergian 


Kingston  beds 

Becraft  limestone 
New  Scotland  beds 
Coeymans  limestone 


The  Kingston  (Port  Ewan)  bed  was  subsequently  transferred  to  the 
Oriskanian  division  by  Chadwick  (1906),  and  the  Esopus  by  Hartnagel  (1912). 
Schuchert  (1910,  541;  1916)  omits  the  Ulsterian  division,  and  places  the 
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EaopiM  in  the  Oriskanian,*  and  the  Schoharie  and  OnonduKn  in  the  Erian 
division,  though  Dunbar,  (l'.>lt>,  27).  evidently  with  Schvchert's  approval, 
Ubes  Ulsterian,  in  which  he  phices  the  roclts  of  Onondaga  age.  Schuchert's 
usage  Is  adopted  in  the  present  report. 

Thf  upper  coral  reof  of  the  Falls  of  the  Ohio  and  the  overlying  black 
shale  were  recognize<i  u.s  of  Devonian  age  by  David  Dale  Owen  in  the  1839 
reprint  of  the  1837  Reeonnaisance  of  Indiana  (op.  eit.  p.  t),  and  have  ever 
since  bft  n  referred  to  this  <yslfni. 

The  principal  source  of  information  on  the  Devonian  rocks  and  fossils 
of  Indiana  is  the  well  known  papers  by  Kindle  (1899,  1901). 

Erian.  As  noted  above,  the  Schoharie  and  Onondaga  formations  are, 
following  Schuchert,  jdaced  in  the  Krian  division.  The  Scholvnir  (Hall  1843b, 
18,  151)  is  reprciicnted  by  a  single  outcrop  of  sand^tone  at  I'endlelon,  Indiana; 
but  the  Onondaga  (Hall,  1889,  290-293,  Comiferous  of  Indiana  authors)  and 
Hamilton  (Vanuxcm,  1810,  r?80)  are  present  over  extensive  areas  in  both 
the  northern  and  southern  pails  of  the  State. 

With  the  exception  of  the  Pendleton  randstone  and  Geneva  limestone,  no 
consistent  use  of  local  geo^^mphic  de>;iL'riatioti>  for  these  formations  occurs  in 
the  Indiana  Reports  prior  to  the  papers  of  Kindle  in  18S>9,  11K)1,  who  pro- 
posed the  name  Jefer»onviUe  limestone  (1899,  8)  for  the  so-called  Comiforotts 
or  Onondaga  rocks,  and  Sellersburg  beds  (1899,  8,  110)  f<M  tlie  overiyiqf 
Hamilton  or  Cement  beds  and  Encrinital  limestone  of  authors.  In  the  year 
1901  Siebenthal  (1901,  341)  proposed  to  call  the  cement  bed.s  of  Clark  County, 
induded  in  Kindle's  Sellersburg,  the  Silver  Creek  hydraulic  limestone;  while 
very  recently  Ilutts  (1915.  120)  has  propose<1  the  name  fit  i  rh u  dikI  for  the 
"Encrinital"  bed  at  the  top  of  the  Seller.»-burg.  The  Geneva  limestone  of 
Collett  (1882,  63,  78,  81,  82)  may  represent  a  facies  of  some  part  of  the 
Jeffersonvill..:  while  the  Shelby  bed  of  Foer.-te  (1898.  2.'34-2.'?5)  is  according  to 
Kindle  (1901,  536)  the  same  as  the  Geneva.  The  name  "North  Vernon  lime- 
stone" or  "North  Vernon  bluestone"  though  in  use  as  a  trade  name  seems  to 
have  been  definitely  proposed  by  Borden  (1876,  1  t8.  H'fl)  for  the  limestone 
immediately  below  the  Black  Shale  in  the  North  Vernon  region,  supposed  to 
be  of  the  age  of  the  Cement  beds  in  Clark  County. 

PendleUm. — The  name  "Pendleton  sandstone"  was  evidently  a  local  and 
trade  name  before  it  was  adopted  as  a  geologic  designation.  Cox,  for  example, 
(1869,  7)  says  "I  have  been  informed  that  several  barrels  of  the  Pendleton 
sandstone  wero  subsequently  shipped  to  Pittsburg."  He  again  uses  the  name 
in  1879  (1879,  f)0-02).**  The  name  occurs  frequently  in  the  Inrliaria  rejiorts 
(Brown,  1884a,  26,  34;  Thompson  1892,  39;  Siebenthal  1901,  348;  Kindle 
1901,  559-561,  etc.).  It  should  probably  not  be  credited  to  any  particular 
geologist  since  it  came  into  use  merely  as  a  trade  name.  The  fir-t  adequate 
description  and  list  of  fossils  is  given  by  Kindle  (1901,  560-561)  who  ap- 
proves Hall's  correlation  (1879c,  60)  of  the  rock  with  the  Schoharie  grit  of 
New  York.  Siebenthal  (1901,  348)  mi.stakenly  correlates  a  sandstone  im- 
mediately above  the  Waldron  shale  in  Jennings  County  and  a  similar  sand- 
Stone  on  Graham  Creek,  with  the  Pendleton.  Hopkins  (1904,  39-40)  some* 
what  hesitatingly  correlates  the  P«idleton  with  the  Schoharie. 

'  Thi'  nnnir  ()ri»kany  was  flrat  uacd  hjr  Hall  In  IBSS:  3d  Annual  Report  of  th*  rattrth 

(lintrict.  pp.  30S.  309. 

**  Weeks  flMt.  S17)  kIvm  thia  aa  the  «rat  uw  of  the  name.   See  alM  Xlmlle  (ISOl.  8«0). 
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Kindle  (1901,  560)  gives  the  following  section  at  the  quarry  near  the 
falls  just  beUm  the  Big  Four  railroad  bridge  at  Pendleton: — 


Ho  also  7-e>jar'is  a  cori}rlomorat<'  x  rii  at  a  numbri  of  plaros  in  Pondlcton 
as  a  "bed  of  local  development  in  the  upper  part  of  the  Pendleton  sandstone." 
This  conglomerate  consists  of  rounded  pebbles  of  chert  in  a  matrix  of  coarse 
sand.  Kindk"  pi)ints  out  that  Cox's  section  (1879,  60-62)  is  inverted  fiom 
the  true  order  of  succession  of  the  strata.  No.  1  of  Kindle's  section  out- 
crops "at  a  few  points  along  the  creek  between  Pendleton  and  Huntsville 
and  is  fre<)uently  a  sundy  dirty  buff  rock  containing  casts  of  a  large  Gas- 
tropod" (Pleurotoiniinn). 

From  No.  1  of  the  above  section  Kindle  reports  the  following  fauna: — 
Reliculuriu  ftnibnttta,  EuneUa  «/>.,  Mnrtinia  Hubuinbona,  Pleuroto^mariu  up. 
The  fauna  of  No.  2  i.s  as  follow.s :  Ret imln riir  finihi  i/itit  var.,  Martltnu  it»bum- 
bona,  Eiuieila  up.,  Pentamereila  anttu,  Atrypu  rcliciiluris,  TentuculiteH  dexi' 
tk$ea,  BtUtrvphon  acretlAteatttts,  Callonema  beUatula,  Sehtgodun  contrnetuB 
(?),  'oficunliitm  fHgonalr,  Conocnrdiii in  CHtirns,  ProctiLi  curviinarginafuj*, 
P.  UUmuirginuttts,  Cyrtoceius  eugenium,  Zaphrentis  gigantettm,  Favosites 
iimitari*. 

From  bed  No.  "  he  lists  the  followinj,':  DiihnuniteH  i-ernico>nis,  Lrjitnena 
rhomboidali»,  Cornulitett  proprim  i,  Mmrhisonia  »p.,  Schizotreta  tenuilam^ 
inata  t,  BuomphaluB  gp.,  Orthocenu  ap.,  Sireptelatma  (f)  sp. 

/<#«rsoiivilfe.— (Upper  Coralline  limestone  (in  part).  Coralline  falls 

lime.stone,  Devonian  limestone  (in  part),  rorniferoiis  lime.stone.  Upper  Hclder- 
berg  limestone,  Geneva  (?)  limestone,  Shelby  bed  ('')).  The  famous  coral 
beds  at  the  Falls  of  the  Ohio  river  attracted  attention  in  the  early  part  of 
the  H)th  centurj-  and  alonp  with  the  other  rocks  exposed  at  the  Falls  arc 
mentioned  by  Lapham  (1828),  Owen  (1837.  1843,  1856,  185<J,  etc.),  Clapp 
(1843),  Hall  (1842,  1848-49,  etc.),  Lyon  (1867.  1859-60).  Lyon  and  Casseday 
(1859),  Yandell  and  Shumard  (1847),  etc.  The  name  most  commonly  applied 
to  the  Devonian  limestones  of  Indiana  is  "Corniferous  limestone"  (Eaton 
1823,  1839),  a  name  still  used  by  the  oil  driller.  (See  Cox,  1878,  138;  Borden 
1875,  115,  128;  Collet  1882.  r.U-Tl;  Elrod  1882.  174,  18r,-i;»5;  Elrod  1883,  lOfi, 
112-li;J;  Elrod  1HS4,  'J2;  Thompson  188(1,  78;  (lorby  188!),  179;  Scovell  1897, 
513;  Blatchley  &  Ashley  1898,  19;  Blatchley  1904,  43-44;  Ward  1908,  198; 
Culbertson  1916,  227-228).  In  this  common  usage  the  true  Corniferous  (Jeffer- 
sonville)  is  not  always  distinjruished  from  the  owtlyinp  Sellersbiwp  limestone. 
No  local  geographic  name  was  applied  to  the  rocks  at  the  Falls  until  1899, 
when  Kindle  proposed  the  name  JefferaonviUe  limestone  for  the  ''lowest  forma- 
tion nf  the  I>rvonian  as  flevelnped  at  the  Falls  nf  the  Ohio  lyinp  between  the 
Sellersburg  beds  and  the  Catenipora  [HalysitesJ  beds  of  the  Niagara";  and 
the  name  SeUernbnrg  limestone  for  the  beds  **from  the  New  Albany  [black] 
.shale  down  to  the  lowest  beds  work('<l  at  the  cement  quarries."  The  fossil 
coral  reef  at  the  Falls  occurs  in  the  lower  pai-t  of  the  Jeffersonville. 

Farther  north  in  Indiana  various  names  had 'already  been  applied  to 
portimia  of  these  formations.  Bordea  (1876.  148,  160)  used  the  name  "North 


"1.  Hard  Kiay  limestone  

2.  Massive  white  sandstone  with  10  to  12  inch  strata 
S.  Bluish  drab  calcareous  flne  grained  sandstone. . . . 


Ft. 
3 
6 


In. 

6 

8 

10" 


466 


Department  of  Conservation 


Vernon  Bhsefltone"  or  "North  Vernon  limestone^  for  beds  whidi  he  correlated 

with  the  hydraulic  limestone  (Silver  Creek)  of  Clark  County;  but  the  name 
as  oonunonly  used  evidently  included  the  Jeffersonville,  or  some  part  of  it, 
also. 

In  Jenninj^s,  Decatur,  Bartholomew  and  Shelby  counties  the  "Corniferous" 
consists  of  a  chocolate  colored  massive  sandy  dolomite  nearly  devoid  of  fossils, 
to  which  Collett  (1882,  63-82  gave  the  name  **G9neva  Kfne»toH€.**  This  lime- 
stone or  dolomite  has  been  traced  as  a  southwardly  thinning  stratum  as  far 
as  Charlestown,  Clark  County,  where  it  is  three  feet  thick  and  lies  between 
the  Jeffersonville  limestone  and  the  Louisville  limestone.  In  its  typical  de- 
velopment to  the  north,  the  Geneva  is  20  to  30  feet  thick  and  appears  to 
entirely  supplant  the  typical  .lelTersonville  and  Sellersburp  formations,  which 
thin  out  to  the  northward.  What  the  actual  relationships  of  the  Geneva  and 
Jeffersonyille^Sellersburfr  formations  are,  has  not  been  satisfactorily  deter- 
mined. The  Geneva  may  be  a  litholopio  faries  of  one  or  both  of  these  forma- 
tiotis  or,  more  likely,  a  distinct  formation  older  than  the  Jeffersonville.  Ulrich 
(1911,  pi.  28)  mpfituoMjf  correlates  it  with  the  Schoharie,  though  his  reasons 
for  the  procedure  «•  not  Stated.  Dunbar  (191<t,  8!l)  thinks  that  the  Camden 
chert  of  Tennessee  and  Clear  Creek  chert  of  Illinois  may  be  i>artiaUy  equiva- 
lent to  the  Schoharie  and  Esopus  of  New  York;  and  it  is  probable,  therefore, 
that  the  Schoharie  sea  may  have  had  a  much  wider  spread  than  has  heretiH 
fore  been  suspected.  The  isolated  remants  at  Pendleton  may  after  all  have 
relatives  comparatively  near  at  hand. 

The  fact  that  more  than  one  of  the  New  York  Devonian  fonnations  is 
represented  in  the  limestones  in  the  vicinity  of  the  Falls  was  not  appreciated 
by  most  of  the  earlier  geologists  who  referred  the  rocks  to  the  Silurian  (Clapp 
1843, 1T7-178),  Helderburs  (Clapp  1843,  Owen  1843),  Corniferous  (Onondaga) 
(Hall  184M,  etc.).  etc.  Further  details  of  correlation  wttl  be  disCUSSed  Under 
the  Silver  Creek  and  New  Albany  formations. 

The  Jeffersonville  limestone  is  about  25  feet  thiek  at  its  type  locality 
and  thins  both  to  the  north  and  south.    It  is  a  massive,  crystalline,  light 
colored  and  rather  coarse-grained,  cherty  corralline  limestone.    Butts  (1916, 
104)  gives  the  following  section  at  the  "Whirpool"  one  mile  west  of  Jeffer- 
sonville, Indiana.   (Number  5  is  the  top  of  the  section.) 
**B.  Limestone,  massive,  rather  coarse-^- rained,  lij^ht  cray,  a  little  black 
chert  locally.    Whitish  and  shelly  on  weathering.  Exfoliates 
diagonally  to  the  beddinir>   Spirifer  acuminatus  about  in  top. 
Stropheodonta    hemispherica,    abundant    and  conspicuous, 
Bryozoa  abundant  includes  bryozoan  and  Nucleocrinuii  xones 

of  authors.   Sp.  acuminatus  sone   9  ft* 

4.  Limestone,  siliceous,  cherty,  bluish-frray,  fine-drained,  very  hard. 
Spirifer  gregarius,  very  abundant.    Favosites  hemisphericus. 

Turbo  shumardi,  Ac.   Spirifera  ^reR^arius  zone   2  ft. 

3.  Lime-stone,  fi  inches  to  1  foot  layers,  medium,  coarse  grained,  light 
pinkish,  bluish,  or  brownish  jrray.    In  places  largely  made  up 

of  Stroma topora    7  ft. 

2.  Limestone  medium  thick-bedded,  very  coarse  crystalline^  brownish 

in  part.  Crowded  with  corals.  Coral  layer   7  ft. 

Certainly  Jeffersonville  25  ft. 

1.  Limestone,  covered  with  water,  not  identified  3  ft." 
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Faima  of  tlw  Jcfferaonvllle  Uiacilmie.  BotU  (IMS,  IM-IIBI  civet  the  foUowlBs  Hit  of 
foarila  RMMt  of  whieli  aiv  from  the  IxhiIsvUIi*  rpirion  of  the  Jp(r«rmnvin«  formatton:-  ' 

Aeropknttmm  elarki  DnvU.    t.   i  IliiitirHm   DhvIh,    1.  <;n>  irfai  nii<   Bill..  Ali  >  >ilit' x  ronilans  Davlii, 

A.  minhnUM  DbvU,  .t.  mordax  l>Hvi!i,  .1.  miuiinmnuM  l)iivi«.  .\ ulari'iih  >illuiti  rinMin  rum  Dnvi*.  .1. 
ItMi'tfnr  Davis,  A.  mutahilr  IHivin,  .1.  ;iari'ut>i  Davis.  .1.  HulrnlHm  D'Oi  liitriiy.  I.  Miii/ii/uirf' urn 
Davis,  Auloiwra  comut/%  BillinKH,  ,t.  mlmula  Dnvin,  .t.  <-Hilhana,  .1.  jirm-Mmhi  nx  Dnvix,  .1. 
ttrpemm  Coldfuaa,  BtothrophiMlum  Qpprortmatum  Nichol«an.  B.  einetum  Davis.  H.  eorium  Davir. 

B.  dwamealNM  BUIInRt.  B,  liratmm  DmvUt,  B.  twitviUeMte  Davit,  0.  parvii'iim  Davit,  B, 
•Mtife  Davit,  9.  MphrttUifamu!  Davit,  ChMUfpktttmm  wngnittnm  Billtnin.  C  mutfpNemtmm 
Davin.  Cladopora  acupieata  Davis.  C.  alpt-nmsi*  RominKer.  C.  lUfttra  RitminRer,  C.  hifurra 
Davis.  C.  rroMim  Davis.  C.  rriijiNx/rnji  BillinKx.  C.  dmlata  Davis.  C  drinitinmata  Dnvix.  C. 
ditpanaa  I>avin,  C.  <xr»l<'i'<i  H"niin;j<  i.  (',  .i7)rii(rj  I).,  C.  franriori  D.,  (".  yrai  I'l"  |).,  V. 
imhricaia    R<im..    C.    iouat  nnin    Owrn.    ('.    Ialni>»a    Hill.,    C.    ;<inf/Mr>    Rr>m..    C.    im'rhrtt  Kiim., 

railula  I)..  C,  rirta  V.,  C.  rimtna  Rom.,  C.  rohuata  Ri(m..       tila  li.,  i'liathoi'h 'ilium  hnrirorit, 
v..  C.  rornifu'um  Leseur.  C.  rfcMrUtewi  E.  A  H..  C.  dttrxtum  D..  C.  Ambriatmm  D..  C.  /<«• 
c.  iirri  ni  D..  C.  ligMum  Dm  C.  mwMatmmmImm  D.  C,  aerftpat  D..  C.  oatMnnw  D,.  C.  pteWum 
Dm  C.  paMilat  D^  C.  raftattaia  Hall.  C,  noonm  Rati,  C.  wtmtMU  Dm  C.  timMtHmm  Dm 

C.  eApjaaaam  D..  C.  tnmie  BIIKaRB.  C.  %i»piimm  D.,  C.  Kmhatum  D.,  C  tiaratMM  D„  C. 
N<t(lrro(ki  D..  C,  cm  D,.  C  jAiratum  D..  r.  m/HamosHm  NIth..  r.  nMrralMm  Hall.  C.  tkri*»i  Dm 
C.  tumido»um  D.,  f.  rcsi'ni/iMH  rn  ColclfuKs,  ItrnHrvpora  ilrganlula  Kllltnu!i.  It.  vrnhmt  iiialia 
RominKcr.  f>iiih  iilluiii  riiaiiulalnm  D«viv.  /).  roaltucm*  Davis,  i  '/n,iinrtuii'  I)..  /'  ii'iiaii 
Rom,,  IK  panirutn  Davis,  />.  »lrirlum  K.  &  H.,  l>.  rrnt  uilianum  E.  &  It..  l>r>itni>i>ora 
(Surinuoimra)  rnmmrniuilit  D.,  /*.  <S.J  faacirmtarui,  />.  r.S.J  inli  rmiifia  NIch.,  />.  f.S'.J  nohilit 
BIMm  £ridbjih|rflNm  araarfiaamim  Bill..  £.  tfmmacr  BUI.,  Faromtr*  tmplummu*  Dm  F.  arbor 
Dm  p.  taotfaa  Dm  F.  eutudnuiB  WIL.  F.  emriamu  Dm  P,  daaaat  Rank.  F.  eMmmM  D.  P. 
eaaMxaa  Dm  F.  ewmomu  D„  P.  Mfitmhu  Btrntn  F.  tvtmumtt  Ronu,  F,  rpWmmla*  BtniM  P. 
frutfx  D.,  F.  fuMliformiB  D..  F.  knabpH^WnM  and  van.  Trooat,  F.  impedntu  D..  F.  f«lrrfr«-l«« 
Kom  .  h'.  liniiitnnn  Rom..  F.  munduM  D..  F.  art  Hat rn'  D..  K.  iiirum  D.,  f.  ;irojiiiiit<i  D..  F. 
(/H'icwji  !>..  /■'  rrir/iafu.'i  Krim.,  F.  rorfrriform  IK  Hum.  /■  .  rn>im/o«uii  D.,  F.  xpir  u'lilun  D.. 
(uh<  roKUJi,  11  ndrni>h\illum  H'Orhiiiniii  K.  A,:  H..  II  i  lirtiihiilluin  (('iiathvi'hulluiii )  riilh  till  uiii  Hill., 
//.  .j-K/Mum  Bill.,  H.  fO  fcnHi  K.  A  H,.  //.  (CJ  infovratum  D..  //.  (V.)  Mi«'«irr.Tia  D.. 
MirhrliMta  rorruf/ata  D..  Platitaxaiii  (ClaHopora,  I'afhupora)  ramadeitar  Rom.,  /'.  rorioidrum 
Dm  p.  fMrkrri  BUU.  P.  /alMlaai  Dm  P.  tmrgidum  BUIm  P.  aiMlanHN  Dm  Pnetrru  Midkrfmottfra 
Dm  p.  papfltota  D..  FtiKAofifcyllaM  etajfrnifli  Db,  P.  «tttp*i«pM«  D.,  P.  ttvpmm  Dm  P,  iMrfeaiN 
Dm  Atmiaffma  ineruntm*  D.,  J7.  MMMIf/cma  BIR..  it-  wa  D.,  ^rriafoiiora  o/fca  D..  5.  Ifaaraaa 
BW.,  Svri-iioitora  hourkardi  Nlrh..  S.  (kMiMffrri  Bill.,  .s'.  />.  r.  'ri/ans  Bill.,  S.  ntraminra  D.. 
.V.  lahutata  E.  &  H.,  .S.  tithi i>i>ri)uli  s  YfuiiIi  II  k  .Shimianl.  Thi  ria  l  amoia  Ri>rii..  Zri;»lir<  nli» 
eomiiriHiut  F>ii««rdi»,  Pf.  (I'liixoiihyllum )  mnii/ira  Hill.,  if.  >-Wlw  D,.  /.  (/i(j»Jnf<a  [.^-M'Ur,  if. 
l/rtrnaHa  D..  X.  immaniit  D..  if.  fiKMcwi  D.,  if.  iMnconal/ii  I).,  if.  wii<<»</(>»u  Rum.,  if.  prolifira 
Bill..  rajlnragari  E.  ft  H„  Z.  mninitrri  D..  ^S.  torquata  D.,  Z.  iriiumma  D,.  Ancitroirinua 
•ptnonia  HalW  CMtatter  aawffcaaat  flbaaaard.  C,  pyraatHlBtaa  Shniawd.  JMttofrlaat  hum 
Lywi.  0.  wartfcf  Waa>  Me0lH»erhn»  *a«ppf  Lyan  A  Caataday,  M.  tpiaa^ttaa  Lyon.  Wacfr*. 
crimit  aapalM*  Lron.  AT.  prrmf  MHIer  *  Oarlcy.  V.  ivnaafaa  M.  ft  G..  N.  twamjirif  Traoct 

Pttieriofrinuii  rittiniiririm  I.yoa,  P.  ttttpffa  LyOB,  BotnillDitnra  snrialix  Nirh..  Rttiiko)iora  hintriata 
Hall.  /'.  tUntala  Ulr..  /*.  pvHformin  Halt.  CUmo/rora  mir,  ilurl/i  IIhH,  < '(iwri'M iu >i<  riihrifuimr 
Prout.  ('i/nlo/Koru  III  niru'ala  Hall,  ('>t*toilirtua  nillnit,  Mii'k.  <\  oi-nliixiro  HaM.  f.  r<rriii/u'a 
Hall,  Ihkauia  I')  H>  ronira  I'Irirh,  Fridojtora  dinlirulntn  Hall,  Frninhl'n  aiiiua'in  Mail.  F. 
ntttrata  Hall.  f.  rurvijunrtura  Hall.  A',  drprrama  Hall.  pirplira  Hall,  f.  /iruM/nnn  Miller. 
F.  pa'<*«lla  Ulricfa.  F.  trrrota  Hall.  F.  MiUMtorttaa  Hall.  F.  s(r«al«  HaiL  F.  trnrUa  Hall,  F. 
aariepara  Hall.  P.  vrrriMwa  Hidi.  Prantrapara  la/raporvta  Ulridh  PittaKjMra  aflrniafa  HaB. 
P.  taaaiafa  HaB.  P.  pramrtrira  Hall,  P.  yr«ni7'-ra  HaB,  P.  aaratafw  Ulrldi.  P.  awata  HaB, 
P.  tabMiM  Hall.  P.  nthatrirata  HaB,  Gfotiwtrf^pa  iMtliformlt  Hall,  Hrdrrtttm  ad*mt»  Davta.  If. 

raMa<f<-ia«<j<  NiihirlM.n.  /r  rinhuitn  Hull.  Ihtiii'i"""  n'rirhi  Clayimlc,  UrmHrttpa  rrilirimn  Hull, 
Hrrnodia  hiimiiuia  Hull.  Inlraimra  I'ulinlnhi  Hull.  I.irhi  niilniiia  litngiMpina  Hall,  l.mrh  ma 
inli  rriUalum  Haill,  Orlhuftora  iiiiulaiin  Hall.  rhomhid  la  Hail.  I'hrarlnrura  iii.itntii  Hull, 
l'h)dloiHrra  atprra  Ulrich.  I'oUiimra  nrnliala  Hull,  /'.  hiantlida  Ulrich.  /*.  rifmpura  minor  Hail, 
r.  ui(4>nnMlia  Prout,  P.  {a>  rutrnata  Hall.  /'.  I<  i  inoiiata  Hall.  P.  vacdranpHlaru  HaB.  P. 
tfcaaMrrfi  Praxt,  P.  ttriolapara  Hall,  P.  aafrmalant  Hall,  P.  (raaaarraa  Ulrich.  Prinaapara 
apanipara  Hall,  P.  (rj^arlra  Hall.  ffetrporMra  arfaate  Hall,  Rfkambapara  Unein»Uf9  Ulrfdu 
R.  linfin0idf*Jntmiti»  Ulrirh,  Sralariitora  ufalariformi*  Hall.  S.  tnbeonrava  Hall,  Sftraapara 
rircincta  Hall,  S.  eomplria  Hall.  Stmirotcinmrn  hiimbrieatum  Hall.  bucrrafalam  Hall.  B» 
intnrmrhm  HaB.  5,  Mijaaceanim  Hall.  8.  laaalataHa  Hall,  &  pgnaarpfaacam  •  Hall.  8. 
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pliiiitHioiMituin  lllrieh.  if.  rJkom6«MriiiH  Pi-oul.  .v.  ufmintumdum  Hall,  .S'.  tortum  Hull,  S.  (Hbri-. 
rulaltini  I'lotit,  Slroiopora  iirrtninuta  L'lrirh.  ThatnniHetu  nanux  Hull.  Tn  matilla  anvulata 
Hull.  T.  tiilnDia  Hall.  VhUiuiki  araulii  Hnll,  C.  aMonymo  llnll,  f".  iaxUrmta  Hull.  ttiruUila 
Hall.  .lr(<i</n*  fultoHrHni*  Swnllow  [  .1.  (i7fu<ri|.  Wrij/ja  illitmuitlta  N<'ttU'n>th,  .1.  rifiVu/nri* 
Unnarui.  CamarotorrAia  rarolina  Hall.  f.  trthn^  tlillini.-*.  ('fcoM((>a  mumtnolaK  Hull,  rranatna 
ffrrrfcrBtate^  r»Hij«#cn  Hall.  Cartina  rrMM  Hail.  A'ltnrUa  f rrrrbrahite^  fcarmmua  Hall. 
C.  fr.>  Ktteauni  HaH.  MrrMoita  mmnI*  Gaarad.  NurUatpfn  eametm  Hal.  Aummk 
frrraMlwpfr*/  Mmtt*  H«IU  l>Mteiiirr<illa  crata  (Coaiad).  P.  jMrOiMirMfa  HaO,  J*.  tfcawifMa 
N«tll«rnth.  PhttUMtr&jtki*  totranuria  Owen  |  »5(r«pk<*MCMta  uatrm^.  frodMHHIm  aemiglobami 

Ncttlcriith.  Rhitnrhonrlla  Inuinvi'li  nxin  Nc  (tin .  .iVi.  II.  Ii  nuixt riain  N<  tt!<M  ..th,  5nhll«k<'r(r{Ia 
(  Si  ti  iilioh  >)ti''hui< )  rhi  iniitiii' airlifl  i  uiln  Hull,  >'/<iri'<r  arumttml  w  (<'(ini'B4).  S,  arrlinru- 
tmntui'  H.iil.  >.  tMiiliirnlus  i  ( "imi  ii<l  >  .  >  il'tn^i  Niltliroth.  Hn  a  i  irnl  in  Hull.  HuoHi  nai  iuji 
HhII,  .*>'.  foinaruluH  Hall.  .">.  itxrKii'iuH  Claiifi.  fimn  Hiill.  ronremdi*  Hall.  »rgmrnht» 
Hall,  .s'.  fariro»H»  Hall,  SIroiihioHtmtit  lii  n  inxa  K  oniml  i.  hi  mimtht  rira  Hall,  .<>.  inrifMuilriafa 
(Conrad).  S.  perplana  (Conrad).  pUeata  Hall.  T€rehratulQ  jkmnda  HalL  /IrltMopfrria  boydt 
Gmmul.  4»»nitojirr(<N  /mrfraladM  Hall.  A.  peete*if«n»ia  (Conrad),  A.  prrarrjM  <Cmnidl. 
CoMMnfiaaM  mara*  HalL  CaprlemMtia  ettfrart*  Conrad.  Gtaptvdrmua  faarrUatwH  Nettle- 
roth,  G.  orrindmtair  Hall,  (toitiopkora  Irunmla  Mad.  MoMomorpka  affinin  Hail.  M.  mnpfffoMr* 

Conrad,  Vainnirlns  iltii,l\in  Hnll.  Iturnnia  (iivonini  ll;ill  A.  Uhitfi<-I(l.  Cillttnu  iiitl  hi  IIiiIu'hiii 
Hall.  f.  riarkii.  I.',  iifilalor  H.  &  \V..  < 'riH«»i<  >>ui  n.ii/rWu  <itii  Hnll.  \f  m/ r/ii«(>iiiu  ili  mdi  rata 
Hall,  flat  iiri  ran  hurrulinlnm  Hull,  /'.  r(j<ri)<j,  xmixi  Nrttlrrolh.  /',  runlruiii  lla'l,  I'.  rfuiNoirttiN 
Conrail.  /'.  rfumuxNiH  rariajitMum  Hall.  /*.  rnrlum  Hall.  /'.  mi//,  r»  Nettlcroth.  /'.  »i«f»(i«/nnt>j«MiM 
Meek.  riVfum  Hall,  P.  egMtmrtriVam  Hall,  P.  tkrliM  Hall.  /'.  n-NtrironaMi  Conrad,  riatnontoma 
l«r6tMlHM  Hall,  PintroiMut  fSttompkahiB}  tlttr>ri  BiUinici.  />lrHr0tofHar{a  ara^lte  Nettie- 
ralli,  P.  faHno  Hall.  P.  proetrri  NetUemtli,  T.  umhwttmraimwf  Conrad.  StrofiAMtiflM  Mrtoae 
Hall.  rroelkonrMa  rrrtilalrra  Hall.  T.  woMirifana  H.  *  W..  THrAo  ehMmardt  DeVenwnfl. 
(;omj)lb04N-re«  «/>.,  ConiatihH  Hitroidiun  Hall,  flttrorrrat  inilraan*  .'  Meek.  I^prrditit  •a6- 
iiitunifa  Ulrifh.  Inirlwhim  II  rliinnutarif  Uliich.  .\ rorrhili '  iim,  iiil  ii  m  l'lrirh.  Rriirirkia  Ivoni 
Ulrich.  H.  liohnoniinii  .h>ni>.  I'ti  nohnllihin  niiiiiulosa  Ulrich,  ''.  ai  mata  l'lrirh.  ('  iiiviinaruiMata 
Ulrich,  C.  ittxalrnx  Ulrirh.  ('.  pa  inllnxn  Ulrirh,  (',  infnrmir  l'lrirh.  ('■  ■%>•••  ■,•'•••••0  I'ltirh. 
Kirkhaa  m6«iHMfra(a  Ulricli.  K.  paralrUa  Ulricli.  A',  nrmimuralit  Ulricit,  A.  rvmbida  Ulrich. 
K.  getmam  lArleh.  SoKta  aavala  Jonea.  B.  obrea  Ulridi,  HaOMU  rrtiferm  Ulrieli.  OrUmmHm 
aUgmatm  Ulrich.  O.  allffmafa  leeviMa  Ulrich.  O.  orala  Ulrleh.  O.  riaeiarra  Ulrieh,  BgMaevjnii 
dimaAw  Ulrleh.  0.  imdimnnmU  Ulrleh.  PaeftnuloNrira  tautufe  Ulrich.  0arii«ikAlii«  jnrfirreetHMa 

Ulrirh,  B.  ;iM>ir((Mf  >  I'o/ti  ri(  Ni    I'Irich.   /<    imlrhi  lla   l'lrirh.  f'<i'<;»in  m    i>lnltiM  Crccii.  Iiii'itianilim 
(OHonlori  ithnlun  t   o>  (/<  "ii   Hwll.   /'.  irfir/i  i/ki.i  (Jm-n.         uk;h  r/«,iB  ('oiiiail.   /'.  hihua  Hull. 
Iili  iiiiif' 'i-r  (imn.  /'.  ■lit,  mil  11^    Hull  &   ClarUr.  f'karoi'n  rimtala  Hnll.   /'.  rrmlala  ;>'/)U   Hull  & 
Clurl.r.   /'.  rana  (ircrn.  I'lmtui  ranii/iru/af ux  Hall  &  ClarU*'.  I'rurlwt  elartu>  Hall,  /'.  rra««i- 
iiij^irfiiuiriM  Hall.  /'.  mirrow 'uiiia  Hnll  &  CInrkr. 

To  the  ahove  Itat  ahouM  be  added  the  followlnff  from  Kindle*  paper  (IMI.  »79.7M):-- 
Crmmim  emumlrla  Hall.  Cnmia  jrrsaoea  HaH  A  Clarite.  CraaMla  fcawlllonfae  Hall.  Cwdarfthia 
aaWWe  IMI.  Caaiaratarehla  «e|>fAa  HaH.  <'.  ronurrgaia  (Conradl.  C.  nitiHa  Kindle,  ffhyarheiirna 
fainraf  Nettleroth.  K.  aainrgi  eaMnmah  Kin<ll<-.  h'.  Hrftrritma  Kinrilr,  Ambnrmlia  timhonata 
(Conrail),   Cyrlitm    Im  milliiiii  nnir<    Hnll.  ha  initliniinitlM    nrta    HhII.    f.iptaina  rhotiihinHalix 

( WilckiTi- 1 .  f  (i.iii.  (.  niiiiatiiH  Hall.  <"/ioMc7<«  ronmalHn  iTonrufll.  C.  aruliradialuii  Hall.  ('. 
»uh<t\iiti1iiilun  Nt  ltli  ir.th.  (  .  rirjriii.  K"ii»t(  ln«ii  I .  I'l  nlammin  uniiu'rata  <('onrn<il.  SlrofikioHonla 
roneara  Hall,  lihiindoimlla  vainutmi  Hall.  SrhitopKoria  Utriatula  (Schlothcim).  Mard'aia 
H-Uliamni  Kindle  (Geneval.  PrwCuefelto  «]»lNaUr«eta  HaU.  Splrittt  ortpairkm  gntid  Kindle, 
Spirifer  manni  Hall.  Spirifrr  bumrmi  Nettleroth.  Arfieateria  fimbriata  (Conradl,  JT.  iea6aeheaa« 
Kindle,  GwpUtda  romingrri  mdiaiirnjria  Kindle.  MirittrUa  fuumtm  (Conrad).  M.  harrM  Hall. 
A'aarUa  amtttvanti  Hall.  Cruplonrlla  Unn  Hall.  ('.  orofia  Millrr.  Ca  maroiiiirn  i  iirhni  ii  Hall. 
Avifuloitrrtcn  rranitut  Hall.    I.  (•  riniiMiri.i  Hnll.   Liniofilm  eanfUala   Hnll.  I'ti  nmii.irti  n  it- 

iiijiis  iimII.  /'  Hull.  /'.  Hull.  ■.,„„  .,.,t„,„  iihM.  /..,''■"'■■"■'" 

Hull.  Schiziiiliii  mull  III  III''  Hull.  .Vxru/u  /i  .niui .  <  <  i<  h  Kimili.  \iii-<i!ii  hnmlhila  llnll:  Suiniuitiii- 
litm  .'  nanf/MKli/' iiKfji  MihU.  f  rttnoi/ifiont  /kiki  r/fon.  ,  >  lljill.  '  ■  ,  ,  •  .ijiim  tntit  nln  <'<>tirn<l. 
C(»MO|>M(Ao  mbmuuta  H.  &  W..  UrUrropkon  Uda  Hall.  ii.  ;>WotNi  Hall.  B.  iwtalae  HaU.  K. 
raretfinrataa  Conrad.  Ca8oa«-ai«  eoaae  Kindit  ICeneval,  C.  Uekaa  Hall.  <,«MaeMM  rrrflMriatam 
Hall,  MarrocfceAiNB  htbr  Hall.  Jf.  eariaaCae  Nettteroth.  ttrntteopuU  UvU  Hcek.  fWypheaMjaafa 
loaiae/flw  H.  A  W..  Plrarofomaria  furtna  prrfaaeiata  Hail.  P.  arbi>fra  Nettleroth.  Trofkonrma 
mrrkanum  (M<x-k),  CueloHrma  rnt.ulnln  Mc<'l..  ,(rfi»iinn  (xirn.fh  KinHlr.  .1.  harmth  ilonpala 
Kindle,  Huompkalu*  planodincua  Hall.  /;.  (StraiiarolluK)  t  xiuuu*  Kindle.  Capulu*  raurnMU 
Kindle,  PMatrma  earhiaimm  Hall.  P.  damonim  j>»rwM  Kindle.  P.  fwmiralnm  Hall,  P.  latfiaa. 
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rn»r  Miller  nml  (airlcy.  /'.  riXuin  «/jim).»uiii  Kinillc.  /'.  rrhinalHin  Hall.  /'.  arri iiirtomd  I'Irirh. 
/'.  (Ortkonurhial  flwtu  inum  Ulrirh.  /'.  MnlrhU  m  Kindle.  /'.  liHrm;  Kimlli-.  /'.  «ii/«rii cN/fii < 
Kindle,  Colrolwi  tiHuiriurlum   Hall.  Ti  ntarulili  h  folariformu  llnll.  (Jftror,  ran  janan   HhII,  <!. 

hMtmemae  Kindle.  Ortkotrra*  thmu  Hall.  Cttrtocrm  rxtmntum  Kindle.  Vrortta  ioUicep*  Hnll 
A  Clvte.  P.  maerorepkolwi  HmU,  fta'manitf  fCrgpharwi)  booth{  nIHMet  Oreen.  O.  fOdam- 

toefpkaluM)  w/rmirim  (H»ll  &  fl«rkr).  A>.  ( llnn-'mnunin t       Mir>;jf i(r  Grwn  (IIhIIi.  I.trhnx 


S>  Ih  rihtii-f}.  Sili-<  r  ('i  l  l  I:  iiiul  ni'dnrimtl. —  (  Kncrinital,  Crinoidul,  Watei-^ 
lime,  Upper  HelderbLTK,  Hydraulic  lime.-^tone.  Cement  beds,  Hamilton.  North 
Vernon).  In  1899  Kindle  (1899,  8,  110)  proposed  to  call  the  limestones  of 
Clark  County  from  the  base  of  the  black  >hiili  down  to  the  lowest  bed  quarried 
at  the  cement  quarrie::,  the  StlU  tHbiny  formation.  In  1901  Siebcnthal  (liiUl, 
S31-3B9)  prepared  a  very  careful  paper  on  the  cement  beds,  under  the  title 
"The  Silver  creek  hyiliaulic  linie-tonr  oT  -outheastfrri  Indiana."  Altbouph  aware 
of  the  sense  in  which  Kindle  hud  propo.sed  the  name  Sellersbui'K  (338-339), 
he  nevertheless  restricts  Kindle's  name  (341)  to  the  white  and  fgruy  crystal- 
line lime.etone  fcrinoidal  layers]  on  vliiiixj  the  cement  beds;  and  applies;  the 
name  Silver  Creek  (345)  to  the  Cement  beds.  H«  also  discards  Borden's 
name  Nortii  Vernon,  on  the  ground  tiiat  more  than  one  formation  had  been 
marketed  under  that  name.  It  must  be  admitted,  however,  that  Borden 
applied  the  name  in  f^ood  faith  as  a  geoloKic  term,  though  a.s  first  used  it 
more  nearly  coincides  with  the  entire  Sellersburg.  Were  it  not  for  the  fact 
that  there  is  still  doubt  about  the  correlation  of  the  various  beds  at  North 
Vernon,  Borden's  name  would  certainly  have  the  richt  of  way  over  all  others 
which  have  been  applieil  to  the  bed.s  under  di.scu6:>ion.  As  the  mutter  stands, 
KincUe's  name  must  be  lecogniaed  in  its  original  meaning  with  the  Silver 
Crwk  and  Beechwood  (proposed  by  Butt-  11>15,  120,  for  the  crinoidal  bed) 
as  subdivisions.  This  procedure  has  been  adopted,  very  wisely,  by  Butts  (1915, 
118).   The  "water  lime"  beds  and  the  overlying  crinoidal  limestone  of  the 

Falls  of  the  Ohio  region,  wore  described  as  caily  a-  by  I.aphimi  (1828, 

6&-M).  Owen  (1837-1859,  25)  recognised  the  "hydraulic  limestone"  inter- 
posed between  the  crinoidal  and  the  coralline  (Jeffermnville)  limestones.  Hall 

(1842,  58)  regarded  the  cement  bed.s  and  underlyin>r  coral  beds  us  the  western 
continuation  of  the  Upper  Hclderberg  group  (Corniferous)  of  New  York. 
Clapp  (1843)  refers  the  rock  to  the  middle  or  upper  part  of  the  Upper 
Helderberg.  Owen  (18i:!,  ir.l-l.")2)  correlated  it  with  the  Upper  Helderberg. 
Yandell  Si  Shumard  (1847)  coriclatc-d  the  limestones  above  the  Catenipora 
beds  (Silurian)  and  below  the  Black  Shale  with  the  Onondaga-Coftiifei-ous- 
Hamilton.  Lyon  mentions  the  cement  beds  in  18ri7  (18.'>7,  484)  and  in  1869 
I^yon  and  (^a->«tlay  (IH.Mt.  211)  correlated  the  crinoidal  [Beechwood]  lime- 
Stone  with  the  Hamilton.  Thi.s  appear.s  to  be  the  first  definite  reference  of 
a  formation  at  the  Falls  to  the  Hamilton.  Borden  (1874,  172;  1875,  115, 126), 

however,  should  be  u'ivcn  chiff  cicflit  fof  cnirclatintr  these  formations  with 
the  Hamilton,  for  in  1874  lie  referred  the  hydraulic  limestones  and  crinoidal 
(and  New  Albany  shale  doubtfully)  to  that  division,  a  correlation  that  has 
been  exactly  verified.  He  alxi  expressly  n-stricts  the  term  rorniforou.s  to 
the  beds  below  the  cement  rock.  The  fact  should  not  be  lost  sight  of,  further- 
more, that  E.  DeVemeuil  in  1847  recognized  that  the  Devonian  limestones 
of  the  Ohio  valley  carry  the  OnondaKa-Cornifeious-Hamilton  faunas  (see 
Hall,  1848-1849,  370).  Hall  (1879a,  139-154)  uli^o  refers  the  hydraulic  and 
erinoidal  to  the  Hamilton,  and  states  (p.  142)  that  "The  beds  from  r  to  w 
[Enerinital,  hydraulic,  spirifer  and  coral  beds,  etc.,  down  to  the  Silurian] 
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have  been  regarded,  I  believe,  by  all  geoiogiats  as  the  equivalent  of  the 

Upper  Hpldorhorp  limestones  of  New  York.  ...  I  have  heretofore  ac- 
cepted this  determination,  and  aided  in  the  dissemination  of  this  opinion." 
After  nalring  a  study  of  the  Falls  seetion  in  tbe  sammer  of  1877  be  con- 
cludrrl  that  the  hyrlraulir  and  encrinital  limestones  "are  the  equivalent  of 
the  Hamilton  group  of  New  York".  On  page  154  of  his  paper,  however,  Hall 
quotes  Borden's  table  of  formations  published  in  1874  (which,  by  the  way,  he 
attributes  to  Cox)  and  >ays  "Prof.  Cox  doubtfully  refers  the  Crinoidal  and 
Hydraulic  limestones  to  the  Hamilton  g^i^up."  In  a  footnote  he  says  "Since 
this  reference  does  not  appear  in  succeeding  reports,  the  view  then  enter- 
tained may  have  subsequently  been  modified,"  and  acknowledges  that  he  had 
at  the  first  overlooked  Co.\'s  [Borden's]  report.  As  a  matter  of  fact,  Borden 
repeats  his  correlation  in  the  1875  report,  and  supports  it  by  the  citation  of 
Hamilton  fossils  from  the  Crinoidal  limestone.  Siebenthal  (1901,  848)  has 
already  called  attention  to  the.ie  facts,  and  the  further  misplacing  of  a  question 
mark  in  Hall's  quotation  of  Borden's  1874  table,  so  as  to  make  the  latter 
appear  to  be  in  doubt  about  eorrdatlngr  the  Hydraulic  and  Crinoidal  with  tiie 
Hamilton,  whereas  Borden's  doubt  applied  only  to  the  New  Albany  shale, 
which  he  subsequently  correlated  with  the  Genesee  of  New  York.  The  fact  is, 
Hall  here  for  tiie  ilrst  time  eorreeted  his  own  mistaken  corrdation  of  all  the 
Devonian  limestones  at  the  Falls  with  the  Comiferous,  a  correlation  for  which 
he  and  not  "all  geolopi-sts"  was  chiefly  responsible.  With  the  great  weight  of 
Hall's  opinion  in  its  favor,  this  revised  correlation  has  been  generally  accepted 
down  to  the  present  day.  though  some  of  the  Indiana  geologists  continued  to 
speak  of  the  whole  mass  of  limestones  as  Corniferous,  Kindle's  splendid  work 
(1901,  52y-768)  has  completely  verified  this  correlation.* 

The  fi^owing  are  additional  references  on  the  Silver  Creek  and  SellenH 
burg:— R.  Owen  18fi2,  107  "celebrated  waterlime";  Borden  1876,  118.  uses 
name  North  Vernon  for  the  equivalent  of  the  hydraulic  cement  rock  of 
Clarke  County;  Cox  1879,  88,  uses  North  Vernon;  Elrod  1882,  174,  uses  North 
Vernon  for  "Upper  Corniferous,"  i.  e.,  the  rock  immediately  below  the  Black 
Shale;  Elrod  1883,  106.  North  Vernon  equals  "Upper  Comiferous";  Foerste 
1898,  213-288.  describes  these  limestones  in  the  vicinity  of  Chariestown,  Clarke 
County;  Grabau  1898,  80,  Hamilton  represented  in  Indiana,  Iowa,  etc.,  by 
limestone;  Newsom  15»o;{,  247-249,  describes  the  formations;  Schuchert  1903, 
144-152,-the  corals  of  the  Hamilton  of  New  York,  Western  Ontario  and  I^uis- 
ville  belong  to  one  province.  Tlie  Hamilton  of  this  area  received  many  of  its 
species  from  the  Onondapa  below;  communication  was  also  establi.shed  between 
the  Mississippian  sea  and  Brazil;  Hopkins  1904,  39,  41,  described  the  forma- 
tions; Ellis  1906,  761,  table  of  formations;  Blatchley  1907,  60,  hydraulic  lime- 
stone of  Silver  Creek  formation;  Tucker  1!>11,  1",  table  of  formations;  Butts 
1915,  118-129,  correlation  and  careful  description:  Names  the  crinoidal  lime- 
stone, Beediwood:  finds  a  stratigrairiiie  hiatus  between  Jeffersonville  and 

*  Thi-  writer  tiikrs  this  opportunity  to  9HJ  B  dewmud  tribute  In  I*i  <>r<'ss<ir  W.  W.  Borden, 
«  who  founded  the  Borden  Institute  nnd  nniMun  at  the  town  of  New  Providence,  now  Borden, 
and  aervnl  for  many  years  with  diatlneUon  on  the  In<Uana  Gfolosical  Survey.    He  braatcht 
tofcthcr  a  vaioahte  colleetloii,  atlU  feaoMd  at  th*  Bonlaa  muMttm,  and  eontributcd  much  to  the 
advaaeement  of  mtence  and  eduMlton  fn  Indiana.    It  would  be  eminently  flttinx  if  hli  name 

Mid  th»t  of  thf  town  iif  Bordt  n  n.ulil  In-  hi  tu<  fciilh  nttm  hrd,  in  \i\nrf  <if  the  obintli  lc  namo 
"KaobatonL'",  til  thf  icri'ut  Krou|>  of  shales  anil  iiandat<inos  uf  the  UurlinKton  and  Keokuk,  so 

wdl  expuM-ii  aboot  Bovden.  and  thli  dWiiioB  of  tha  MiulMisptas  to  iBdlana  be  oaOcd  «h« 
Borien  group. 
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Sellcrsburg,  Marcellus  shale  being  absent;  Stuutrer  1015,  225-227  discusses 
origin  of  th«  HanUtatt  fauna  and  etiea  literatttre.  Sea  ako  ]>apera  by 
Sehndiert  1910,  Ulrich  1911,  Stauffer  1909,  Dunbar  1919,  A.  M.  MiUer  1919, 
etc 

The  Silver  Creek  member  of  the  SeUenburir  formation  as  described  by 

Siebenthal  (1901,  345)  lariK'fs  from  in  to  16  feet  thick  in  the  type  repion, 
and  8  to  10  at  Charlestown,  thinning  rapidly  to  the  noi-th  and  disappearing 
as  a  formation  in  the  northern  part  of  Scott  County.  The  present  writer 
nvovld,  however,  question  its  supposed  absence  from  Jennings  County  wlu  ic 
it  was  identified  by  Borden.  It  is  a  homogeneous,  finegrained,  bluish  to  dr<ib 
or  dark  gray  argillaceous  mngnesian  limestone  which  when  calcined  forms 
a  water  or  hydraulic  lime.  According  to  Butts  (1915,  119)  it  ranges  from  50% 
to  60'^.  CiiCO,.  16';  to  :55' .  MkCO,,  10'^  to  15'-  Silica  and  to  6%  Alumina. 
A  large  part  of  the  silica  is  in  the  form  of  chert 

The  Boechwood  (Crinoldal)  is  from  S  to  8  feet  thick,  thick  bedded,  light 
gray,  coarsely  crystalline,  and  very  fossiliferous,  esppoially  aboundinjr  in 
erinoid  plates  and  segments.  It  contains  black  phosphatic  nodules,  especially 
in  the  lower  layer. 

Fauna  of  th.'  Si-llcnlluiS*- -Hutt>  ll'Jl",,  lill  li^U  (ho  following  simckn  fr<im  th<>  Silvrr 
Crrck  limeittono:  ZaiihrmtiM  oji.,  Fmixtilta  i>)>.,  i.iVArna  lo  ><;<.,  .\thuri»  /u/(un<nKij<  (Swallow), 
Atrvpa  rrtieularit  (Linnaeus).  .1.  n/iinoaa  Hall,  A.  ntbtjuaiirala  Ncttleroth.  Chcnrtm  vafutrlloMUB 
Hall,  CwrIrM  h^mUUmtnmM  Hmll.  C.  IfmiitonemMiM  rnta  Hall.  BuneOm  limeklafni  Hall,  Gtotima 
trtamgaM*  MattkroCh,  MtrbMla  UmUnri  UM,  SpM/er  6»niM<  Nattlaratli.  S.  f^matu'*  Hall. 
S.  inranulB  tOwan).  8.  MMrf  Han.  5.  variMma  Hall.  Stnpktmbmf  «MiMaa  Hall.  S.  ^erplmna 
iConrad).  Tropddeptiui  earimatma  (Conrad).  AviimlopeHm  rranirottatuM,  H.  A  W..  Paraewtta» 

tUiptira  H«ll.  r.  Iirala  (Viniail.  I'ntitphf  ninimif  louinvillii:    II         W  ,    Nnif  '.i.   tnajini'in  Conrad. 

From  the  HftM-h »  <mm1.  Hutl«  d'tl.''..  12fi-r.;M(  liKt«  (hi-  rolli>vvm«:  .Ur.«/i/<.<  i/D/rfirnjii  Bill- 
irn,"<.  .1.  Miantlularm  Davis.  Anthoiitm  H)>ifioiiuii,  .1  ufaru/>h v'/um  eoniwrHm  D.,  Au'oikho  rvrnuta 
Uill.,  ChomrtihuUitm  nanum  U..  Cladoitora  alcirornin  I).,  ffululmi  D..  C,  jiiai/uix  Kominicer. 
CuathaiAitUmm  rikrianum  I).,  ('.  in«iifn4  D..  C.  pm*tulo»uin  D.,        truphua  Rom..  lornatttm 

C,  trmmlkmimm  CtMipkyUum  ameriemmm  E.  A  U..  C.  ahionue  MIcImImmi.  Dmdrovvn 
attwMw  Itain^  D.  <i^M«a  lam..  D.  ormte  Vbam^  D.  Mciitata  Si.  Dijikiittmm  fCrvptdb* 
phiritum  arrkiaei  Bill..  th-wMopora  mUoporoulra  Davi*.  D.  fnttUntm  D.,  FavMiU*  «««rnio«iM, 
F.  HitiitatuM  Rom.,  F.  iitHtlirini  D.,  F.  izimuf  I).,  F.  iitarrnta  Rnni.,  F.  rotunililtiha  D., 
t  i  *  U'.^  '(Uhhi  )a\  t  t\>  \{\'\n..  It.  ntftii-ralmirl  I)..  Xfiihilinnt  t  ri..,,  r/ti  i>  Itiini,.  \t .  jr/rxnri  li., 
ZaithfinliK  ruinalhii  I)..  ij  jrlanala  !>.,  X.  galliralcar  I)..  hi  llh  mlhi  I).,  /  rirxfu/osa  Kom., 
2.  rtpmotdti  D.,  Z.  triurmma  D..  X.  unuuta  Rom.,  Anrnrnrnnut  />u.'fi<jxii/<  Mall,  f)oiatorriMUJt 
ta'ka«nw  Miller  A  Gurky,  D.  grrmi  M.  A  G..  U.  tmbrrrulatuM  Wachamuth  A  Sprinacr,  Grn- 
nt»9ertmu  AmtMUnuit  aimiiiard.  MegbiUertmiu  drfwemtu  Hall.  M.  m#aiaa  Lyvn  and 
Oaawday,  AmbueatUa  mwbaiief  (Conradl.  Atkt/ria  fmtttmenda  (awallow),  Atm» 
•pliMM  Hall.  OanwrobmAia  aappkc  Hatl.  CentmrntUa  glana-fagea  Hatl.  rhonrfM 
arutiraefiituu  Hall,  Craniti  Khildimi  While  l=C.  borHtui  H.  ft  W.).  ('vlina  hnmilUnr- 
tnmis  }lall.  ('.  hamittoninniM  n  rta  Hall.  IhllhtrriK  xru' iitili*  Hnll,  (>tliiru'i)iili  a  ilniiii  Hall. 
Fmtmionia     ttutxulmttt     Citnriu],     I'htihdtirit     i>h  ut     ut  trnf  rif^tM     (Ourni.  j(;iiMM'trr*f*f(i  UmII. 

Rkifiidumrlla  poudii  mi  Nettlrroth,  H.  /iriii  Uillinus.  ii.  vanurt  mi  Hall.  St hizoiihon 'la  Klriatula 
( Srhlothpim ) .  SrkachrrlrUa  rhf  munu<n»ui  arctistriaitu  (Hall).  Spirifrr  OMrfara'uii  (Conrad).  S. 
ik«66ai  (Nettteroth).  S.  wamrtuuB  Owen.  S.  mmeeanmiki  NettleroUi.  5.  owmi  Hall,  S.  »cgmr*tum 
Hall.  8.  wHnmm  Hall.  StropAfarfaala  <•«««»•  Hall,  S.  drmlma  (Gonrad).  8.  itrrjrfma  (Oon* 
radl.  AvUmlapfeten  priiterpm,  CllnopUiha  antitiua  Meek.  C.  mtriala  Nettlernlh.  C.  ndmamlm 
H.  A  W..  Grammvtia  oibko»a  H.  A  W.,  l.imepltra  ranrrllata  Hall,  ModiomfmriAa  afSini*  Hall. 
If.  alta  CoiirmI,  M.  rharliHtoirm  <i  i  ■  \,  ttl»Toth,  ,M.  rnnn  nlrim  (°onr:iil.  Af.  mi/f i7<>iW<  n  Conniil. 
N»eu'a  h>r:,ri  Npttleroth.  jV.  n,,la  H  \-  W..  iV.  nmtira  H.  &  W..  I'arartirla»  ilonijala  Neltlo- 
rath,  f.  oAioinxM  Mcpk,  I'tiirhmfoiDia  Ana/i/iiana  Hall.  Yoldia  valrufu*  II.  &  W.,  liilltntphun 
Ma  Hatl,  £'Hoin/iAa(iM  aamaoni  Nettlerottu  Lozonrma  hamiHoniar  Hall.      kudraulirmm  II.  A  W.. 

Uriunmlum  Hall,  L.  reetMrimtum  Hall,  natttrtrnt  tamiMm  Hall,  P.  damMNw  Conrad. 
P.  mAmmIkm  HaU,  Jt.  rarMjn'Mitm  Hall.  PlatyaitoaMi  Umtmimm  CsiiT«d»  TfitmemlUM  aettar^onmit 
Hall.  ObatiiAaiwraa  muifprmu  Hall.  G.  MfMitfonN*  Meek  and  WorOian.  XfrUsa  »p»  Oafwaaitca 
tmltpaa  HaM  and  Oafte,  Phaaopa  rana  Onm,  Prwcfva  mmeraetpkahm  HaU. 
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To  thcae  tist«  the  followini:  niMScieB  dcaeribed  by  Kindte  (I90U  from  the  St-lliMnburu 
■heuld  be  tMedt—Crmnia  iorim  Hall.  Cnmfm  tp..  Cammnt^etkia  trthm  <Billlnits).  RkvurlumeUa 
biMlntttrMk  Ncttdratli.  R.  gaiitrn  NettleroUi.  R,  tenmiUrkita  NcttleroOi.  Uptaemm  Hi^mbmdaHa 
(Wtlekens),   Ponwvffd  hhtuta  HatI,  AthvrU  $pMfrroUlr»   lEnton),  Chomrtet  numiMtntu 

Whitenve-i.  C.  ruionatiis  (rurinul).  C  iniicionatus  Mnll,  Itillhurit  rarieottm  Connul.  Ptnt^wttTtUu 
imrillioiii  nxiii  Ilnll.  St ruiihnxititila  inriiuintriala  ( (  iinriKl  i  .  I{hiiiiifiini<  na  liMr^wia  Hull,  Marlinia 
xahuitihima   i  Hall  i .  .S'ii<'l<  n^/" <  •!  i-«»inti;ia  Hull.  /'rio/Mf'.  u'n   k^.i  i  u'n  Hall.   \'tltilina  iiHululosa 

Hall,  Si*i>'iiff  tlit'ii  I  irul  tiji  Hull.  .S.  frttimtiuH  I'Inpp.  r/j  u  fj*i/i>.viis  H'urir:»«l).  .s*.  ai  rtint'titit^ntum 
Hall,  N.  dundi  nariux  (  Hall  i .  .s'.  uiurmtialiiH  Hull.  S.  uiatrus  Hall.  ICi  I  irulmia  )' mlniala  (Connul). 
lUrrinm  JIahrllA  (Cnnradl..  muptodiMma  orridrntalr  Hall.  Pararurlam  rltiittira  Hull.  Ctr4iofM» 
tratieMtaUt  H.  *  W..  Ntuvia  forMiformut  Hall.  .VMloiM«r;«ha  rreta  Hall.  (irmmmtiaS*  mA' 
mrmmta  Hall,  Cgitrietirtlinn  i  rgHmiritm  H.  *  W„  SMrmim  tr(««l«,  ffHInvjAan  f«r«  Hall. 
Brtteropkon  ap.,  nbUmmfoma  irfrarataiiHi  Hall.  nsfwonComa  np..  P.  linrala  r«ffaii«m  Hall, 
/mimtna  humihw  Mcek.  MticirheSitM  earinatnf  NcUliii 'til.  /'/i  <ii  c/ijiiiui  in  ^u'l'initnnniniti  Ifn- 
rad.  /'.  luriita  Hnll,  '/'r.ir/!f,iii  mo  riHorrrola  H.  \V..  V.  i- i-litnti  ra  H.  A;  W..  I'lnl  >iri-ra» 
rarinatam  Hnll.  /'.  nol/.  n  Nitili-iuth.  /'.  fhr/i'<  Hull.  /'.  hurt      i\l  um  Hnll,  /'.  Ki/tn  uii-trirMPM  Hall. 

iniltatuitDif  Miller  6:  (iuik'y.  /'.  athnaatum  Hull.  I'.  inr»u«i  Hall.  /'.  rirt*m  »i»nonum 
Kiniilr.  /',  rr> III /ir> HUH iH  vnr..  CaltiAtui  !•  HuifinrtHm  Hnll,  ('ntiitlttTtn  ajl,,  GoMphor)  ran  i<ii>ium 
Hall.  U.  rcpkanu*  Hall.  Goaiolitra  dMroMraa  oAaWitaui  Hall.  I'roettu  dWajiwarirmadw  HalU 
/tartwaajtra  fCrttphanu)  ptfiotu  Hall  A  Clarlc<>. 

SBNECan.  A./r  .t//»« »///.— (Devonian  Black  Shale,  Black  Slate,  Black 
liinpula  Shale.  Loui-villc-I >i  lphi  hiack  shale,  (Jenejiee  .shale  or  .'ilate,  Marcellus 
.''hale,  Black  bituminous  ^liale  ami  slute  of  authors.)  The  name  New  Albany 
shale  was  proposed  by  Borden  (1874,  158)  in  1874  for  the  formation  previously 
known  a.s  the  "Black  .slate"  or  "Black  I.injriila  slate"  in  Indiana  and  Kentucky. 
Two  years  previously  Collett  had  used  the  name  "Louisville-Delphi  black  slate"; 
and  he  repeats  the  desiirnation  as  late  as  1883.  Thin  is  an  altogether  unusual 
form  of  prt'oloi^ic  name  and  althort^h  f'ollett  appears  to  have  employed'  it 
definitely  as  a  geologic  term,  it  can  :9curcely  receive  serious  consideration.  The 
New  Albany  fell  in  the  Subcarboniferous  of  Owen  (1837)  as  he  at  first 
defined  the  term;  but  he  subse<|ueiuly  (1844)  re.striited  the  term  to  the  lower 
calcareous  division  of  the  Carboniferous,  thus  cxcludinR-  the  New  Albany  and 
lower  formations;  and  in  1859  he  defined  the  Subcarboniferou.s  as  con- 
sisting? of  the  rocks  Ix  hrun  the  Devonian  black  slate  and  the  coal  measures. 
The  formation  in  liidian;i  ha.s  subse<iuently  been  commonly  retrarded  as  of 
upper  Devonian  age,  ItiouKh  its  exact  correlation  has  been  and  remains  a 
matter  of  uncertainty. 

Clapp  (1843,  18-l!»)  correlated  it  with  the  Marcellu>  of  New  York.  Hall 
(1842,  57,  62;  1843,  280;  18  t3b,  519)  at  iirst  correlated  it  with  the  Marcellus 
shale  of  New  York,  statiniEr  that  it  "is  the  only  representative  [in  the  Indiana 
rep-ion  1  of  th.it  rock,  the  Hamilton  .'ind  the  flitiesee  slate",  and  repeated  this 
correlation  with  more  or  less  hesitation  down  to  1862.  This  correlation  was 
foUowed  by  D.  D.  Owen  (1848,  152;  1844),  H.  D.  Rogers  (1843,  161-162; 
1844,  IST-Kil)  and  others.  Owen,  however,  in  1847  changed  his  mind,  and 
correlated  it  with  the  Genesee  of  New  York  (1847,  72).  In  1847  de  Vemeuil 
(Hall  1848-1849,  .370)  aKso  stated  that  the  "Black  shists"  of  Kentucky  and 
Indiana  represent  the  Genesee  slate.  This  led  Hall  (1851,  285-318)  to  express 
some  doubt  as  to  whether  the  black  shale  is  Marcellus  or  Genesee.  Yandell 
A  Shumard  (1847,  l(i)  also  favor  the  Genesee.  Nevertheless  in  1860  we 
find  Hall  (1860,  96)  stilt  correlating  the  Indiana  formation  with  the  Mar- 
cellus. Safford  (18.^)(5.  1.S8)  and  Lyon  (18«n,  (ViO)  were  of  the  opinion  that 
the  Black  shale  belongs  in  the  Subcurboniferous,  though  SolTord  had  in  mind 
the  Chattanoogfi  shale  of  Tennessee.  This  correlation  has  reoantly  been  revived 
by  Ulridi  <1911;  1915,  etc.)  for  the  Chattanooga  and  the  upper  part  of  the 
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New  Albany.  Lyon's  view,  however,  was  baaed  on  an  erroneous  determination 
of  the  horizon  of  the  Goniatite  limestone.  Mcok  and  Worthen  (1861,  167-177) 
definitely  correlated  the  New  Albany  with  the  Genesee  and  this  view  has  pre- 
vailed  generally  down  to  recent  years. 

<8w  Hcak  1M7.  ».  Gcncaws  Gut  IMS.  2M0.  ntm  it  to  Ow  MMMHMi  Bnrdca  1«I4,  IM 
Is  in  dodbt:  Bdrien  ISTS.  118,  ntm  H  to  Gcmm:  m  ■!■»  liTS.  MS:  WbltJMd  ItTS.  181. 
GcBcnce.  HamUton  md  IhrMiltM;  Hall  1879a.  IS2.  ■The  Mack  date  of  the  wwt  h  Of 

•OMlvalnt,  and  even  thf  nbM>lute  continnatinn  ot  the  black  iihalri>  KurcenKns  the  Hamilton 
Itroiiii  of  New  York  (the  Uont-m-c  slate)":  Elrrxl  1KK2.  195.  correlates  Geneaee  =  Louisville 
black  shale  ■»  Delphi  black  ^haU>  —  Huron  hhal<  of  Ohio  ~  Devonian  black  shale  of  the 
West;  R.  T.  Brown  18«3.  84,  OcncKce ;  McC«!ilin  18H4.  l.U-l.V».  Genenoe :  Thumpiuin  1R88. 
16.I7.  Geneaee:  H.  S.  Willianis  1888,  2.t2-2:t3,  the  New  Albany  shale  t«  upper  Devonian.  The 
Mack  ahala  and  Ita  fauna  mar  be  reBardcd  aa  tonniaatios  the  Devonian";  U.  S.  Williama 
I88I.  uaoMfaua  rafercncca  and  iiteratore:  Oahbertir  I8S9.  SIS  irfvta  4lilaiaicai;  H.  S.  WflUaau 
1897.  398-403,  New  Albany  may  vary  with  reference  to  Oa  Uow  MBta  la  dMfcfCf>t  KStona  of 
the  south  and  contains  at  li>n.tt  locally  eocarbonlferoas  faunas;  Hans  Dnden  1897,  198-119, 
Description.  ChiniioHl  (■■■mp<isjti<.n  and  Hilumcri  content.  Phml*  (li-M-rilncl  tiy  White:  Srovcll 
I8»7.  .M3  fk-new  ;  UUtchley  and  A»hlry  XHVH.  \9.^0.  Genenee ;  Blatchley  1898.  Geniwe. 
Hive*  thickness  at  several  piaeea;  Olrty  IHOH,  :'.81-:titt.  careful  iTvie%v  r.f  the  literature,  and 
ooadudes  that  at  least  the  knrar  part  of  the  New  Albany  may  be  correlated  with  the 
GeneMC  bat  by  laiplUation  rather  favon  the  Idea  of  WUiaou  and  Clarke  that  not  all  por- 
tions «r  dM  fonnatlon  will  bear  thif  corraiatlon,  may  «kIcim1  Into  Pwtaa^  cte.:  Kindle  1888. 
7-8.  10-88,  102-111.  trivps  many  seetlons.  flauna,  strtttivniphy.  Matoty  and  correlation,  eon- 

.  luih  -^  thiit  ■■thi'  writrht  i>f  lh<'  fviilrnn'  .■<iTm>  therefore  in  favor  of  the  eciuivalenee  of  the 
faunH  of  the  (k-nex-e  and  the  New  Albany  Khalo"  :  Kin<lle  130).  5«9.  think*  It  may  be  e«njivBlent 
to  both  the  Genesee  and  the  ri>rtM.tr  ;  Si<l). m hul  I'.'iii.  ;!:i'j-:til,  description:  Newvim  rui,;.  :!|7, 
261-265  historical  sketch  and  description;  Hopkinx.  I'lOt.  :)»,  41,  "Geneaee,  Marcellu» ' ; 
Blatehlry  I90fi.  distribution.  thi(  kne!,i>  and  uses  as  rnait  metal :  Ellis  1908,  781  taMa  at  forma- 
tioni:  Wanl  1908.  108,  mention  :  Tucker  1811,  U,  table  «f  formations.) 

Since  the  publication  of  Schuehert's  monumental  treatise  on  Paleogeogw 
raphy  in  1910,  the  diaeuseion  of  the  correlation  of  the  New  Albany  ahale  has 

entered  a  new  pha.se,  with  a  tendency  to  regard  at  least  the  upper  portion 
as  belonging  to  the  Mississippian.  Schuchert  (1910,  548)  refers  the  upper 
New  Albany  to  the  Mississippian  and  correlates  it  with  the  Hannibal  ( Kinder- 
hookian)  of  Missouri.  Ulrich  (Iflll,  pi.  29  betwppti  fiOS-fiOO)  correlate.s  the 
upper  New  Albany  with  the  Chattanooga,  Clcveland-to-Sunbury,  etc.,  as  lower 
Mississippian  (Waverlyn)  and  repeats  this  correlation  in  1912  (1912,  157). 
Thf-  lower  N'pw  Albany  hf  (1011,  pi,  29)  corTolatPs  with  the  Gencsee-Portapre. 
Kindle  (1912,  18^-218)  takes  issue  with  Ulrich  as  to  the  age  of  the  Ohio  forma- 
tions, but  does  not  discuss  the  age  of  the  New  Albany.  Butts  (1915, 1S9-187) 
is  "strongly  inclined"  to  maintain  the  upper  Devonian  ape  of  the  New  Albany 
shale;  and  repeats  this  opinion  in  a  later  paper  (1918,  10).  Dunbar  (1918» 
754-765;  1919,  25;  1920,  114)  while  expressing  some  doubt,  indines  to  plaee 
the  Chattanooga  shale  in  the  Chautaur|uan  divi.^iion  of  the  Dsvonian,  hut 
yays  (p.  or!)  that  the  Tcnne.s.see  Survey  had  decided  that  the  upper  part  is 
early  Missiik'iippian,  The  present  writer  inclines  to  the  opinion  that  the  New 
Albany  shale  in  Indiana  is  upper  Devonian  (Senecan?)  throughout;  but  that 
to  the  southward  in  Tenne.>*spe,  etc,  black  shale  dcpo.'^ition  extended  on  into 
the  Mi.ssit«sippian.  (On  the  black  shale  problem  see  aLso  Grabau,  1921,  440- 
447.) 

The  Now  .'Xlbany  black  shale  averapo.*  about  100  feet  thick  in  Indiana 
and  does  not  ort^narily  depart  widely  from  that  thickness.  Blatchley  (1898, 
27-28)  ^ves  104 ,  feet  at  New  Albany,  103  at  Salem,  115  at  Seymour,  124  at 

Bridirotiort,  124  tit  Goshen,  0.')  at  South  Bend,  H.S  at  \'aIparaiso  and  112  at 
Crown  Point.    These  figures  are  based  on  well  records.    Mr.  Beeves  of  the 
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Indiana  .Sui-\'ey  has  meamred  aeetions  as  great  as  140  feet  thick  and  as  km 

as  80  Sect. 

This  rock  is  an  evenly  laminated,  conspicuously  and  regularly  jointed, 

deep  brown  to  black,  fissile,  carbonnceous  shulo,  containing,  according  to 
recent  analyses  of  dried  sampli^  by  Mr.  Ray  of  the  Survey,  hO'A  to  60%  SiO>, 
aboot  11%  FciOi,  10%  A1«0i,  5%  MgO,  TJO»,  SOi,  TlOt.  Na^  and  K^,  and 
24%  fixed  anr!  volatile  carbon,  etc.  It  weathei-s  into  thin  plates  with  a  brown- 
ish to  gi'ay  color.  It  is  an  oil  shale,  yielding  as  high  as  25  gallons  of  oil  to 
the  ton  hy  dry  distillation.  Disseminated  species  of  pyrite  are  common.  About 
15  foot  above  the  base  in  a  number  of  loratilirs  in  southern  Indiana  (North 
Vernon,  etc.)  are  several  thin  layers  of  fine-grained  calcareous  sandstone, 
showing  extraordinarily  perfect  jointing.  Several  thin  bands  of  greenish  or 
blue  shale  occur  in  the  lower  no  feet.  In  the  upper  part  of  the  formation 
fossil  tree  trunks  have  been  found.  The  Marine  fossils  listed  from  the  New 
Albany  are  all  fnrni  the  lower  ten  feet  The  formation  is  best  exhibited  in 
Clark,  Scott  and  Jennings  counties. 

FoMila  of  tlw  N«w  Alteay.— Butte  (IMS.  1M>  Hate  the  foUowiiiK  apwica:  Pahopkyau 
neMttmnM*  Dodnu  P.  Untmre  Oadm.  t^uvnrkymopk  i/eua  mpluMitwit  Dndcn.  Ptmiaharnim  f 
momata  f  Dawion.  Sporanoitrn  huronnuria  DawKnn,  Sitorangitm  radiatn*  Duden.  CfcoMetM 
Utndtu  Hull.  Lrurrhvnrku*  quadrimiUitUii  (Vanuxt-m),  l.i«w*lo  mrlU  Hall.  Sehiz<iin)tti»  ron- 
etnlricim    (Vnnuxem),  Stiliola  fiHturtlla  Hall. 

To  this  list  the  r<illi>wiht.-  should  Ix-  ««hlwl  fnmi  Kliullr's  (1901.  .171..179>  list:  I.i  h  >,>irhu' 
Hmilarr  ( Ynnimi-m » .  I.iniiula  niialulala  Vanuxt-m.  BnrrnimrUa  ii»h*jtat*lata  Mpfk  &  Woithon. 
OrbieuUndn  lodien»ia  (Vanuxem)  T.  Stropkrodonta  I'ttleonrOo  ap..  Panmka  radMtnn  4 Hall). 
Panmka  sp.,  PteVtoapira  toeiaUu  (iirty  ?.  Ptrurottnnaria  ap..  Afogr— fcriHwa  sp.,  StrupmrvUma  sp.. 
GoniatiUa  iMtaahmaia  Kindle.  C.  dtlpUnuu  Kiadte,  OrHtaeerat  ap..  SpatMoeana  rmetw&mi 
Clarhcb 


CHAn-KK  IV. 

MISSISSIPPIAN. 

The  rock.s  now  known  as  M i.'^s-issiiipian,  Pennxylrnninn  and  Pvrnnini  in  thi.'^ 
country  were  originally  included  more  or  less  loosely  in  the  Carboniferous 
group  or  system  of  Conybeare  (1822,  838).  While  the  name  Carboniferous 
is  still  in  use  as  a  jjeneral  and  popular  desit^nution  of  the  upper  Paleozoic,  it 
is  no  longer  in  good  standing  as  a  systemic  term,  and  should  not  be  used  in 
that  sense. 

The  first  suggestion  in  Ameiiea  of  a  limitation  of  the  term  Carboniferous 
to  the  Coal  bearing  rocks  proper  or  Coal  measures,  was  Owen's  proposal  of 
the  name  Subcarboniferous  (1837-89,  12),  which  he  at  first  used  as  a  desig- 
nation of  all  the  rocks  below  the  eoal  measures,  as  follows: 


Sub-Carboniferous 
Group 


1. 

2. 

3. 
4. 


OSlitie  limestone. 

Silico-Calcareous  .^^eries  with  occasional  beds  of  day. 

Black  bituminous  aluminous  slate. 

Fossilfferotts  and  inferior  strata  ot  tiie  Cubearboni- 
ferous  group  consisting  (1)  of  fossiliferous  beds 
of  the  Falls  of  the  Ohio,  (2)  Waterlime  and  varie- 
gated strata,  (3)  Sand  and  burrstone,  (4)  bluish 
or  brownish  limestone. 
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In  1844  he  restricted  the  ttM-m  to  the  lower  calrarcous  division  of  the 
Carboniferous  and  in  18o!)  defined  it  a.^  follows:  the  Subcurboniferous  con- 
sists of  "series  of  limestones  with  subordinate  fine-drained  sandstones  and 
shales"  lyinp  between  the  l)evonian  Black  Slate  and  the  Coal  measures,  or 
(1856,  16)  the  strata  extending  down  to  the  "Black  lingula  shale"  on  which 
the  Coal  measures  repose.  To  these  rocks  Owen  at  first,  and  the  earlier 
geolopists  generally  in  this  country  and  E»i}rland.  hail  applied  the  name 
"Mountain  limestone".  Hall  (1843,  267-293)  has  independently  applied  the 
name  subearboniferoas  to  certain  beds  of  limestone  intercalated  in  the  Knob- 
stone  rock.  Perhaps  the  earliest  recojrnition  of  the  common  character  of 
these  rocks  in  the  Mississippi  valley  was  by  Thomas  Nuttall  (1821,  14-&2)  in 
his  paper  on  the  "Cieolofrieal  structure  of  the  valley  of  the  Mississippi.**  In 
1838  Caleb  Bripffs  (1838,  79)  pave  the  name  "Waverly  sandstone"  or  "Waverly 
Fcries"  to  the  i-ocks  in  Ohio  between  the  black  shale  and  the  Carboniferous 
conglomerate.*  I>e  Verneuil  (1847)  recognized  the  "Carboniferous"  age  of 
the  rocks  thus  referred  to  the  Subcarboniferous  and  Waverly.  Lyon  (1860, 
012-^21)  used  Subcarboniferous  in  the  sense  in  which  Owen  first  employed 
it  in  1837,  and  Hall  (18.^7-.5i),  etc.)  used  it  for  his  so-called  Chemung  gi-oup 
of  the  west  and  employed  the  term  "Carboniferous  limestone"  for  most  of 
the  rocks  commonly  referred  to  the  Subcarboniferous.  In  the  IfTiO'^  and 
60's  the  geologists  Owen,  Hall,  Swallow,  Norwood,  Meek,  Worthen,  Shumard, 
C.  A.  White,  Engelmann  and  A.  Winchell  made  great  advances  in  deciphering 
the  stratigraphy  and  correlation  of  the  rocks  of  the  Mississippi  valley,  and  in 
these  years  proposed  a  set  of  names  which  constitutes  the  framework  of  our 
present  terminology.  Among  these  names  was  one  suggested  by  Alexander 
Winchell  (1871,  79)  for  the  entire  mass  of  Subcarboniferous  rocks.  This 
was  the  form  "Mississippi  ^rroup".  This  important  proposal  attracted  little 
attention  until  18iil  when  in  his  important  correlation  paper  on  the  Devonian 
and  Carboniferous  (1891,  185),  Professor  H.  S.  Williams  propoaed  to  revive 
this  appropriate  name  in  the  form  "Mississippian"  and  to  discard  the  non- 
gcographic  term  Subcarboniferous.  Winchell's  naunc  therefore  come  by 
common  consent  to  stand  for  this  system  of  rocks  in  America. 

The  main  subdivisions  of  the  Mississippian  were  named  in  rapid  suc- 
cession by  these  workers  between  the  years  18ir>  and  1S(;2.  Apparently  the 
first  to  receive  a  jicoKiaphic  name  was  the  thin  band  of  Imieslone  ininietliately 
above  the  Black  shale  in  Indiana  which  was  known  to  collectors  as  the 
Goniatite  or  Rockfon!  Goniatite  limestone.  The  name  Rockford  seems  to 
have  been  ftrst  published  by  Owen  and  Norwood  in  184G.  The  term  was, 
however,  like  Waldron  and  Spergen,  a  popular  designation  and  appears 
never  to  have  hren  explicitly  pioposed  as  a  jreoloujic  formation  name.  The 
shale  and  sandstone  rocks  next  above  the  liockford  received  from  D.  D.  Owen 
(1857,  851;  1859,  21)  the  name  "Knobittontr  or  "Knob  sandstone"  rocks  frcm 
the  "Knob"  rejrion  of  Kentucky.  The  Kindcrliook  or  lower  division  of  the 
Mississippian  was  named  by  Meek  and  Worthen  (1861,  288)  from  the  town 
of  that  name  in  western  Illinois.   Hall  (IS.'SOa,  r>3-.'>G;  18.'i7,  187-203)  named 

'Week*  (IM2>  cmliU  Waverly  to  Hathvr  I8;;».  AwHricnn  JiwrnBl  of  Science.  S*>i.  I, 
vol.  S4.  p.  SM. 
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the  Burlington  formation  from  Burlington,  Iowa,  in  1856;  and  in  the  same 
paper  called  the  rocks  next  higher,  the  Keokuk,  crediting  the  name  to  Owen.* 
The  formation  next  above  the  Keokuk  hr  called  Wtn-finir  (Jhid.).  The  name 
81.  LouiH  is  another  exaimple  of  those  desit^nutions  which  flrst  came  into  u«e 
aa  local  and  trade  names  and  were  suhsequently  adopted  into  greoloKic  nomen- 
clature. H.  S.  Williams  says  (1891,  147)  "St.  Louis  limestone  had  been 
/  used  as  a  f^eneral  term,  and  was  technically  applied  by  Dr.  Owen  as  a  dis- 

covery of  Dr.  Shumard  in  1849."  The  reference  to  Owen  is  to  a  letter  to 
de  Vemeuil  in  the  Bulletin  of  the  Geological  Society  of  France.  I  have 
not  seen  this  paper,  but  assume  that  Williams  is  correct  in  his  statement. 
It  is  credited  by  Weeks  (1902,  358)  to  Engelmann  (1847,  llU-120)**  and 
by  H.  S.  WiUiams  (1891,  144)  to  H.  King  (1851,  182-199),  though,  on 
another  page,  hi>  appears  to  credit  it,  as  cited  above,  to  Owen.  He  says 
(p.  150)  "The  name  [St.  Louis]  was  delinitdy  proposed  and  defined  by  Dr. 
H.  King  of  St.  Louis  in  1851."  Hall  (1859,  56)  credits  the  name  to  Swallow 
(1st  Missouri  Rept.).  It  i>  i  vident  that  the  Mississippi  valley  vrcoloiri-t-  were 
all  more  or  less  in  the  habit  of  employing  an  already  locally  familiar  name, 
and  that  no  one  in  particular  should  be  credited  with  the  authorship  of 
the  term. 

The  name  Chester  presents  a  problem  of  another  sort.  It  was  first  used 
in  manuscript  by  Worthen  in  1853.  Worthen  says  (1866,  42)  that  he  pro- 
poeed  the  name  in  his  Held  notes  of  1868  and  made  this  known  to  Norwood 
anfi  to  Hall.  In  spite  of  this,  he  says,  Hall  in  his  IR.Sfi  paper,  proposed  the 
name  Kaskaskia.  "His  reasons  for  substituting  the  name  Kaskaskia",  says 
Worthen,  "for  Chester  limestone  do  not  appear."  To  those  familiar  witii 
Hall's  methods,  further  inquiry  as  to  his  "reasons"  is  scarcely  profitable. 
Weeks  (1902)  credits  the  name  to  Swallow  (1857,  5).  It  is  here  credited 
to  Worthen  1853.  Kaskaskia,  as  intimated,  was  proposed  by  Hall  (1856,  56). 
This  term  has  been  superseded  by  Chester  (but  see  under  Chester).  St. 
Genevieve  was  named  by  Shumard  (ISf)?  [IHfiO],  JOfi). 

David  Dale  Owen,  James  Hall  and  A.  H.  Worthen  were  largely  re- 
sponsiUe  for  the  subdivision  of  the  Mississippian  into  the  Kinderhook,  Bur- 
lington, Warsaw,  St.  Louis  and  Chester  (Kaskaskia)  Hivision.s  (in  a-scendin^ 
order).    The  rudiments  of  this  classification  are  seen  in  Owen's  section  of 

•  D.  O.  Owen  tlSBS.  9t}  in  •  aeetira  of  MlMSMtHwifbraoa  limntjciM  of  Imm.  ku  "Em- 
rrinltal  irrout>  of  BurllmrtoR".  "IMdIah  krown  oierinltat  sroap  of  Hftirolba]'*.  and  "Clwrty 

llnH-tiTu-   nf   Keokuk,"   or   "KcHikuk   chcrty  Umcalonr."     It   can   warccly   be  armipii  that 
mt-nnl  lh<>4-  ll^  fiimiiitiiin  nmnrN,  ihnuKh  Hall  (1856,  1H57)  criHlitit  K»'<ikuk  to  him.    In  the  text, 
however,  Ul  »    hv    ^in  iil  ^    i>f   all   these   localitU-s    in    iMcciwIy   thr    wimc    mannir,    i.  e., 

"Encrinital  fcraup  of  UurlinKton" ;  "The  muraJ  tucariimi-nt  Mi>w  the  tiiwn  iif  Hannibal"  ia 
compoaed  of  Iheic  bcda.  etc. :  "The  cherty  limmton«B  .  .  .  below  the  Keokuk  landiag.** 
If  one  of  Uwte  aanud  be  crcdltad  to  Owen.  aU  niMt.  Hall,  on  the  other  hand.  deOnea  the 
tcmw  explicitly  and  employs  tfcetn  deAnitely  aa  Rwloiric  namea.  He  ahanM  receive  the  credit 
for  thi-rn 

EnKi'Imann  .><ays  tk>c.  at.)  "Itcmarku  nn  thr  .St.  Uiuis  Lime-itonr :  by  V,.  Knui  lmann. 
M.  O.  •  .  .  The  St.  I.<i)ui!<  limcstoni-  underlies  the  western  edite  of  the  ukiiI  IlUnni"  coal 
iMd.  .  .  .  The  St.  Louis  limestone  fonna  the  uppermost  bed  of  the  carboniferous  or 
mountain  llmeatoM  on  tha  MiMlnlppI  .  .  .  oor  91.  Uals  limcstaae  is  Ita  (Oarboniteroua 
linuMlwael  apper  part,"  etc. 
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the  Subourboniferous  limestones  of  Iowa  (1852,  92).*  In  1857  Hall  pub- 
lished u  paper  (1857,  187-203),  afterward  republished  with  additional  nutp 
terial  in  the  first  report  of  the  Iowa  Survey  (1858),  in  which  he  gives  the 
followintr  sobdiviskms  of  the  Subcarboniferous  or  "Carboniferons  lime- 
stone":— 

VII.  Coal  Measures. 

VI.   Kaskaskia  limestone  or  upper  Archimp<lcs  linicstoru'. 
V.  Gray,  brown,  or  ferruginous  sandstone,  overlying  the  limestone  of 

Alton  and  St.  Louis. 
IV.  "St.  Louis  limestone"  or  "Concretionary  limestone." 
III.  "Arenaceous  bed",  Warsaw  or  second  Archimedes  limestone.  "Mag- 

nesian  limestone,"  Spergen  Hill,  Bloomington,  Iowa. 
II.  Keolmlc  limestone,  or  lower  Archimedes  Umestooe.    Beds  of  paa- 

saf^e,  cherty  be<Is  60  to  100  fooL 
I.  Burlington  limestone. 


*OiMi'i  awtiiai  ia  m  follmnc 


BitamiaouB  ahaka 

Bad  nf  anal  fl  to  IS  iMfaaB  tUek 

Qwy  niThiianM  ahaha 

CX>AL  MEASL'ItES 

OmI  

Owfo..-.  

t  pp*T  r*tn- 
i-rf(  Kiniiry 
limmtono 

White,  hrittle,  elawi«tlutadlineitaMaMwlljrin«SBbrlylMdMaMleaii- 

cr«''l»oniiry. 

GriUtoncH 

Brown  and  whiu>  «;rili«taiK«  rantaininK  lonilly  rvnuuM  <A  lepidodcndfOHi 
cabunitn)  nod  other  rarlMmifnrouii  pUntii. 

•r, 

U. 
2* 

oratiMMry 

Lomr.aMnpMt,  white  limwtoae,  uauaUy  eooeratioaary;  iKim«tim««  maciie- 
aiM  with  earthy  mBtter  and  marlitn  in  the  iatrmticm:  roataiBinic  two  or 

niorcnp«"ip«of  lM)w'r.U\4,n  'Slulina  irf  I.i-worl;  includinis  the  mort> evenly 
bwldetl  liiiii'^limc^  <i(  S(    I.diii-,  i-<nit.iiiiinR  Mrlonilt*  multipnra.  wvrnil 
species  of  froitutut,  Sptriftr  (bttulcalu*  ')  and  roticulalMl  conJit  u(  the 
wwm  gefaydw  awl  ftrnMUm. 

a. 
a. 

c 

CtritHtonm 

SuiuLitonm  Nnmelimra  with  j>iiial!  |>fhtili»<  i'ihImvI<|i>iI 

b< 

MlNHNBUli 

ArailliKviotu,  rhorty,  and  marly  purtinss,    l/ucally  hjidrauhc  limeBloac, 
Cellular  mnxamiaa  buildiiuc  »toa«s  loeally  with  vwmiauiar  laiBtSMliaH 
and  KrwB  pnrlirim  dianeiniiiatnl.  CScatainiaK  retieuhtad  eonua  aid 

Trrrttralula  Riiitui. 

a< 

OaocKfefowi 

Impure  limea 

UHMi  ooaUiniag  oavitiea  filled  with  apan  aad  ceodea. 

f 

AfBhiiBBiliw 

Thin-bedded  liaNatanaa  with  marly  paninic'i.  raatainiag  archininto:  «Imi 
liniwn  calcwPMaa bade  with  celbliactl  with  npara and Inpure  hnnKiiKH-;* 
chatted  witli  BUMla  SrmMa,  tamther  with  light  my  ItaieitUMie.  ooa- 
taimi  fWtMtali  iBatMit,  OrlMi  ■aitraeal'aM,  •!«. 

e 

SbtOtodB 

Gmy  cryataOiM  Kmaatonta.  cwitaiait  Sfwihr  allrMa*,  a.  owinMm, 
S.  faftiarfafaa,  iVatfaelat  paaelatet,  P.  acaii<iMnlalM,  etc. 

\ 

d 

K<"okiik  ctiiTty 

lillU««MH< 

Chatty  HmM 

UMMaof  Kaokak. 

% 

e 

hrnwn  <fi'  ri 
of  llittilillml 

Brown  aMriaital  limaatoM  altaMtioK  wttli  b«ada  of  ehart.  aa  Mar  Huri- 
bal. 

\At) 

's 

b 

EaeriaiUl 
noapef 
Burugloa 

Whit<<eryHUllinp  iukI  m«tnio'Jilic  liii««.lnWB  rantnininc  Pntiarlaa  Harm  and 

Sirrif.r  ■  !j-!,"liifa.y     Itrimn  and  flp-(M-<il<>ri'i|  i-m  riniiiil  liiiK^toBnt  roB- 

f;iimri^    M.-^i'ial    -pti-h^    l>f    /'ftiirtmiU.r,    /V-rf  v  -^i^'o,    .  1 '  ^  ^' m  r  iniiji  and 

l'it!i  ruTriHt»    lirown  Kirtliy  crinoulid  litiK^umim  MiUicryatuUincBpwIu. 
Baad  of  ealMar,  ball,  m— aaiinn  litnmtoae. 
Ootilic  limcNtoM  coataiainK  Otroerrtt  burlitiflonrntiw. 

I>irl<  tinxy  !iredlno<>oij«  liini-wt'WM'^  il<irallv  hy<lnuihe  ') 

3 

m 

Arjtilhv 

ntHi|>. 
EvwMFUb 

KutT.  limimtJlml  ailicMMlK  rock.  ouatainiBS  cants  of  CluUKtf,  I'ottinimmpa, 

AUnrivum,  SptrifiT,  PVttifmm.  Aah-aohirad  aarthy  mariitca.  Htoiia, 
Koeka  hiddaa  by  talM  aad  aUavfaim  of  tha  lltiiitrippi  Rivar. 
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Next  below  the  Burlington  Umefttone  (No.  I)  he  reported:  "OftUtie  lime- 
stone and  ai'trillaceous  sarnl>tono  of  tho  -li^v  of  the  Chemunff  frroup  of  New 
York",  and  outcropping  at  Uurlingtoii,  luwa;  Evans  Falb  and  Hannibal, 
Misaoari.  This  mistaken  lithologic  correlation  of  these  lower  Burlington 
rocks  with  Chemung,  though  never  accepted  by  Worthon  and  other  Missis- 
iiippi  valley  geologists,  plagued  western  geolog>-  for  many  years.  It  caused 
Hall  to  restrict  the  name  "sttbcarboniferous"  to  the  so-called  Chemnng  rocks, 
b^loir  the  "Carboniferous  limestone".  To  him  the  Chemung  was,  of  course, 
Devonian.   This  subject  will  be  discussed  further  under  the  Burlington. 

This  scheme  of  formation  is  repeated  in  abbreviated  form  in  the  third 
volume  of  the  Paleontology  of  New  York  (1859,  58)  and  the  "great  Car- 
boniferous lime.«toncs  of  the  Missis>ipi)i  willcy"  are  oorielated  with  the  "Red 
shales,  conglomerate  and  Catskili  .Mountain  group"  of  New  York  and  Pennsyl- 
vania. Below  the  Burlinprton  he  reeognised  the  "Chemung  and  Portsige 
groups"  and  the  "Hamilton". 

Sidney  Lyon's  classification,  published  the  succeeding  year  (186U,  614), 
follows  the  earlier  practice  of  Owen  in  placing  everything  bdow  the  Coal 
Measures  in  the  "Sub-Carhonifrrn\'s  Scries".  He  subdivides  the  series  as 
follows  (modern  equivalent.^  in  brackets) : — 


Snb-Carboniferous  Series 


CavfTiioiis  [,itiic?if one  |.MitclielI| 
Midillc  Linicsloiif    |Harrod.sbuig,  SaleiiiJ 
Siiiid>ii<iti('s  .'iiiii  siiitles  fKnobetone) 

Hhick  Slialc    'X.-w  All.iiny! 
Eneriiiital  Linicstuite  jBeechwoudJ 
Hydrsulie  limestone  [Silver  Creekl 

Spirifer  lu'd  ] 
Niiclcucrinus  bed 


n . 
« . 
/'■ 
!  <?• 
r . 

». 

t . 
u. 

9 .  Turbo  bed 

'  ir.    f'lira)  licds 
^J.  Catoniimra  l>ed!i    [Louisville J 


(Jclfersonvillol 


The  balance  of  the  Mississippian  (Chester)  was  placed  in  his  "Millstone 

Grit  Series"  as  below: 


a. 

Sec  I{<  |)  ( irol.  Surv.  of  KentAicky  (Coal] 

h. 

5th  .Sandslonc  (Mjmsfield) 

c . 

4th  LimoKtnne 

d. 

Hi'ds  of  Ciilorcd  Cliiys 

e . 

4th  Saiidiilonc 

/. 

3rd  Limestone 

& 
h. 

Aliimiiioiif*  Shale 
3d  f>uiidstoric 

(Cbesteri 

i. 

2d  Limestone 

k. 

■2d  S;it)d.--f  one 

I. 

IhI  Limestone 

m. 

1st  Sandstone 

Worthen's  Reports  of  the  Illinois  Geological  Survey  began  to  appear  in 

1866  (volume  T)  and  thereafter  in  ISfifi  (II),  1868  (III),  1870  (IV),  1873 
(V),  1876  (VI),  1883  (VII),  1890  (VIH).  He  was  assisted  at  various  times 
Iqr  F.  B.  Medc,  J.  S.  Newberry,  Leo  Lesquereux,  James  Shaw,  G.  C.  Broad- 
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head,  E.  T.  Cok,  Orwtes  St.  John,  Charles  Wadumratii,  W.  H.  Barris,  8.  A. 

Miller,  H.  Engelmann,  H.  C.  Freeman,  F.  H.  Brrulley,  H.  A.  Grron,  Frank 
Springer,  E.  O.  Ulrich  and  Oliver  £verett, — a  distinguished  group.  This 
mcim  of  Toltunes  eomtitatefl  a  grand  contribution  to  oar  knowledge  of  the 
Miasissippian  formations,  and  especially  of  their  faunas. 

Worthen  (1866,  40)  adopted  the  Hall  daiwification  somewhat  modified; 
recognizing  tin  Kinderhook  of  Meek  and  Worthen  below  the  Burlington, 
rather  than  Hall'a  "Chemung"  and  combining  the  Warsaw  with  the  St. 
T.ouis  (p.  43)  because  of  the  intimate  i-elationships  of  the  Warsaw  and  St. 
Louis  fossils.  In  the  3d  report  (1868)  the  term  "Ix>wer  Carboniferous"  was 
sobatitated  for  **8nbearboinif«mM''  and  appears  in  all  later  reports.  Chester 
is  used  in  all  these  reports  instead  of  Hall's  Ka.skaskia  and  is  made  to  in- 
clude the  Ferruginous  sandstone.  The  "geode"  and  "cherty"  beds  are  united 
to  tiia  Keokuk.' 

'  Enprlemann  (1868,  188-190)  retains  Warsaw  and  uses  Feri-URinou.»;  sand- 
stone but  sajrs  farther  south  the  "Kaskaskia  or  Chester  liirestone"  comes  in 
between  Hie  Pormginona  sandstone  and  tiie  Coal  meaanrea.  SafTord  (1869) 
has  "Siliceous  group"  and  "Mountain  limestone."  C.  A.  White  (1870)  adopts 
Worthen's  scheme  of  names,  omitting  Chester  and  does  not  recognize  Hall's 
"Chemung".  A.  Winchell,  in  1871,  published  an  elaborate  and  exhaustive 
review  of  the  literature  of  the  Subcarbonifcrous,  proposing  to  call  it  the 
"Mississippi  group";  and  completely  set  a.sidc  Hall's  correlation  of  the  lower 
Burlington  rocks  with  the  Chemung.  He  proposed  also  to  call  the  lower 
member  of  tlie  snbeailionifaRnia  the  Ifandudl  gnmfi,  tnm  the  town  of 
Marshall  in  southern  Michigan.  His  Marshall  is,  therefore,  a  synonym  of 
Kinderhook.  (Winchell  1871,  1871a).  This  classification  is  adopted  by  N.  H. 
Winchdl  in  tt»  first  report  of  the  Minnesota  Survey  (187S). 

A  Report  of  the  Geological  Survey  of  Missouri  was  al.so  published  in 
1878  by  Raphael  Pumpelley.  Opposite  page  292  is  the  following  section  by 
B.  F.  Shumard,  who  reported  cn  St.  G«n«vi«fv<e  Connty  (1873,  892-898): — 


andShale  J 

This  is  the  oriRin  of  the  terms  1st,  2d  and  Archimedes  limestone,  the 
3d  (h'")  being  the  second,  or  Warsaw,  of  Hall.  The  second  Archimedes 
limestone  la  called  St.  Genevieve,  a  name  first  used  by  Shumard  in  1867. 
Chouteau,  used  here  for  part  of  the  "CJhemung"  of  Hall  was  proposed  by 
Swallow  in  1855  in  the  1st  and  2d  Missouri  Reports  (pp.  101,  176,  194).  It 
mnfmn  to  be  aaoOiar  synonym  of  Klndsiliosk. 
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No  orifnnal  contribution  to  the  general  terminology  of  the  Miaiinippian 

is  containcfl  in  tbo  Indiana  Reports  from  the  days  of  David  Dale  Owen  down 
to  the  present.  In  all  the  earlier  reports  down  to  1897,  the  terminology  as 
worked  out  by  the  (reolofnsts  of  Illinois,  Iowa  and  Missouri  was  adopted  in 
whole  or  in  part,  the  lower  division  (with  the  exception  of  the  thin  Rock- 
ford  limestone)  being  known  as  the  Knobstone  formation,  and  usually  eor^ 
related  with  the  Kinderhook,  or  occasionally  more  correctly  with  the  Bur- 
Kngton  and  Keokuk.  In  1897  and  190S  a  new  and  not  altogether  happy  set 
of  names  was  proposed  for  the  Waisaw-to-C'hester  formations,  two  of  the 
proposals  being,  unfortunately,  already  preoccupied  by  well-known  names  of 
ions  atandlng;  The  details  of  this  purt  of  the  discussion  will  appear  undtr 
the  heads  of  the  several  Indiana  formal  inns.  A  recrudescence  of  the  ancient 
name  Subcarboniferous  appears  as  l^te  as  lUlti  in  VanGorder's  report  of 
Greene  County.  The  name  Salem  waa  proposed  by  Cumings  (1901a,  232-283) 
for  the  formation  in  Indiana  variously  known  as  Warsaw,  Bedford,  Indiana 
oolite,  Spergen  hill  bed,  etc 

It  remains  to  speak  of  the  series  names  used  in  the  present  revision. 

In  1891  H.  S.  Williams  exhaustively  reviewed  the  literature  of  the 
Devonian  and  Carboniferous  (1891,  1-279)  and  proposed  the  following  group- 
ing of  the  Mississippian  formations: — 


head  (1874) 

The  term  Oao^e  from  the  Osage  river  In  Missouri,  used  here  as  a  smes 


name,  was  first  proposed  by  liranner  (1888,  XII)  and  revived  in  the  ptesent 
.sense  by  Williams.  Williams  regards  the  Mississippian  as  a  series  under  the 
CarbonifeTou  qrstem. 

In  1892  C.  R.  Keyes  (1892,  28:^-H00)  reviewed  the  "principal  Misda- 
sippian  sections"  and  grouped  the  formations  as  follows: 

(Chester  shales 
Knsknskia  Litnemtone 
Aux  \';i<cs  s;iiid.-<f one 


MissiasippiaD  Series 


Chouteau  group 


Chouteau  and  the  ''Vermicular" 
and  "Lithogri^hic"  of  Broad- 


St.  Louis  group 


at.  Genevieve  limestone 

St.  Louis  limestone 

Warsaw  limestone  (in  part,  not 


Misstssippian  Series 


fypieal 

fWarsaw  shales  and  limestones 


(tyi)ical) 


Osage  group 


( lco<lc  ll(  <l 

Keokuk  limestone 


jUpper  HnrlinKtnn  limestone 
•l^wer  Burlington  limestone 

fChouteau  limestone 
'!  Hannibal  shales  ^ 
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Comnu'iitiiitr  on  these  classifirations  in  18!)8,  f>r.  Wellci,  who  has  since 
become  the  leading  authority  on  the  Mississippian,  says  (18U8,  305)  Keyes' 
elBsnfleation  "is  a  strati  grraphie  classification  which  is  nothingr  more  than  a 
further  claboiation  of  Hall's  earlier  one,  uniting  <omo  of  his  divisions  and 
dividing  others".  He  defends  Williams'  subdivision  into  three  fpronps,  as 
abovo. 

•  In  1904  Dr.  Ulrich  published  a  chapter  (19ii;.  itu-US)  on  the  correla- 
tion of  the  frcolopric  formations  of  the  Icarl  and  zinc  region  of  Northern 
Arkansas.  In  his  correlation  chart  he  groups  the  Mississippian  rocks  as 
follows: 

(ir  ■    1.-  /Birdsville 

Chester      Cypress  l^"**"™' 
[st.  QenevJeve 

I  St .  Iaws 
Menuncc    ,  Sfwrgcn  [Sulcin] 
t  Warsaw 

iKeokak 
iBurlingtun 

Kinderhook 

The  subdivisions  of  the  Chester  and  Merajnec  will  be  discussed  below. 
The  name  Memmec  is  here  proposed  by  Ulrich  for  the  Warsaw-to-St.  Louis 
divisions.  This  dassifleation  is  repeated  and  discussed  in  some  detail  hy 
Ulrich  in  a  later  paper  (1905,  ITi-TO). 

In  1S>06  there  appeared  volumes  II  and  III  of  Chamberlin  and  Salisbury's 
ffreat  treatiae  on  geology.  Vohime  11  deals  with  the  pn-Uaaoioie  systems, 
and  on  page  498  the  authors  state  that  "There  seem  to  be  sufflctcnt  leascma 
.  .  .  for  regarding  the  Mississippian  or  Early  Carboniferous  as  a  system 
coordinate  with  the  Silurian,  Devonian,  etc.,  and  this  classification  is  here 
adopted."  This  practice  has  since  been  generally  adopted  in  America.  On 
page  500  they  subdivide  the  Mississippian  as  follows: 

4.  Kaskaskia  or  Chester. 
8.  St.  Louis. 

2.  Osaga  or  Augusta  (including  the  Burlington,  Keokuk  and  Warsaw). 
1.  Kinderhook  or  Chouteau.. 

Weller  (1908,  90)  in  1908  discu.sses  the  .Salem,  Warsaw  and  St.  Louis 
divisions  in  Illinois,,  and  objects  to  Ulrich's  Merumec  division  which  he 
regards  as  unnecessary  and  especially  to  the  inclusion  of  the  Warsaw  in  the 
Meramec.  The  Warsaw,  he  maintains,  "should  from  both  physical  and  fauna! 
reasons  be  more  properly  joined  with  the  subjacent  Keokuk  formation,  and 
there  is  no  nuwe  reason  for  assoeii^ng  the  Salem  and  St.  Louis  in  one  larger 
division,  than  in  bringing  the  St  Louis  and  the  superjacent  St.  Genevieve 
formations  together." 

Schuchert  (1910,  T)Al-hhrt)  discusses  the  paleogeography  of  the'Missis- 
iiippian  and  divides  it  into  two  diastrophic  periods,  the  Mississippic  (emended) 
including  the  Kinderhook  and  Osage  divisions,  and  the  Tennesseic  including 
the  Meramec  and  Chester.  In  the  Meramec  he  places  the  Spergen  [Salem] 
or  upper  beds  of  Hall's  Warsaw  Section,  and  the  St.  Louis.  He  transfers  the 
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St.  Genevieve  to  the  Chester  division,  and  uses  for  the  Chester 

proper,  adopting  Uirich's  1905  subdivisions. 

Ulridi  (1911,  682  and  pi.  29)  also  splUs  the  MississiikpiM  into  two  sya- 
trms  which  he  drsipnates  "Waverlyan"  and  "Tcnnessean".  In  the  former 
he  places  the  Chattanoogan,  Kinderhookian  and  Osagian,  and  in  the  latter 
the  MMramedan  and  Chesterian.  The  Chattanoogan  is  a  new  group  in  which 
he  places  the  Cleveland,  Bedford,  Berea»  and  Sunbury  of  Ohio,  Chattanooga 
shale,  upper  New  Albany  shale,  Bradford  of  PennQrlvania,  etc.  The  Burling- 
ton and  Keokuk  fall  in  the  Osage,  and  the  Warsaw,  Spergen  [Salem],  St. 
Louis  and  Moorefield  shale  of  Arkansas  in  the  Meramec.  The  St.  Genevieve 
is  placed  in  the  Chesterian.  Uirich's  reason  for  placing  the  Warsaw  in  the 
Meramec  seems  to  be  on  account  of  "diastrophism  and  the  introduction  of 
new  types."  (p.  617). 

The  rather  revolutionary  proceflure  of  dividingr  the  Mississipptan  into 
two  systems  has  met  with  very  little  favor. 

Wdler  in  1914  publiahed  a  beautiftal  monograph  of  the  Mississippian 
Brachiopoda.  the  result  of  many  years  of  painstaking  work.    This  constitutes 
another  of  the  great  landmarks  in  Mississippian  studies.   In  his  introductory 
diapt«r  on  the  stratigraphy,  he  arranges  the  Mississippian  fmnations  as 
foUowa; 

fClone  formation 
^  I  Piil("i(  iiic  fnrtnation 

I  Meriurd  furniution 
I  Okaw  formation 
V.  Cheater  group  <|  Ruma  form;iti<)ii 

I  Faint  Creek  furniution 
I  Yaakeetown  formation 
i  Renault  formation 
^Brewervillc  formation 


rV.  Rt.  Oenevicve  Limcetone 
ill.  .Meruuier  gruiip 


/St. 
\8ah 


II.  (Xsage  group 


Louis 
&ilem 

Warsaw 
Keokuk 
Bartington 

I.  KinderilOOk  CotitainitiK  iiuiny  formal  intis  more  oi 

less  luL-ul  in  thoir  geographical  dis- 
tribution 

Of  the  Meramee  group  he  says  (1914, 1, 19)  "In  the  older  reports  of  the 

Illinois  Survey  by  W'ortht'ii,  this  series  of  limestones  was  commonly  called 
the  St.  Louis  group,  but  this  name,  although  proposed  many  years  before  the 
one  here  used,  is  inadvisable  because  the  use  of  the  same  name  for  a  sab* 
ordinate  formation  and  for  the  }?roup  leads  to  much  confusion  and  therefora 
is  not  good  practice."  He  excludes  the  Warsaw  from  the  Meramec  and  places 
it  in  the  Osage  group  on  the  grounds  that  its  relationships  with  the  latter 
are  closer  and  that  there  is  a  "line  of  uneonfonni^  between  the  Warsaw 
and  the  Salem. 

In  Butts'  report  on  Jelferson  County,  Kentucky,  (1915)  the  Warsaw  (Har- 
roddnuv)  ia  plaeed  in  the  Meramee  division  (Chart  of.  p.  81). 
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Ulrich  returne<l  to  the  (liscussion  of  the  Mis«issippian  in  1918,  contrib- 
uting a  section  on  the  correlation  of  the  Chester  formations  to  the  Keport 
by  Bntts  m  the  Mississippisii  formations  of  wiestern  Kentueky  (1918,  pt  2, 

1-272,  pis.  1-11).  In  this  paper  and  in  Rutts'  scrlion  of  the  snmo  volume, 
the  Mississippian  is  divided  into  the  Kinderhook,  Osage,  Meramec  and  Chester, 
the  Warsaw  befngr  pleeed  in  the  Meramec,  and  the  St.  Genevieve  in  the  Chester. 
Neither  author  drives  his  reasons  for  this  disposition  of  the  Warsaw.  Butta, 
however,  (pp.  35-36)  recognises  an  unconformity  (disconformity)  at  the  base 
of  the  St.  Loais  between  it  and  the  Warsaw,  the  Salem  being  absent  in  parts 
of  the  area. 

The  latest  contribution  to  this  discussion  is  by  Wellcr  (1!)20,  282,  -lOR-llf. 
and  1920a,  91-244)  who  suggests  (1920)  dividins  the  Mississippian  into  a 
lower  and  an  upper  division,  calling  the  lower  the  "Iowa  series,"  (p.  282)  and 
the  upper  the  "Chester  aeries."  This  grouping  might  therefore  be  presented 
as  follows: 


He  objects  strongly  to  Schuchert  and  Ulrich's  two-system  arrangement 
stating  (p.  41.5)  that  "In  his  'Revision  of  the  Paleozoic  Systems'  Ulrich  has 
split  the  Mississippian  into  two  so-called  .systems,  the  Waverlyn  below  and 
the  Tennessean  above,  the  line  of  cleavage  between  the  two  being  placed  be- 
tween the  Warsaw  and  Keoknle  formations.  From  the  evidence  afforded  by 
the  Mississippi  Valley  ,'iection  of  the  Mississippian  which  is  the  type  section 
of  these  strata,  there  is  less  reason  for  placing  a  major  dividing  line  at  this 
horiaon  than  at  almost  any  other  position  in  the  entire  succession  of  forma- 
tions, and  there  is  no  basis  whatsoever  for  the  rocofrnition  of  the  so-called 
Waverlyn  and  Tennesseean  as  systems."  He  also  says  that  Ulrich  "has  made 
a  grave  error  in  indvding  the  Ste.  Genevieve  limestone  in  the  Chesterian."  A 
far  greater  faunal  break  oecurs  between  the  St  G«ievieve  and  the  Chester 
than  below  the  St.  Genevieve. 

Objection  may  be  made  to  the  use  of  the  name  Iowa  Series  for  the  lower 
Mississippian  series  on  the  ground  that  lotvun  has  long  (since  189.5)  been  used 
for  one  of  the  glacial  stapes;  and,  although  tbeie  is  some  doubt  about  the 
reality  of  the  "lowan  glacial  stage",  it  would  appear  to  the  writer  unwise  to 
confuse  geological  terminology  by  employing  the  name  in  this  new  sense. 

In  the  Geolopy  of  Hardin  County.  Illinois,  (1920a,  06-97)  Butts  and  Weller 
place  the  Warsaw  in  the  Meramec  division,  in  which  they  also  include  the  St. 
(Senevieve.  Weller  does  not  explain  this  indusion  of  the  Warsaw  in  the 
Meramec  division  in  opposition  to  the  contentions  of  his  1914  paper,  and  to 
his  recognition  (1920,  410)  of  the  disconformable  relations  of  the  Warsaw 
and  Salem, — a  relation  seen  also  in  Indiana. 

The  elassiftcation  adopted  in  the  present  report  follows  the  usual  fourfold 


Chester  series:  A  large  group  of  formations 


Mississippian 
System 


fSt.  Genevieve 

jSt.  I.diiis 
1  Sulcin 


Kciikiik 
!  Burlington 
f  Kinderhoolc 
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grouping  into  Kinderhook,  Osage,  Mtramvc  and  Clicnter,  placing  the  Warsaw 
in  the  Osage  and  the  St.  Genevieve  in  the  Meranee. 

The  principal  sources  of  detailed  information  on  the  Mississippian  forma- 
tions of  Indiana  are:  Hopkins  and  Siebenthal  1897;  Hopkins  1896;  Kindle 
1896,  1899;  Ashley  1903;  Newsom  1908;  Cnmings,  Beede,  tit.,  1906;  F.  C. 
Greene  1911;  Beede  1915;  Malott  lOl'J.  For  ^jfeneral  reviews  of  Mississim^ian 
literature  see  A  Winchell  1871,  1871a  and  H.  S.  Williams  1891. 

KiNDEKUOOKiAN.  Rockford. — (Goniatite  limestone,  Kockford  Goniatite 
limestone,  Chouteau).  This  formation,  thoogfa  thin  and  local  in  its  distribu- 
tion, was  recopnizpd  very  early  because  of  its  unusunl  fauna  of  well-preserved 
Goniatites;  and  came  to  be  known  locally  at  the  "Goniatite  limestone  of  Rock- 
foTd."  The  name  Roekford  was  presendy  adopted  into  geologic  nomenclature, 
Owen  and  Norwood  (1847,  12  pp.)  apparently  beinp  the  first  to  publish  it.* 

Hall  (1851,  ;'>ui))  placed  the  formation  in  the  Marcellus  division.  Christy 
in  1851  wrote  a  paper  on  the  "Goniatite  limestone  of  Roekford  Indiana"  in 
which  he  mistakenly  located  the  limestone  centrally  in  the  Black  Shale,  a 
mistake  which  for  a  time  created  considerable  confusion  of  correlation.  Sid- 
ney Lyon  in  1860  correlated  the  rock  on  palcontological  evidence  with  the 
Subcarboniferous;  and  Meek  and  Worthen  (1860,  447)  regarded  it  as  "prob- 
ably of  upper  Devonian  ape  but  containing:  Carboniferous  Goniatites."  Meek 
and  Worthen  the  next  year  (1861,  167)  in  a  paper  on  the  "Goniatite  limestone 
of  Roekford"  eorrdated  it  with  the  Chouteau  of  Missouri,  and  riunwed  that 
it  is  not  central  in  the  Black  Shale  but  nhnre  it.  Hall  (1860,  9.'j)  mi.«led  by 
Christy's  error,  correlated  the  Roekford  with  a  band  of  limestone  in  the 
Maredtus  shale  of  New  York.  White  and  WhitAeld  (1862,  289-806)  however, 
objected  to  correlating  it  with  the  Carboniferous  and  referre<i  the  Burlinjrton 
and  associated  beds  to  the  Chemung,  largely  on  the  authority  of  HalL  In 
1868  Wlnehdi  (186.3.  61-62)  correlated  the  Goniatite  IfanestOM  with  the 
Chemung=Marshall=Waverly"BurIinp:ton=  (Kinderhook)  and  Cbwitieau.  In 
1866  Worthen  (1866,  109-110)  placed  it  in  the  Kinderhook  division  correlating 
it  about  with  the  Chouteau.  Winchell  later  (1871)  correlates  it  with  the  Mar- 
shall group  of  Michigan. 

The  formation  is  frefiuently  mentioned  in  the  Indiana  Keports,  but  little 
further  is  given  on  the  correlation  until  Kindle's  important  paper  in  1899. 
He  here  reviews  tiie  literature  and  concludes  that  the  Roekford  should  be  re- 
garded "as  the  sole  representative  of  the  Kinderhook  in  Indiana"  (1899.  99). 
He  says  further  "The  Roekford  evidently  disappears  by  thinning  toward  the 
south  and  is  represented  in  the  Kentucky  sections  by  the  greenish-blue  argil- 
laceous New  Providence  shale,  .  .  .  We  have  therefore  conclusivt  evidence 
that  the  Roekford  fauna  and  the  New  Providence  fauna  were  contemporaneous 
and  existed  side-by-side  over  a  portion  of  this  area  at  the  end  of  tiie  Black 
Shale  epoch."  He  does  not  agree  with  Meek  and  Worthen's  correlation  of  the 
Roekford  with  the  Chouteau  but  thinks  it  more  nearly  of  the  age  of  the 
Louisiana  limestone  of  Missouri.  He  denominates  it  the  **Muen»teroeenis  ou-eni 
bed".  Newsom  (1908,  256-260)  gives  a  list  of  fossils  and  agrees  with  Kindle's 

•  Wi'.l-.^    ni"'J»  ri-pdits  "Itockfonl"  to  Webster,  whi>  thi-  imm.^    ■  (J. ..  K  f..i  .1  shali-k"  for 

K  Dt'Vonltin  fiirtiiiit ion  in  Iow«  in  1889,  Pnif.  rhivcnport  Ai-Hili'my  of  .Sciinci'.  Vol.  V.  pp.  )00- 
Ut'J  :  Hiiil  litK  lvfonl  (Miniutito  limestone"  to  Hopkin*  Hmi  .'>ifbcnthnl  1897.  2\»t  Annuul  Urport 
of  the  Iniliana  Dcintrtmcnt  of  Geotofry  and  Natural  Kenurcea.  p.  296.  Tbe  name  Roekford 
had  bv«n  In  eommon  use  aa  n  fonmtfcm  BUM  in  Mfauw  pvUietttlou  and  danrhvi*  Inmt 
before  either  of  Uhm  Mm. 
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correlation.  Hopkins  (1904,  44)  corrolatrs  it  with  thr  Chouteau.  Rchv.chort 
(1910,  548)  correlates  the  Rockford  about  with  the  Fern  Glen  (Upper  Kinder- 
hookian),  while  Ulridi  (1911,  pi.  29)  correlates  it  with  the  Glen  Park-Han- 
nibal, or  somewhat  lower  than  Sdradiert  places  it.  Wdler  (1914)  placee  it 
in  the  Kinderhook. 

The  Rockfoid  formation  is  a  ferruginoua  limestone  of  brownish  or  green- 
iah  gray  color,  usually  from  one  to  three  feet  thick.  It  is  typically  exposed 
in  the  bed  of  White  River  at  Rockford,  Jack.'ion  County,  but  may  be  seen 
whenever  the  contact  of  the  Knobstone  and  New  Albany  formations  comes 
to  view,  between  Rodcford  and  the  Ohio  river.  It  does  not  extend  into 
KentttclQr. 

Ita  tmaam  ia  iBtereatinib  contabiinK  the  GonUtttca  Ptvirttmitet  praeuiatitnu,  Proletamttm 
gneiii,  P.  inumi,  AammUkt  ratoloriw,  Mmrmtmetnt  mwn{  end  M.  paniMmm.  Wdler  (in4) 
Ifato  fhe  BradrioiwaB:  AradkyttuHg  aemipltemtm  (Hall)  and  Atuhoeoelia  mkmemtb  Wdler. 
From  Kiadle'n  IM  (1898,  408-4SS)   tli»  rollAWinir  »n  added:     Amplrriu  f?)  roekfordenab 

MMfer  &  Gurlcy.  Siiyihnthorr'nit^  oriiNi  )!all,  >'/i  ji  ri;n;rf<7/ii  iiu«*i>ui  irM»(<  (Shumardi,  Shumarililla 
ohnolrn.''  (HaJli.  Aiialinn  I,  Ha  Hnll,  f  irrfi//y/»i«  iiuiiala  Meek  and  Wdrthcii.  C  mn  leaidia  tin- 
/iv-i..,i  IIhU.  W<  i/o>"'io>iru  fi/o«i.  Hrlliroiihun  f\irtolitr»  Httll,  B.  limulatuit  IIrII,  Miirrhixtmia 
il'Uuri)tHn\ar\a)  limitarit  Hall,  Platyrrraa  kalioloidct  it.  &  W.,  I'lrurolomaria  mitipata  Hall, 
f.  radiMo  Hall,  SlrapurMus  Unt  Hall.  S.  tpirorhia  Hall,  HyolUhe*  acttieatiu  Hall,  Gvrorrm* 
ttveOe  Hall.  Sol«no«k«ihu  nekfordtuU  (M.  *  W.>.  OwmfercrM  rockforikwri*  (M.  *  W.). 
Stnb0ttna  tnmOMtm  (M.  Jk  W.).  Ortkocfrm  M«if9t>htHtm  WindteN.  O.  Mmmnue  Hall.  O. 
imm*  Han,  O.  marerUmtiri  Vanuxem  I  71.  O.  Wkitii  Winchcll,  Trfmatorrrag  duiemiUi» 
(Vnadldl).  Tribloerrat  diaonmnt  (M.  &  W.t.  Prortus  dorit  Hall.  Pkilliimia  rorkfordnuia 
WfaMlnll. 

OSAGIAN.  —  Kyiobfitonr  or  Bordfu. —  (Asape,  Kinderhook.  Waverly, 
Chemung,  Calcareo-siliceous  (in  part),  Marshall,  Keokuk  sandstones,  Chou- 
teau, ete.)  The  name  "KnolMtone''  or  *'Kneb  sandstone"  was  applied  to  this 
mas.'?  of  rock.s  by  D.  I).  Owen  (18.'>7,  3.^>1 ;  18.')9,  21).  from  its  outcrops  in 
the  conical  hills  or  "Knobs"  of  Kentucky.  It  presents  a  eurions  example  of 
the  pernstenee  of  a  non-geogrraphie  term— one  of  very  few  that  have  survived 
the  nomenclatorial  vicissitudes  of  the  past  half  cmtury.  It  would  perhaps 
seem  unnecessarily  ruthless  to  uproot  this  sturdy  survivor  of  an  ancioit  race; 
hut  if  a  local  name  ia  to  he  continued  for  this  interestintr  series  of  rocks, 
which  bid.s  fair  to  be  ultimately  minutely  subdivided  into  named  formations, 
the  selection  of  a  fsreoprraphic  term  should  not  longer  be  postponed.  This 
series  does  indeed  demand  a  distinctive  name,  since  it  is  not  exactly  cotermi- 
nous with  either  the  Osagre  or  the  Waverly;  and  unless  an  appropriate  geo- 
frraphic  dc'^iffnation  is  employed,  peoloRifit.s  will  persist  in  oa]!irl^••  it  Knob- 
stone.  I,  therefore,  propose  to  call  the  series  of  formations,  comprised  between 
the  top  of  the  Roekford,  where  present,  or  top  of  the  New  Albany  where  the 
Rockford  is  absent;  :ind  the  base  of  the  Harrod-^burif  or  War.saw  limestones 
and  shales,  the  Borden  series.  The  name  is  taken  from  the  town  of  Borden, 
in  Clark  County,  and  from  the  name  of  W.  W.  Borden,  geologist,  teacher  and 
philanthropist,  after  whom  the  old  town  of  New  Providence  was  renamed. 

Owen  at  first  (1837)  included  this  mass  in  his  "Calcareo-siliceous"  or 
"enerinital"  group  which  also  took  in  the  Harrodsburg  of  the  present  classi- 
ileatlon.  In  the  1859  reprint  and  the  early  Kentucky  reports  (1857,  etc.)  he 
recognized  the  distinctness  of  the  "Knob.stone"  from  the  overlyin^r  and  under- 
lying rocks.  It  was  placed  in  his  subcarboniferous  group,  and  formed  the 
base  of  the  group  as  redefined  in  1869.  It  was  also  referred  to  the  Carbon- 
iferous by  Owen  and  Norwood  (1847).  Half,  however,  (1843,  267-293)  had 
correlated  it  with  the  Portage  and  Chemung  of  New  York,  regarding  the 
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green  shales  of  the  kwer  part  (N«w  Pravidenee)  as  Portage  and  the  over- 
lying sandstones  as  Chemung.  That  thil  correlation  was  based  solely  <m 
lithologic  rpspmblance  and  the  assumed  westward  persistence  of  the  New 
York  formations,  is  shown  by  the  fact  that  Ilall  mentions  the  discovery  of 
shells  <tf  Carboniferous  type  in  the  "Knohrtone",  and  was  led  to  question  the 
inference  as  to  absolute  identity.  Nevertheless,  he  repeated  this  correlation 
down  to  1860.  In  the  Foster  and  Whitney  report  (1850,  II,  292-309)  he 
ecpresses  some  doabt  of  his  correlation,  stating  that  "the  green  shales  and 
sandstones  of  Ohio  and  Indiana  which  succeed  this  Hlack  Shale,  have  been 
recognized  as  Carboniferous  by  their  fossils,  though  there  is  still  some  doubt 
whether  tiie  lower  part  may  not  represent  the  Chenrang  group  of  New  Yoric* 
Hall's  opinion  influenced  Owen  (1811)  to  adopt  this  erroneous  correlation. 
De  Vemeuil  (1847)  correctly  associated  the  Knobstone  rocks  with  the  Carbon- 
iferous, being  influenced  by  the  fSDSsils  and  not  by  lithologj'  or  by  stratigraphic 
prepossessions.  The  decided  Carboniferous  affinities  of  the  Rockfoi  d  goniatites, 
had,  after  the  correction  of  Christy's  mistake  of  placing  the  Rockford  in  the 
Black  Shale,  a  decided  influence  in  support  of  the  Mississippian  affinities  of 
the  Borden  group  and  since  1860  there  has  been  little  disposition  to  question 
the  correctness  of  de  Verneuil's  correlation  (See  Worthen  1861;  1866.  116- 
117;  Meek  and  Worthen  1861,  167-177;  White  and  Whitfield  1862,  289;  Win- 
ehell  1869^70  [1871]  etc) 

The*  0  has  been  much  less  unanimity  as  to  the  exact  position  of  the  beds 
t»  the  Missisttippian. 

White  and  Whitfield  (1862,  289),  judging  from  the  fossils,  regard  the 
upper  part  as  Keokuk,  and  Worthen  (1866,  116-117)  agreed  with  this  correla- 
tion. On  the  other  hand  Winchell  (1871,  57-82)  says  "It  appears  from  ob- 
servations made  by  others  and  by  myself  that  the  Knobstone  formation  of 
Indiana  and  Kentucky  with  the  associated  shales  and  limestones  is  substan- 
tially restricted  to  the  horizon  of  the  Keokuk  division  of  the  Mississippi  lime- 
stone series  or  'Mississippi'  group."  This,  by  the  way,  is  the  tinst  use  of 
the  name  ''Mississippi  group."  Beaehler  (iSfflT,  1106-1100)  listed  the  crinoids 
from  the  famous  fossil  bed  at  Crawfords\nlle,  Indiana,  and  referred  the  beds 
to  the  Keokuk.  The  next  year  (1888,  407-412)  he  gave  a  list  of  species,  and 
sections  of  tte  beds,  and  evidently  regarded  the  whole  Knobstone  of  that 
re^-ion  as  Keokuk.  It  should  be  noted  here  that  not  all  geologists  seem  to 
have  been  aware  of  the  fact  that  these  famous  crinoid  beds  are  in  the  upper 
Knobstone.  The  Indiana  Survey  geologists,  however,  from  1874  on,  usually 
correlated  the  formation  with  the  Kinderhook  of  Illinois,  and  Waverly  of  Ohio. 

(So,  Collett  1874,  198;  Borden  1876,  115;  Cox  1875,  44;  Collett  1888, 
68  Waverly;  Gorby  1886,  124,  correlates  upper  part  with  Waverly  and  lower 
part  with  Kinderhook;  Thompson  1892,  3.'5;  S.  A.  Miller  1892.  Wavfrly= 
Kinderhook  — Chouteau— Marshall:  Rlutchley  and  Ashley  IROSa,  20,  Waverly; 
Newsom  1903,  277;  "lower  layers"  Kinderhook;  Blatchley  1905,  47-52 
Waverly).  Collett  (1875,  85;  1876,  818;  1879,  808),  Elrod  (1882,  174,  198- 
201),  Brown  (1884.  7r>-78).  MTaslin  (1884,  128-131),  and  Scovell  (1897,  R13) 
do  not  definitely  correlate  the  Knobstone,  but  all  place  it  below  the  "Keokuk 
group",  by  which  they  evidently  mean  the  Harrodsburg  and  the  Crawfords- 
villc  beds. 

H.  S.  Williams  in  1888  also  correlated  the  Knob.stone  with  the  Kinderhook 
(1888,  282). 
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On  the  other  hand,  Kindle  (1899,  100-102)  and  Siebenthal  (1901,  338) 
correlate  it  with  the  Osage  (Burlingrton  and  Keokuk),  and  Hopkins  (1904, 
44-49)  with  the  Keokuk;  which  is  a  return  to  the  views  of  Worthoit  Windiell 
and  Beachler.  The  Kinderhook  apt  of  the  Knobstone  has,  nevertheless,  up 
to  very  recent  years,  been  rather  £:enerally  a<:cepted,  and  c<*pecially  the  Kinder- 
hook  age  of  the  lower  (New  Providence)  portion  (eee,  for  example,  Wdler 
1914).  Schuchert  (1910)  and  Ulrich  (1911),  however,  place  it  in  the  Osajre, 
the  former  as  Burlington  and  Keokuk  and  the  latter  ai<  Burlington  only.  It 
would  appear  from  the  recent  detailed  work  of  Butts  in  Kentucky  (1915,  187- 
163;  1918,  10)  that  the  older  correlation  with  the  nuHiriK'^ton  and  Keokuk 
(Osage)  is  correct,  and  that  the  overlying  (Harrodsburg)  limestone  is  not 
Keokuk  but  Warsaw.  A.  M.  Miller  (1919,  97-101)  regards  the  Borden  or 
Knobstone  a-  the  equivalent  of  the  Cuyuhoj^a  and  Logan  formations  of  Ohio 
which  constitute  all  but  the  lower  part  of  the  Waverly,  and  are  correlated  by 
him  with  the  Burlington  and  Keokuk.  Butts  and  Weller  (1920a,  92-96)  corre- 
late the  Borden  with  the  Osage. 

(On  the  Borden  (Knobstone)  see  the  following  additional  papers:  New- 
som  1898,  253-256,  map  and  discussion;  Bennett  1898,  258-262,  sections;  Price 
1898,  262-26G,  Mt.  Carniel  fault,  etc.;  Jones  1898,  2r)7-2r>8,  upper  limit;  Ben- 
nett 1899,  283-287,  eastern  escarpment;  Newsom  and  Trice  180!),  28!)-'Jitl,  dis- 
tribution and  correlation;  Blatchley  and  Ashley,  1898,  20,  thickness  and  cor- 
relation; Ashley  190S,  87-89,  thidcMU;  Reagan  1904,  206-223,  deaeription  and 
map  in  Monroe  County;  Newborn  190."!,  2^0  280,  extended  description  and  map; 
Blatchley  1905,  47-52,  thickness,  economic  uses,  correlation;  Blatchley  1904, 
47*48,  thicknees,  distribution,  etc.;  Blatchley  1907,  38-89,  economic;  Shannon 
1906,  99-105,  litholopy,  distribution  and  soils  in  Monroe  County;  Siebenthal 
1908,  305,  thickness;  Tucker  1911,  15,  table  of  formations;  Cumings  1912, 
121-123  good  account  of  phjrsieal  properties;  Beeda  1916, 191  brief  description.) 

The  Borden  has  been  divided  into  the  New  Providence,  Kemvood,  Rose  wood 
and  HolUiclaiv  formations.  The  first  of  these  names  was  proposed  in  1874 
by  W.  W.  Bordeh  (1874,  161)  from  the  old  name  of  the  town  of  Borden  in 
Clark  County,  and  has  been  used  until  recently  for  the  lower  and  middle  shaly 
portion  of  the  Borden.  Butts,  however,  limits  the  term  to  the  lower  120  to 
160  feet  of  green  shale  below  the  lower  sandstones,  which  is  evidently  what 
Borden  had  in  mind  when  he  proposed  the  name.  This  lower  sandstone  capping 
the  New  Providence  shale  in  the  Louisville  retrion  is  called  Ki  iurood  sandstone 
by  Butts  (1915,  148),  from  Kenwood  hill  at  Louisville;  and  the  second  or 
"Knob"  ahaie  is  named  Rt»ew>od  shale  from  Rosewood,  Harrison  County, 
Indiana  (19ir),  l.'>0).  The  Kenwood  sandstone  does  not  appear  to  be  present 
north  of  the  Louisville  area  and  is  probably  a  very  local  bed.  For  the  upper 
sandstone  capping  the  "knob  diale"  in  the  Ohio  River  eounties,  Butts  proposed 
the  name  Holtsclaw  sandstone,  from  Holtsdaw  Hill,  Jefferson  County,  Ken- 
tucky (1915.  151). 

In  1896  Hopkins,  in  his  report  on  Carboniferous  sandstones  of  Indiana, 
(1896,  IDf),  287)  used  the  name  Ru-imidv  .-nntLifone  for  a  finoKrained  sand- 
stone quarried  at  Riverside,  near  WiUiamsport,  in  Warren  County,  Indiana. 
Later  (1904,  45)  he  recognized  that  this  sandstone  is  of  Knobstone  age  and 
suggested  that  the  name  Riverside  be  dropiud.  It  has  been  retained,  never- 
theless, as  a  designation  of  the  upper  sandstone  of  the  Horden,  and  is  so  used 
by  Kindle  (1899,  100,  101),  Newsom  (1903,  262),  Reagan  (1904,  206),  Ulrich 
(19U,  pi.  29),  Cuniagi  (1912),  Beeda  (1916,  191-194)  and  others.  Kindle 


Digitized  by  Google 


490 


Department  of  Conservation 


says  (loc.  ext.)  "ThA  sandstone  in  northern  Indiana  desi^ated  as  the  River- 
side sandstone  by  Mr.  Hopkins,  has  been  correlated  with  the  upper  sand« 

stone  and  sandshales  of  thr  Knoh  ropinn  in  snuthprn  Indinnri  on  the  pvidcnco 
of  fossils  collected  at  and  near  the  typical  locality."  He  gives  a  list  of  the 
spedes.  The  present  writer  has  Terified  Kindle's  faunal  evidence  and  also 
notes  that  the  thick  upper  sandstone  of  the  Bloomin^on  area  which  is  cor- 
related with  the  Riverside  contains  the  same  fauna  as  the  Holt.sclaw.  It  seems 
very  probable,  therefore,  that  Holtsclaw.  is  a  synon^nn  of  Riverside,  and  the 
writer  has,  therefore,  given  the  latter  name  preference.  Still  another  name 
has  been  applied  to  this  fonnation.  In  his  1870  pnper  on  the  Marshall  proup, 
A.  Winchell  (1871,  385-418)  speaks  ol  the  Williamsport  (Riverside)  locality 
and  corrdates  the  sandstone  there  with  the  Roekfbrd  Goniatite  limestone  of 
southern  Indiana,  callinp  it  on  his  chart  (p.  415)  the  "WllUaninjiort  ffn'tstoric." 
He  seems  to  think  this  sandstone  an  especially  close  correlate  of  the  Marshall 
of  Midiigan.  There  is  no  certain  indication  that  Winchell  intended  WiUians- 
port  as  a  fonnation  name,  and  it  would  serve  no  useful  purpose  to  revive  it. 

.\'eir  Providence. — This  formation  comprises  the  lower  green  shales  about 
120  to  160  feet  thick  at  the  base  of  the  Borden  series.  The  history  of  its 
ewrdation  has  beer  covered  under  the  general  discussion  above.  Butts  (1915, 
!  14-147),  on  the  authority  of  Drs.  Girty  and  Si)rin(rer  correlates  it  with  the 
Burlington,  though  Weller  (1914,  etc.)  has  been  inclined  to  correlate  it  with 
the  Kinderhook.  Girty,  howetver,  adniti  thai  the  kywer  part  night  prove 
to  be  Kinderhook.  The  stratifrraphic  relations  and  the  preponfieranco  of 
faunistic  evidence  seem  to  the  writer  to  favor  the  Burlington  age  of  this 
fonnation. 

Description. — The  New  Providence  consists  of  soft  greenish,  rapidly 
weathering,  clay-shale.  Thin  limestones  and  bands  of  iron  carlwnate  occur 
distributed  through  the  fonnation.  When  dry  the  slacked  shale  pulverises 
readily.  It  retains  its  lamination,  even  after  it  has  weathered  to  a  plastic 
clay.  Fossils  are  common  in  the  calcareous  and  iron  carbonate  layers,  but 
lare  in  the  rest  of  the  rock.  The  iron  carbonate  often  takes  the  form  of 
concretions,  arranged  in  bands  parallel  with  the  bedding.  The  formation  is 
best  developed  in  Clark,  Scott  and  Washington  counties. 

FHuna,  Thfie  in  U'<  ^ysUmntic  li«t  of  the  fo<»il«  of  the  New  I'r<ivitlftu«-  «■<  hvrv  rfctricU-d. 
other  than  the  one  «iv.  ri  hy  Buttn  fmm  the  I.oui.Hvill.-  K  wion  (1915.  140-142)  and  the  crinoiiin 
lilted  bgr  Sprinser  (1911),  the  mjuority  of  collectors  not  havins  diatinvutohed  between  tite 
feaiM  of  thta  nwk  And  tlit  tatanc*  of  tke  Borden  Mriea.  ButU'  Bat  Mlowi:-^iN|d«nM  /msOli 
Whit*  and  8t  John.  A,  ap..  CMtehamma  umr  grmeOU  Xcjrca.  C.  ncHr  lM«f  Rowhy.  Cuatkmximim 
•rrwste  Wtllcr.  C,  tfiudm  'Raaiicainie  A  COffdrd.  p.  ap..  FmvcuilM  rmtmeprenMu  f  WeOer. 

MonUopora   amplrxa   Rowley,   Pttenrin   ravrrMiua    Miller.  k|i.   Stiiatopora    nrar  rarfmnaria 

White.   Tr<>rhot>k»UHm   %'rmruilianum   M-E.  &   H..  Tripluith'>lln 

rliffordaiti:  iM  K  At  H.i,  7'  '  /  d'clhin  Millir,  T.  >p..  iiu'cifi  <if  .  Ir^ini'cr .  n  i.  ■<.  \  iiarirurrinuji, 
,\m iihttraci  iHun,  Hai' iirt  inuD,  (  nr  Iiti  inu»,  {'nolhiwrinuM.  /•.ui  (/<j<-i  iniw.  Ilalii^ton  tnu*.  M>'i/iafo- 
rriniM.  MrapUorrinua,  I'lalvrrinu*,  Srapkiotrinut,  TntorriMun  and  IV'arhi>NiH/fci>riHMir;  and 
C«tiBecrf»M  ttn%tn*«f«  Sbuimird.  Hrrtmorrimua  i/anilrUi.  forhrtiocrimuM  nobUis,  GaitrrUoermm 
cf.  ttmmbnMabm  M.  *  W.,  Mi«fcihfkw»erjiiiia  triaratfarmm  Hall.  M.  dwtouif  M.  «  G., 
Orpkaertnmu  et.  aMtjforwM  Owen  It  Shumard.  IHatitorimiiM  mmtrientma  O.  A  8..  J*.  6Mr<tii0(oii«iMia 
f  O.  a  S..  p.  cf.  cramotMn,  P.  planna  O.  A  S..  P.  tentptm  HkH.  P.  rrrrueottu  White,  P.  ef. 
Haniiilli  O.  &  S.,  Srhi:ohla!<t tin  runnata,  .sV>  i.M)r<j/»rriwu«  trauttrholtti  W.  a  S.,  SimbathnrriHus 
antfulari*  M.  &  (i.,  robiutuji  ^^humalll.  (hiiintrflirhiaii  '  <t|i.,  Cunliilirl  im  am<rirana  Ulrirh, 
linrttla  Ulr..  C.  ptutulo»a  Ulr.,  FmtnUlla  r,„„in,rMa  Ulr..  t'.  r-t>al>if  Ulr..  A'.  Iriiierialin  Ulr., 
F.  ap..  Fittulipvra  ap..  Lioeicwa  inuHftotum  '  Hall.  Miekopom  ;  apcrta  Ulr.,  Pctuifora  ap.. 
Ptibpor*  cytttdrMW  Ulr..  Rhomhtporm  omgmMlata  Ulr..  Jl.  rirfontahi  Wtm  Jt.  Awrdawlw  Ulr.. 
R,  ap,  SUm»parm        StrMtlrupa  Ulr.,  Tkammkem  divarieam  Ulr..  T.  tet^tOk  tttt^ 
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Bracfcvtkvrb  mbM^inrfaHa  fHal},  Otamttn  plamMikvmM  M.  A  W„  C.  tkumardanut  dc  Koninck. 
ClfatfcgrMftMt  mar  <lt»jWMr*WMi>  WeBcr,  ^iwliwtm  arM<rrtfoiiia(iM  Martin.  />lv«hM|Mra 
frffrats  White  A  WliltllcM.  IhMtala  a.        f>.  iwiMlata  Marttiu  IMfporfmiirilii  *irMi{  Hall  and 

(Inrkc,  SrhurkrrtfUa  noar  /.  n*  \^'hlte.  Spirifrr  near  floudnutit  "Wriler,  S.  near  /onoMi  Hall, 
.S'.  neai  Moorc/uldanu*  Uirty,  S.  near  r<r«iinw<«.  Swallow.  SpiriferiiM  tubrllrptiea  McChcsney. 
ralionrilv  >i>..  /'(Mtrfoniellla  Ptmttetrma  mp^  GMtetftM  ap.,  AraefctfMftapaa  ap^.  OrigitkUtM 

at>.  of  Uatraeoda. 

The  MIowliw  Bradiiopod  la  added  tram  WdlM^a  Itaft  11914):    StnvkmMa  evM6ala 

M.  &  C. 

KentioocL— According  to  Butts  (1915,  148-150)  the  Kenwood  sandstone 
has  a  constant  thiekness  tit  about  40  foot  throughout  Jefferson  County,  Ken- 
tucky, and  extends  southward  in  Kentucky  and  northwestward  into  the  river 
counties  of  Indiana.  It  does  not,  however,  according  to  our  observations, 
persist  very  far  into  Indiana.  Butts'  description  is  as  follows:  "At  roost 
localities  the  Kenwood  sandstone  is  compose<l  of  thin  sandstone  layers  alter- 
nating with  shale,  but  at  a  few  points  the  sandstone  becomes  rather  massive 
•  and  includes  a  larger  proportion  of  the  whole.  .  .  .  The  prevaiUns  char- 
acter of  the  formation  is  indicated  hf  the  f blowing  seetidn: 


Ifiosewood  shale                                                                Ft  In. 

17.  Shale  

Kenwood  sandstone                                                             Ft.  In. 

16.  Sandstone,  chocolate,  hard,  finegrained   S 

15.  Shale,  blue   2 

14.  Sandstone,  blue,  finegrained  2 

13.  Shale,  blue   8 

12.  Sand.stone,  reddish  calcareous?   8 

11.  Shale,  blue,  calcareous  noHrle.s                                              2  6 

lU.  Sandstone,  bluish  finegrained   4 

9.  Shale,  blue                                                             1  8 

8.  Sandstone,  rusty   2 

7.  Shale,  blue                                                                   1  8 

8.  Sandstone,  rusty    2 

5.  Shale,  blue      5 

4.  Sandstone,  bluish,  finegrained  with  iron  carbonate  nodules 

up  to  1  ft  in  diameter  (turtie  stones)   8 

3.  Shale,  blue                                                                     1  6- 

2.  Sandstone,  iron  carbonate  nodules   2 

1.  Shale,  blue   2  6 


23  5 

The  sandstone  layers  .seem  to  be  almost  wholly  compo.sed  of  vei-y-  small 
quarts  grains  bound  by  a  ferrufdnous  cement.  Occasionally  small  flakes, 
apparently  of  mica,  are  present.  The  sandstone,  is  greenish  where  fresh, 
but  rusty  when  weathered." 

Produetiis  ico^theni  Hall,  is  the  only  fossil  listed  from  the  Kenwood. 

Roseivood. — Butt-s  (1915,  150-151)  defines  the  Rosewood  shale  as  including 
in  a  general  way  the  "Knob  shale"  of  authors,  nearly  200  feet  thick.  It  makes 
the  chief  slopes  of  the  Knob  region  about  LouisviUe.  It  is  bluish-g:ray,  un- 
evenly fissile,  and  siliceous,  having  about  fiS'-  silica  and  If'  alumina  with 
bome  lime,  iron  oxide,  and  K|0.    Limestone  lenses  and  iron  nodules  occur 
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Departmgnt  of  Conservation 


about  70  feet  below  the  top.    A  characteristic  feature  of  the  upper  half  of 

the  formation  is  fucoid-like,  whitish  markinpr.'j,  rep^rded  as  worm-trails  by 
Borden.  The  upper  part  of  the  Rosewood  is  somewhat  fosstliferous.  The 
formation  has  not  been  eertainly  identifled  north  of  Clark  County. 

Fminii.  Rutta  (19IS.  I.':'.-!.'!!  lifts  thi  follnwitiK  ii|>cciri  fmm  tho  Rowu  n...!  in  tlio  I^iu>i>- 
villc  area:  Kucoldn  T.  .  1  m  j «.«  »iii,/i/i.>i  White  &  St.  .luhn.  Clniiochonw  noiir  lonni  l<4)wlcy, 
Trii>loi>h>illuiii  !<i>-.  (' ni'todirl  »a  s|>..  himnhlla  -iMral  sp..  1 1  <  initr'iita  itt.,  I'innali.ii  ><>  -ft., 
Nkombopora  Mverkl  Brathiilhiirin  tMhuihii  u'nri*  I  Hull  I,  Chonrtra  akumaTtlanuM  itc  Koninck, 
C.  sPm  CihAyrkttmm  pmrviroalrit  <M.  ft  W.l.  Ci/rUna  near  burlingtonnt»m  RonUy.  Oulaama 
•».,  /VMhietM  nMr  •reutUu  Hall,  P.  trawionlBviUmai*  I  Wcilcr.  P.  worlAmt  HaU.  P. 
watrna  Had.  Jtatjcafarw  puntMinmta  (Halt).  JMyiirhtfpora  fec<vh«T<  ?  GrcRer.  .<9rfciick«riclto 
ne«r  <-Amiu«(mMM  (Crninwl).  Snirlfrr  fh»fli»*u  Wtllrr.  Spirifrr  nflrttatWi  Hall.  Sfiiriferhtm 
■Mbci/r f  (HcChrsnry).  r'<in>M-<irrfium,  2  «i>..  rrrni/orr'M  np.,  Ctiftrirarilinia  near  antHia 
Hcrrirk.    /.rrfa  r-r'.  ii".  i(-    :u  n\       f/'.Mv/,  dm*    M<  --1,.    /t.        .  i.i    n.    ■'f  ..    HMranoimit    t  t^„ 

Otydi»CMa  ap.,  I'luliKt  raa  sp.,  OiSkuti  roH  i|>.,  /'htiliiiKia  n|>..  Urarhitm'  tuintn  tligaitK  ! 

Riv9r9ide  (or  Holtsdaw). — A»  intimated  in  the  general  discussion  above, 
the  formation  called  Holtsdaw  by  Butts  is  probably  the  equivalent  of  the 
Riverside  sandstone  farther  north,  and  the  older  name  is,  therefore,  preferred. 
The  sandstones  quarried  at  Kiverside,  Warren  County,  Indiana,  and  nsuned 
"Riverside  sandstone"  by  Hopkins  (1896,  !!)(>,  287)  attracted  attention  many 
years  ajfo  and  were  correlated  with  the  Kinderhook  and  Wavcrly  by  Worthen 
(1866,  117),  and  by  Winchell  (1871),  the  latter  speaking  of  them  as  WilUams- 
port  ipritstwtes.   Gorby  (1886,  86)  also  used  the  name  Williamsport  of  the 

-anristnnf^  (U'nrricf!  near  thfi«>,  hut  not  a.s  a  formation  name.  Kindle  (1899) 
i'howed  the  probable  equivalence  of  these  sandstones  to  the  upper  Knob  sand- 
Stone  farther  south;  and  Newsom,  Beede  and  others  have  applied  the  name 
consistently  to  this  upper  Knobstone  formation.  It  would  be  both  unwise  and 
unfair  to  adopt  Butts'  name  unless  and  until  it  can  be  shown  that  his  Holts- 
claw  is  a  distinct  formation. 

Hopkins  states  (loc.  cit.  287)  that  the  Riverside  "corresponds  litholofncally 
to  the  Knobstone  group  near  the  base  of  the  lower  Carboniferous,  and  possibly 
belongs  to  that  group.  .  .  .  It  is  a  very  fine  grained  sandstone,  blue  on  a 
fresh  surface,  weathering  buff  to  dark  gray  on  long  exposure.  It  is  quite 
evenly  stratifud,  in  many  places  on  natural  oxpo.sure.s  the  stratification  planes 
becoming  quite  abundant,  even  grading  into  shale."  It  contains  about  93'-'r 
siUca. 

Fai'thcr  ^outh,  in  Monroe  Cfuinty,  the  I'iversidc  is  a  less  resistant  foima- 
tion  and  not  adapted  to  use  as  a  commercial  stone.  It  is  a  very  fine  grained 
tongrh  sandstone  with  day  binder,  and  suffers  severely  from  frost  action.  Its 

color  is  li^,'ht  blue,  weathering  dirty  K'ray  or  brown.  In  dry  seasons  an 
abundant  efflorescence  of  magnesium  sulphate  comes  out  on  clean  exposures.  • 
Long  continued  weathering  gives  a  shaly  appearance  to  the  outcrops  unless 
they  are  kept  clean  by  stream  action.  The  rock  produces  a  lean  sandy  soil, 
with  a  scrubby  growth  of  small  oaks,  Judas  tree,  d(^pwood,  etc  In  Monroe 
County  the  formation  is  at  least  100  feet  thick. 

Buttj«  (1915,  1.51)  defines  the  Holtsclaw  as  comprising  the  "Knob  sand- 
stone" of  authors,  with  a  thickness  in  the  Louisville  area  of  IT*  to  25  feet. 
It  is  described  as  "a  bluish-gray  or  buftish,  rather  loosely  cemented,  soft  and 
easily  disint^rated,  very  flne-grained,  thick  to  massive  bedded  stratum.**  It 
will  be  noted  how  perfectly  this  desrription  fit.s  the  River.side  farther  north. 

The  Borden  has  usually  been  assigned  a  thickness  of  from  400  to  600  feet 
in  Indiana.  Unpublished  data  indicate  that  in  the  Monroe-Brown  county 
area  the  group  is  as  much  as  800  feet  thick. 
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FsnM.— Butts  IMa  the  foUowinv  apcvlei  from  bis  "Holtaclftw  Hmdrtone":— i^ieoids. 
CtadM*«mM  1MW  #nw0i*  Kayo,  C.  sp^  TKpfoiihiiaHM  tp^  BMoitoiMite  T  up-  CvttodlrCiM 
NiMMta  t  Ulrieh,  C.  ap.,  Dtrhotmiia  up..  Feneatella  Mveral  ip.,  Hemitrupa  ap..  Lioclrma  sp., 
Polppora  iieveral  /;komho;<ora  «|>..  SIfnopora  »p..  /Iffcyrfu  'omrf/ora  rEvrillo,  Brarfc»(fcHri« 

ail4or6i^i</ii  Hall,  f  *Kr/n»  f<  M  nh  n  n>i]  fHiA  de  Kitnihil,  f Hik.  Cfatiia  «;t.,  pi,  Jnfri'fi  n»'ai 
femptftif  nHui  Wt'lliT.  Kumit'ui  iimiuiluina  Hull,  /,iHj/i4/rwiij.rt«u  .•i|>.,  Orfjtvtln  lri>  Kfokuk  Hall, 
Produrltu  arruaitu  Hall.  I'rodiict'iK  •  ki  utonitviUritiiiii  \Vill«r.  /'.  n.  near  ui'tifux  Hall, 

f*.  n«ar  psrriM  M.  A  W..  T.  sp«  P.  worlhmi  Hall,  i'ltatii/a  oUcriMta  f  Norwood  St  Pratten, 
Jlrttm/aria  pMndMfiiMta  iMall).  Jl.  apn  Mpiicik«fMra  ftcwkm  Grcier.  SpMfer  enwfordf 
HUciida  WcOcr.  SpMffr  Uninuta  WaOar.  ff.  iMaicMft  HaB,  &  ManlooiHrrvcMu  Weller.  S. 
wiifleitMi  Han.  .9.  fMNieMtatiM  Hall,  SpMt«rim  witlllft>ffw  T  HsOlMaiicy.  5.  ap.  SprtapoUprit 
taste  Hall.  Arirutop.ri,n  ..p..  r»n/u'nrui  sp-  CvpHecrdlNla  BiHir  wttiifa  HtiTidt.  Jfpattta  JV**- 
Mk  /  WorUien,  /'ta^vccrai  ap.,  PhiOipna  ap. 

5yrln0rotAyrM  e«a;fa  and  OrthothHtn  ktohtk  which  Butts  says  are  limited 

to  thr  Holtsclnw  are  the  commonest  fossils  of  the  Riverside  in  Central  Indiana 
and  at  Kiverside.  At  Borden  Stfringothjfris  texta  occurs  more  than  150  feet 
1)dow  the  Harrodahnrsr  eontaet 

The  followintr  s|i€H"I«>!i  frnm  the  ontirc  BoHcn  ( Knolwtono) ,  !«ume  of  which  arc  very 
doubtrul,  arc  liated  by  Kindle  (I8&8.  408-488)*:  LUkottrotion  fratHerum  Hall  (77),  Zaphrentia 
eomufopui  (  7  77).  Z.  dah-i  E.  *  H.  (?l.  CMiOoerkuM  bnHtui  M.  A  W..  Sabutoeriima  atimUowi 
HaU  ( 71.  ChmutM  mnakntU  Worthen  tUitod  m  C.  hgimi  HMI],  UM^nduu  eMadrteaatataa 
Vuivxcm  (T).  tlMrUomtUm  Mvrwf  Hall  *  Clark  lllated  br  Ktndte  M  Orlkte  mirkttM  Ralll. 
RhifidtrmrUa  pmtlope  Hall  t??.  a  Hamllinn  ^p<-^io!•1.  Vrndurtun  retieut^MM  Gabb  [77.  a  South 
Amerlotn  5iiiwl*^l,  l.iar\i/nrhH»  urrrninnum  (Ulrichi.  SknmarJrUa  vtiifOurimtiM  (ShumardI, 
Spirtfrr  aspi  r  Hull,  I  .  '.  a  }!;iiiiilti>ii  ■.|.f<  i<-<  I .  Siiirifer  biitliratUM  Hall  (  '.' i .  Spiritrr  rarli  ri 
Hall  [aw  SmriniKtthiirin  trria  HkIII.  Spinftr  marionrnjiiii  Shtimarrl  ('.').  Hrarhnlhtiri*  itrrutiaria 
(8humard>  (7).  /{rarAytAyrt*  nfmipliraUi  (Hall)  [probably  from  the  Koctiford).  SpMftrhM 
eriutmta  (SclilaUiclm)  15.  *eHtMc*p«iM<«  aa  Uatcd  by  Kindle.  An  Upp«r  Carbonifcraaa  apadca). 
OrtttMkHm  ewmttMrn  (PUIUpa)  (7?.  pnhaUp  doea  aa«  aeowr  in  Aawrieal.  StfwpforfcpMkiia 
pmtimmMwn  Hall  [evidently  5(ropfc«M«M  peetimteem  Hail  •»  Orthatafa*  r*«mimp«M<t:  bo* 
a  MiMlmtppian  Bp«elcs.1.  Strrptorhvnrkmn  unhraeiUam  Von  Bodi  fnot  an  American  apeetes. 

src  (^rrhiithilin  urnbraculuM'  Hnll,  prnlwbly  i!it-  r...!  (  i-rur  In  the  Bimicn.  Kiirm«  rffrrrol  to 
Ulia  apccics  arc  probably  U.  krokuJk.].  Trrrbialula  rahini  [thin  is  ItirloAma  ralrini  (H.  Ar  W.I, 
a  Chemunx  apvcie*).  CardwtHoriiha  KubgUthoiia  Mc<-k  (  .' i .  f7r«f»iii)/«i/i  rhfimhoui'jlif  M  A  \\ 
l—tG.  rkombotdet  Meek],  G.  acaCriwaa  Meek,  [Wnverly  ap.i,  Paleoneilo  brdforHtminii  Meek 
(Bedford  ahalc  of  Ohio],  5<*be4aa  ainMUMWia  Meek  rWaveriy  of  Oblol.  Cpdonema  pulckMum 
UUer  ft  Gnibgr.  MalapMi  gnmUt  NMer  A  Curler,  tfnrehteiite  htdUtmemtU  M.  *  a.  Ipaema 
pataleerfaae  Owen  [na(pe<rae  hthMdIMmfm  M.  ft  W.,  as  listed.  Crawtoidwrine].  OrOumwekim 
mmtiromtra  Hall,  [Ptatftrrra*  unr-um  M.  Sc  W.  ns  lUted.  CrawfordsvUle?!.  nsHralMMrla 
mimimippimti.  White  A  Whitfiild  (/'.  t,rtili,i.ra  M«i-k.  «»  1l-.t«l.  Burllntrton?!,  Co«Ml«rCs 
mirronfma  M«k  IK..iKiikl,  <\  ru- ubi- 1  mi  Wim-hell  [Wavrrly.  .MarshRll).  CnnuitilM  brnimrnjiU 
Miller.  G.  grtcnii  MilUir,  O.  indianmnia  Miller,  HemetUcrrtm  rlarkente  M.  *  G.,  Solrnochfilmt 
ktwrgpUUmalt  M.  A  G..  Cowlerpltat  atarplnatMS  Leequereax. 

To  these  lists  should  be  added  the  species  listed  by  Wachsnni*  &-  Sprinfar, 
Springer,  Beachler  and  others  from  the  Crawfordsville  crinoid  beds.  (See 
speeles  muM  ''Crawfordsvine''  in  faunal  list  wider  Warsaw). 

IVarAd u'.—  (Hanrod8burR,  Encrinital  (part),  Keokuk,  BvrlinKton,  Geode 

beds.  Knob  limestone,  Middle  limestone  (part),  etc.).  The  sreoflf-bearinff 
crystalline  limestones  capping  the  "Knob  sandstone"  in  Indiana  were  com- 
numhr  correlnled  with  the  Keokuk  ef  the  Misaiaaippi  ytXifff  seetien  by  the 

older  Indiar.r  pcolopists,  apparently  largely  because  of  the  abundance  of 
geodes;  and  thiu  correlation  has  persisted  in  Indiana  literature  down  to  recent 
yeara. 

(See  for  c  :ample,  Collett  1874,  265;  Collett,  187.5.  Sfi,  refers  to  "Krokuk 
beda"  86  feet  of  reddish  crinoidaJ  beds  on  Weed  Patch  Hill  in  Brown  county, 
[there  ia  no  Ilarrodrirars  in  Brown  County] ;  Borden  1874,  172,  Knob  lime- 

*  The  aancric  name  now  la  use  is  B<ven>  la  RMst  caasa  wltlignt  tarther  asplaBattaii. 
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st(me=KeoIcak  group;  Collett  1876,  S17-818;  Collett  1879a,  SOS,  etc.;  Collect 

1880.  417;  Greene  1880,  4:;2-4:'.8;  Collett  188n,  r.8;  U.  T.  nrown  188 1.  78; 
Thompson  1886,  18,  include:>  crinoid  beds  at  Crawfordsville;  Gorby  1886,  124, 
183-13<(,  205-206;  Thompson  1889,  63-64;  Beachler  1889,  65-70,  CrawfordRrille 
Jieds;  Kindle  181),').  52-r);5;  Siebenthal  1897.  2'jr>-2!>7.  BurlinK-ton  ami  Keokuk; 
Scovcll  1897,  51.';,  Crawfordsville  beds;  Blatchley  and  Ashley  18!>8,  20-21; 
Ashley  1899,  79;  Ashley  1903,  66,  86-87,  Burlington  and  Keojcuk;  Newsom  1903, 
280-281  Keokuk;  Crawfordsville  erinold  beds  are  in  the  Knobstone;  Hopkins  * 
1904,  49-52.  BurliriKlon.) 

In  1897,  recojjnizing  the  uncertainties  of  correlation,  Hopkins  and  Sieben- 
thal named  this  formation  the  HarrodsburR  limestone  from  Harrodsburg, 
Monroe  County,  Indiana.*  This  name  has  been  in  general  use  since  that  date. 
(See  Blatchley  1898,  20-21;  Jones  1898,  257;  Ashley  1899,  74,  79;  Ashley  1903, 
8»-87;  Newsom  1908,  280-281;  Blatehley  1904,  48;  Reagan  1904,  206-216,  see- 
tion.';;  Hopkins  190-1.  .19-r,2;  RIatrhley  100r>.  ir.O-llO,  etc.;  Ellis  1906,  761; 
Cumings  1906,  85,  weathering;  Shannon  1906,  957-959;  Shannon  1908,  106- 
108,  litiidogy,  tiiiekness,  etc.;  Sidienthal  1908,  306-806,  thickness  and  deaerip- 
tion;  Tucker  1911,  15;  Beede  1:916,  194-203,  good  deseription,  with  seetion; 
redescribes  type  section.) 

.  Consistently  with  the  correlation  of  the  Harrodsburf;  with  the  Keokuk, 
the  next  overlying  foimation,  now  known  as  the  Salem,  was  called  Warsniv. 
In  fact  the  early  correlation  of  the  Sperjren  bed  with  the  Warsaw  by  Hall  and 
otherti  hud  much  to  do  with  placing  the  Harrodsburg  in  the  Keokuk. 

Sehvdiert  (1910,  548)  in  his  paleogeography  adheres  to  this  older  eorrda- 
tion;  but  Ulrich  (1911,  pi.  29)  places  the  Ilarrodshurp  opposite  both  Keokuk 
and  Warsaw,  Weller  (1908,87)  having  proven  in  the  meantime  that  the  Salem 
and  Warsaw  are  distinet  in  the  Warsaw  type  section  and  elsewhere  in  Illinois. 
Nevertheless  Weller  in  lOU  (1911.  1.  :;fi8,  etc.)  .still  places  the  Hairods- 
burg  as  equivalent  to  the  Keokuk,  though  he  also  refers  the  Crawfordsville 
beds  to  the  Keokuk  (op.  cit.,  145,  etc.). 

Butts  (1915,  157-163;  1918,  26-32)  appears  to  be  the  first  to  definitely 
break  away  from  the  older  correlation  and  to  correlate  the  Harrodsburg  with 
the  Warsaw.  He  says  (1915,  163)  "On  the  basisi  of  lithic  similarity  and 
Btratigraphic  position,  the  formation  here  under  discussion  [Harrodsburg:]  is 
correlated  with  the  Warsaw  limestone  typically  exposed  at  Warsaw,  Illinois. 
The  Warsaw  at  that  place,  including  the  lower  40  feet  of  magnesian  limestone 
with  geodes,  fbtmerly  included  in  the  Keokuk,  but  now  1^  the  best  authorities 
placed  in  the  Warsaw,  succeeds  the  Keokuk  as  in  JefTerson  County  [Ken- 
tucky]." Thijs  transfer  of  the  "geode  beds"  to  the  Warsaw  is  further  ex- 
plained by  Weller  (1920a,  97)  as  fellowii:  "As  originally  used,  the  name 
[Warsaw]  was  applied  only  to  beds  which  overlie  the  so-called  '^rioiie  beds' 
of  the  section  at  Keokuk  and  Warsaw,  these  lower  beds  being  included  in 
tile  Keokuk  formation.  More  recent  studies  have  shown  that  the  true  line 
of  demarkation  between  the  Keokuk  and  Warsaw  is  more  properly  at  the  base 
of  the  'geode  bed'  instead  of  at  the  summit  of  it,  and  such  an  emended  defini- 
tion of  the  Warsaw  formation  has  been  accepte<i  by  the  United  States 
Geological  Survey."  On  page  100  (Ibid.)  he  eon«lates  the  Harrodsburg  with 
the  Warsaw  as  thus  enended. 

*  The  tnw  MCthm  to  where  the  Dixie  filshwiv  croMta  JudMh'a  creek,  one  mile  due  ■ouUi 
of  Harredihirg  vlUue. 
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A.  M.  Miller  (1919,  102)  includes  both  the  Harrodsburg  and  Salem  in  the 
Warsaw. 

Description. — The  Warsaw  or  Harrodsburg  limestone  is  a  rather  coarse, 
crinoidal,  crystalline,  fo$:.siliferous,  limestone  from  60  to  90  feet  thick  in 
central  Indiana,  thinning  to  the  northward  and  disappearing  in  Montgomery 
County,  though  beds  in  Fountain  and  Newton  have  aonMtimes  been  correlated 
with  it.  It  contains  some  shale  especially  in  the  lower  part.  The  Crawfords- 
ville  crinoid  beds  belong  in  the  Borden.  Southward  the  formation  becomes 
more  shaly,  espedally  in  tlM  lower  part,  Irat  retains  abovt  tiia  normal  thidmeM 
(60  to  70  feet).  In  the  Louisville  region,  according  to  Butts  (1915,  158)  it 
is  65  to  82  feet  thick.  Siebenthal  (1897,  297)  places  65  feet  of  rock  in  the 
type  section,  whidi  is  as  follows: 


Harrodaburff  typt  aacHon  (desoendins  order)                           Ft.  In. 

Massive  fossiliferous  limestone                                          6  0 

Gray  heavy-bedded  limestone  ...16  0 

Blue  argillaceous  shale  .....*  2  0 

Unestone   0  4 

Chert  ..■«.•.....•■  0  3 

Heavy-bedded  blue  to  gray  crystalline  limestone                       6  0 

Ydlow  ealeareoos  shale  with  geodea                                    1  8 

Fine,  heavy-bedded  blue  eiystalline  Umeatone  11  0 

Flaggy  limestone                                                           1  0 

Gray  argillafl«raa  limestone  0  10 

Calearso-argtlUuieoiis  shale  with  bands  of  limestoiM  and  some 

geodes   18  0 

Heavy  limestone,  weathering  shaly                                         3  0 

Cateareovs  shale  in  bed  of  creek                                         ?  ? 


67*  8 

Beedft  (1915,  199)  gives  a  much  more  detailed  section  north  of  Harrods- 
burg station,  in  whidi  he  finds  96  feet  8  inches  of  HarrodsbarK^,  This  is 
the  best  section  so  far  published. 

Geodes  are  characteristic  of  the  formation,  but  not  confined  to  it,  occur- 
rmg  abnndantly  in  the  upper  part  of  the  Riverside. 

Fauna.  In  r>l«""s.  "i*  »t  Htirrodsburif  and  north  of  Bluominirtun,  the  formation  is  very 
foMillferous,  the  upper  bed  aomctimea  amounting  to  a  veritable  eoquina  of  Brjroioan  frundn. 
The  older  liato  of  foMils  from  the  "Keokuk"  aad  "Buillnctim  mai  KMlmk"  indttde  si>eciea 
not  obtained  from  the  Uarmdalnuv.  and  are  In  other  mpBeto  too  laaccwate  to  be  of  uae. 
A  crfttad  ravlBw  of  Kiedk^s  OS9S,  4«8.4aS)  Itat  tram  th*  "Bttriiwrtoa  nid  KMlnk'*  It  mp- 
pcndedi— *Mw9fMtiw  fra0Bt$  White  and  St.  John  tBttrllncton,  Wuaaw.  Keokakl,  Amiopcfm 
ll<0M  RomiiiKer  [?f],  LUk«&trotion  protiferum  Hall  l^h.  eatuuUiu«  Caatlenau.  (T)  Probablr 
wronjfly  identifle<i],  I'aliariit  ohtu/iit.i  M.  .t  W.  (Keokuk  III  rn  :.  Miiuiouri],  Zo/Jtrentia  curnuroi'ia 
[7?J,  /?.  lialfi  M-E.  &  11.  IWur.sHw.  Ki-okukl.  Z.  nj.rn ■di;<  tu  HhH  {"Z.  daUi],  AbroU>erinus 
ewmoaua  M.  &  C,  .let irturriniw  anatiniii  Tniost  [h'urln niorrinuji  aija**Ui  Hall?l.  Aftinorrinut 
hrvntes  Hall  l^'A.  i«tM>  Hall;  K«okuk  Iowa,  Miaaoori.  lUinoia],  ActinoermitM  evrti/i  Loron  and 
CMMdny  [-iA0wtoo«r«Hii  Mnv<  (L.  *  &)].  Aettmoerhum  9»tomt  M.  *  O.  [CmwfotdwHto]*** 

'  (ir>  fcHt  8  inched.    Sii-bentkal  added  wrong.    See  Beede  I9IS.  p.  188. 
*•  In  tbia  rcviaed  IM  tha  imhm  awd  ty  Kindl*  ia  given  Ant,  with  tht  modern  cqaWalent 
In  bndMla. 

•••The  apMiaa  aiariMd  ICmwCoHnllle]  wc  ftoa  the  criMld  hadi  la  the  Bwta  or 
Kaehelew<  veAa,  sad  an  tt  Bwhilr  agt. 
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A.  t/randU  M.  i  C;.,  .1.  ii«ii/ni/iruji  W.  &  S.  lCr«wfordiivlll»-l .  .4.  naak%riUae  Troont  l=LoboerinuM 
nauhvillar  (H«]l>:  Keokuk.  Illinnif.  1<i«h.  KenturkyI,  1.  |.w  ii..rf«i«uii  Hall  IKwkuk.  Warwiw, 
lllinoia.  etc.).  .XijarimrrintiM  fforlii/i  Miller  tplcndiH*  M.  &  tl..  Crnwfitrd.Hvillfl.  •'■  iniiian- 

«tuit  Miller  |^  1.  r/'/r  ruf<«M  M.  A  G.|.  .(.  mtolM  M.  £  W.  [BurlinKton],  .1.  t>,  Mtavniu  Hall 
1— A.  MtotM  U*ll.  Upper  BurilnKtonJ,  A.  tprimgeri  White  (-/I.  eoretri  U.  ft  C.J.  ^.  luberatuM 
Trooit  (■■4.  «M«r<0aiMM  mh-  tulbtnnu,  Kaoknlc  IHinata,  Iowa.  Tcanenee].  A,  worAeni  Hall 
CKMkttk.  Ia«m.  nUaob],  ADOaertmm  mmmunm  U.  A  W..  [Ciawr«rdwin>|,  Ampktrmerimtu 
vfofMffa  f  Half  r-.t.  vimimiU  Hafl.  Waverfy.  Oblol.  4rHk4MwufaWa  avonm  HaH  tBurflnttan. 

InwB.  Mi>iMiuriI.  1.  I.idiuk  Hall  [Kcokuk,  Illinois.  lu>va.  MiHHi.-.ri  \.  norironili  Hull  IChesterK 
A.  irorlhfni  Hall  |St.  I.i>iii»|.  Barurrinw  U>rmi>i>u.<  M.  *  C.  H.  hirrulitu  M.  &  \V..  | t'rawforil»- 
vlllel.  Harvcrinu*  hovt  ui  Hall  ( Crawfordsville  1 .  H.  maitiiitt  r  Mall  |  Keokuk,  lowjij.  H.  fi<  nfauoMU* 
Worthcn  (Keokuk.  lillnnisj.  S.  i>rtnrr;>«  MilU-r  &  Guriey  (CtawfordHviiie).  ti.  titrrlahilU 
M.  A  W..  (St.  LouiHj.  «.  ntWiatiM  Trooat  IB.  tUttatUM  Hall  ?].  tUllifrr  Miller.  «.  IhimnAh 
Hall  [Kaokak.  lUiaiaiB].  0.  wotMmgtviuMk  M.  A  B9»»frinm»  tqmatu  Hall  IBnrilnston.  Iowa. 
MlMOttril.  B.  mtmatma  Milter  f-JTwrMrfiMM  imnuuhu  (M.  A  G.).  Crawrordavinel.  B.  hHrnrMMhu 
(Hall)  [— Dizwom'Mwi  birwrbtealtw  (Hall).  Keokuk.  IlliixMH.  Iowa.  Mliwouri.  Kentnekyl.  B. 
rmntonenna  Miller  A  (Surley,  B.  cravforHitrillinKi*  Miller  I  IHsuuorrinu*  rratrfordnvOlrmtiU 
(Miller).  Crawf"rt)«vill<-|,  H.  (anlut  Miller  [  r  imu-  'ii/-.,"u.-   (M.  &  <;.i|.  /(    im/nn.  n«i> 

Lyon  and  Oweday  l—Oizyi/orHnut  indianenau  (L.  A  C).  I'lawfordsville).  H.  ^uj-unt/iu  M. 
A  0.  ISce  itfarrurriMUK  junuuhM  (M.  A  G.M.  B.  marinn»  M.  <:  G.  (rrawfordiivillej.  H.  mon- 
tinnri—iii  Worthen  l<aMi««oaniiMa  ai—Cgwitifnyaju  (Wortben).  Crawfordaville] .  0. 
wmhMw  IfadI  CKaakok,  ni.].  B.  pMBw  M.  *  W.  tBurilngton.  Iowa].  B.  p$rifrmU  .Shumani 
I— tataerftma  pyrVaraAi  (SbuaMnU.  Klndnkoalt,  BarlinalaB].  B.  iMwfeaaniMi  (White) 
ItmB.  pnmdi*  W.  *  S..  Crawfenbrlltel.  B.  H*iM  W.  ft  8.  (^IKfwcN^w  mA(M  W.  ft  8.. 

Keokuk  anil  Wnn-HW  (.Suleill)  Ia4lana|.  Cittillorrinus  hradU  m  M.  &  \V.  [ Crawrordsvillel,  C. 
traektiMutht  M.  A:  W.  ( RurllnKtonl.  Cualhurrinaa  arhiir.w  M.  &  \V.  ( rrawfiinUvlllel.  f. 
rraii-iiif(UiHtintii*  .Miller  I  <  rawfunl-villf  | .  ('.  tl,  ntilnrl  i/di.i  I.  A.  c.  |  Sr  utatoerinu*  gorbiii 
Millerl,  <'.  aurleui  Miller.  <'.  harrmi  Miller  |  Crawfoi dsville I .  ' '.  h<  j  0(/a<-<!//ujt  L.  A  C.  l  =  VaM>- 
rrintM  kexadartulus  (I..  &  ('.),  Crawrordnvlllel,  C.  inai>rratuM  I.yon  tCrawfordsvIlle],  ('.  mall^ 
Itntkimtmm  L.  ft  C.  ICrawfonUville],  C.  (vtmw  MUler  ft  Gurtey  ICAwfonbvUle],  C.  foUritm 
M.  ft  W.  [CrawfardwUtl.  C.  aftfrntaa  K.  ft  G„  C.  tumUtOtu  M.  ft  0.  tCnwtordMtlte].  DMo- 
«rimu  <w|WM«iw  M.  ft  W.  pol»i<wMM  L.  ft  C.  Crawfordsvllle].  O.  jteM  L.  ft  C.  [Craw- 

fordavillel .  Diekofriniu  linealtu  M.  A  W.  fBurliiikton],  P.  Tulpttu  L.  ft  C.  |»D.  ottiaftM 
W.  A  S  .  St  I  .u.i^l,  /'  nr/ij./i  r  .Shuruard  j  Talnrnirinua  limplir  (Shumardl,  WarsHW;  SaleraJ, 
U.  ttrtaliu  (J.  &  .S.  I  Burlink-tDn).  I>.  ulrirhi  M.  &  G.,  PitlaUirrintiJi  hradlrm  \—llaly»ux-riniia 
tratffyi  M.  A  W.,  CrawfordBvillcj.  A;rrrmr>rr>niM  adultwi  W.  &  S.  (  /'ui((f»rriMiM  ariiriaariiM 
Mr.  oimUnM  W.  A  8. J.  £.  tiil«rM«4itH  W.  A  S..  £.  rama^oaiM  Hail  [Keokuk.  Illinois.  TcniwaaM]. 
Ik.  proeirravii  Millar,  Jg>ftiaa|wria  |TMa  b  •  tmia  «f  Bryotoa],  Fcthni»erh»m  tpariaMia 
{—r.  MiilMbfiacaiMiw  Ik  ft  a.  CrawfMrdvrilte  and  itoawliere  pnbaUy  in  tb*  Bordaa].  F. 
tMNkteflMMuft  H.  A  G..  F.  wortkmi  Hall  rCrawfonlsvinvl.  OomiatXmUtntrlnma  tvammmm 

M.  A  C.  ['^CUhertHorrinHK  lionanuf  ( M.  *  (',.)  Criiu  ^.rd^vilIe  t.  G.  tuhrroHun  I,.  &  C.  |  —  GB* 
feertaoerinUJi  («/;<  rrKMH  (I..  &  C.  i.  Crawfordsvillnl.  f;ra»o/<»i  niiMJ<  Jicuit  I  V  "  1  '»'.  i/ranuiaaiM  M. 
A  W.  I-  .'^'■/i .  .•"'./(ih'<i-.  ,(itiii»;ij««j<  (M.  X-  W.I.  K<<ikul,.  Illitioi^tl.  ru.Miffi/i  (».  S.  IHurlinif- 
tonl.  (traphiurrinuK  witfh/itituthi  M.  A  \V.  1  UurlinkTtiin  I.  IrhthtntrrinUJt  dark*  nutn  M.  &  G.. 
l^pidrtthe*  roiUtli  White.  /,.  rurrni  M.  ft  W.  [rrawforiNvillel,  .We/o«ifr»  fMuifiz-uPMH  O.  &  N. 
[St.  Lottls).  OUpajwma  ilaM*  U.  A  W.  IKcokak.  lUinoia.  Iowa.  Miawmri).  O.  nottUia  M.  A  W. 
(BttHhwlBM  aad  Kaokok.  Dltaolal.  OUacriaNa  ia*«ra«a«  L.  ft  C.  [— GflkarlaMrfaaa  lakaraiw 
(L.  A  O.  «.  V.I.  Oayekaal«r  ftexaia  M.  ft  W.  (Crawfordcvillcl.  Oafckarrfaaa  ceNtoaeaato 
Milter  ft  Gariey  {"O.  ^riekt  M.  A  G.l.  O.  tmndpttu  L.  ft  C.  ICittWfatdawnicl.  O.  pmrvua 
M  A  C  |(  h<si,-r|.  ()  .<irru/;..>i>.«  I  A  C.  [Cia«fard«villr|.  O.  alnV/ii  IC,  ft  Ck  ICrawfnrdKvillel. 
I'atiautt  r  ei-n  M  ixrrf.. i  )V/<  »i.-<i.»  Miller  |  Crnwfordiivlllel.  I'rntit  miUi)  buriinotnnrnMiji  M.  &  W. 
(Burlinirton  I .  /'.  Canoitl'u^  Hull  I.Siileml.  P.  )»»r«Frii/i<ifu»  Hall  [.Wffafcla**!/^  hiiuraviiAatm  '\. 
V.  H-oriktni  Hall  1  ^.Ifr(a6(a«eiu  teorthcni  (HallK  Cravrfordsvillel,  PiaturriHuit  bonoin»i» 
White.  /'.  tiUeoidtna  O.  ft  8.  CBurllnctonl.  P.  kaOi  Skamard  [Barlinstan].  P.  krmiaphrricM» 
M.  ft  W.  ICiawfardavUtol.  P.  ludentu  M.  ft  W.  (P.  ipdbaafa  H.  ft  W..  Cayabosa  of  Ohio|. 
P.  plmmu  O.  ft  8.  rBarilnaton  and  Kaokak).  P.  vcnMH  O.  ft  8.  tBarilnttoal.  PbtortMrfaat 
aaiwaw*  Miller  (Cra»rord«vllle].  P.  mnmtmt  Miller  A  Gurley.  P.  hiMttti  Worthen  {^Seiitmto- 
trimtui  bimelli  (Win them  Cheaterl.  P.  ramtontnniii  Miller  &  Gurley.  cirrumtrrtiui  M.  A  G. 
(Crawfordnvillel ,   /'  npu-    M.  &   \V.   |  -  lVfH>fi«rn'HM»  ronrinriii...   (  i  .lufiird-iville  1 ,   /'.  rori  wi 

Worthen  l^Srutalfimnn^  matidin  W.  &  S..  Crawfindsvillel.  /'.  rurniiharu»  Miller  ( Criiwfiirdn- 
villej,  P.  erawfoTdavilli  nmii  M.  &  C.  [Crawfordaville I ,  I',  dii-rtutu*  M.  A  W.  \  ^l>eradorrtnuM 
daprcwtM  M.  A  W..  CrawfordavUtel,  P.  tfaartailM  HaU  [Wanaw],  P.  ffOMmi  White  [Craw. 

U— 20S4I 
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todOTUel.  f*.  «ir«Hfto  W.  *  8.  [-Ssirtafawrtiiiu  gnmik  W.  *  &  CimwroHnllle].  F.  grmntimem 
M.  A  G.  [Crttwferdmrllla],  P.  «iirfe«f  White  l^Sempkieerkim  awrtegi  WUte.  Oawfontovllto]. 
J*,  kavepi  l^BaritrrimuM  kvpcfii  q.  v.),  P.  frnfi'mriMH  M.  A  W.  fofiirvtatiimaiM  fMrfteii«ii«M 

(M.  A  W.).  fmwfordtvillcl,  P.  nixtnhrarhinlMii  <Hh)I)  |  — .Vrn/Aior rinMjt  nodobrarhial h*  Hull, 
Cmwfordfivillcl,  /'.  /n  « •■iUi;orn'ui  Woithon  |  — /'<  rnrffcrrtniM  iM  nritliformiD  (Worthon),  Kmkuk. 
Illinoiiil,  /'.  rohuMtHx  (Hall)  I Srnlnturrinu.^  r-jhiiilus  <llalll.  Crawfiirclsvillcl.  /'.  nuharqHotit 
W.  &  S.  |.SVo|(hi«r;ni«w  ar^iHalim  '1,  Kiihrai.iUKHa  M.  &  (•.  (Cr«wfnri|svilli- 1 .  I',  uniruji  (HlUI) 
l^SraiihiocrinuM  untcmi  U>U.  Crawfoi-dovillel.  P.  vervt  M.  *  G.  iC'rawroixlxvillcJ.  Protaster 
9TtB*rkm  M.  *  W.  l->4««Mut<r  grtg^ritm  IH.  A  W.)  CimwfordavUlel.  Shvtacrinu*  henedleti 
MOIer.  Stupklterhum  M«iMUt  ffall.  [CniwfardwiUtl.  &  ■rrwam  M.  A  O..  hfOtu  M.  A  O.. 
5.  6»iHinMut  11.  A  5.  emrryi  M.  A  W.  [Oimwfordnvlllel.  S.  Hrctulartgliui  l=Srtitaloertnm$ 
rfmNtor(|rfiw  (M.  A  W.).  Keokuk.  IllinoUt.  Hritrrmu*  M.  ft  W.  1  »/>< riuforrrnu*  di  prrttum 
(M.  A  W.).  Cl-awf.inl>villi'l.  .S".  ilii-iiariliM  M.  &  |  < 'm  w  (<ri  <|<villi- 1 .  ijiI'duhi  White  K'ruw- 
fonblvUlel,  S.  uurli  >i,  Whito  ICniw  fonisvilld.  S.  u/anu/ir.  r«jt  M.  &  (;.  |  ("i  awforilKvillel.  S. 
grawMeuM  M.  &  C.  |rri«wfoi<Nvill(  l.  S  )ar«r«i»H)(  M.  *  O..  .S".  /wotii  Milkr  |('i«wford!«vilU-|. 
5.  iiMiitf«nnM  Miller,  &  mamu  H.  A  G.  ICnkwfordaviUej.  S.  tuMfobrockialiM  Hall  ICrawforda- 
■viNtJ.  S,  prtmfunm  rtiNVtii*  M.  A  G«  S.  rabiMfM  Hall  \.mtSmUheri»m  nbmlm 

dteU),  Crawfordm^l.  5.  wijnw  HaH  ICnwfMtovfflt],  SlegMacrtow  ftmniirti  MINer. 
SmftatkorrAiaa  rdhwtiw  Shumand.  S.  ••eoVoppt  Rail  Itft.  LouIb.  Keolnikl.  8.  ir«r«kr«i  Hall 

(BurillUrtonl.  T'oxtXTiDHif  rotl-  tii  M.  ^  ('>.  [rinwrfiiil^villrl.  TiixtirrinuH  riairforHnvill^  ii<<i-  M. 
A  C.  [— /'ai-|>Affci(oi-;-in«.<  rra  niorii.triltrn^in  ( M.  &  G.)|.  7".  timki  Mall  [  - /'anVhjA  wk  riiii(» 
m<<Ai  (Hnlli.  Keokuk.  Iowa.  lllni>i>l.  7'.  iniillihi'trhitttuM  (I,,  ft  C.i  |  — /•■<irh< mWi i«ei«  multi- 
brarhialu*  U  &  C.  C'i-MwforiUvilli-|,  T.  rautulotux  (Hall)  |  Burlington  |.  7*.  nHuniardianu*  Hall 
[St.  I^uisl.  T.  untfufa  M.  &  C.  (CrawfentevlUel.  T.  tubortttui  M.  &  G.  [=PaWr*t*wwrniw 
amhoratu*  (M.  A  C.)l.  T.  aplmdtma  II.  A  O,  I»r.  r<illrMi  M.  A  G..  Crawrorrfaville.  Tkr  flaoat 
•bandaat  apagles  at  CrawrordirlHe}.  rrooafa«T{M«a  Imrara*  (Shumard)  {wmftelablaHwt  HnratmM 
(SInunard).  Bu^linK^ln.  Iowa.  Iltinois.  MiH-iouri|.  T.  nilidtiluK  M.  K  C.  \  ^yt<  lahtantun  nitidultu 
fM.  A  O.)  St,  Louis],  VoMcrinmi  tyimi  Hall  |«=V'.  h<  jadaci  ylun  <  L.  &  C.i.  Crnwfc«r(li»villr|. 
/•  (in  iitmi  (/<ir(  I  I  M.  K'  (i.    |("heKtci  |.  Z.  daliiun  M.  &  G..  /?.   ranttmun  Hall    I      U  <»/i(..r;  i>in* 

ramMxiw  (lIuHi.  liui liriKtoii,  Iiiwnl.  uri/cmrnK/*  M.  A  G.,  rrooxdanu;!  M.  &  W.  I  =  HiWo- 
rriMiM  f ruimrdnHH  I M.  &  W.).  Burlinirton,  Illlnol!!.  luwal,  .Ircfct'riiitffH  oH-fnaMus  (Hall).  A. 
rnttntu  Hall  1=^.  wortkwi  (Hall),  WaruwJ.  CUadiHy  ulmrioam  Mall  [not  a  Bryocoanl. 
C.  mtkri  Han  [aot  a  BqrMoan],  Caaehuum  matrriwm  Praot  (wmPmhOipan  atena  CPnntl, 
Xaokak,  OHnolal.  C  degmm  Prawt  l^Gluptapmm  WromM  (Proutl.  Wamaw.  IIIImIi  llliM«rl]. 
C.  «MfcaraMf«  [C  MrikM-raar  ^,  not  reeoKnIiaUcl.  C.  miekelima  Trout  I  =<;i>ii>loi>ora  miektHnfa 
(Pnmt).  Wui^rtwl,  C.  iri>ilh<  ii\  I'roiil  ISciirrcly  i  ir<>vmlia)>l«' | .  />t<-f  i/o/i/l  ufon  ruHfdriruiti  Whltf. 
(Not  a  Bry<iz<ian  I.  h'rh  midirl -la  <  rn  n/i  im  Hnll  (not  n  Kry<i7.<iati  I .  Krorf  mo/K>ro  iirantiin  M.  A 
W.  I Uui liiiutnri.  Io»»|.  a;,  mrradiata  M.  A  W.  [Hurllnwton.  Iowa],  fVurjfrl/o  diiirala  Meek 
(Wavrrly.  Ohio|.  aAiimardi  Frout  (Penn*ylvanian  of  New  Mcxieol.  Lurodietitm  rominucri 
Hall  I  not  a  Bryamnl,  PkrmgmoUHmt  eatfllf/annw  (WUtflcMl  [Not  a  Bryoioan].  P.  patrUi- 
/armlM  Hall  (not  a  Brymoaal.  Pkjmapmitkt  AawMai  Whltf.  [not  n  Bnroaoanl.  (The  ahova 
five  ipadM  of  aitontna  are  all  from  Crawfenlvajllel.  Primuapora  wrral*  (Meek)  [Cheater]. 
PHIepora  Jtranti  Hall  (Wamawl.  StirtoiMira  rarhoHanVi  Mts'k  |  Cmv' <rfir(fi<i  rarbonaria  (Meek). 
Penn«)rlvan!an1,  .Mhvrin  lamrltoMa  (rKvcillo*  IKinili'thiMik.  Uui  lin-,rlj.r..  Kwkukl,  .1.  ro|wai' 
rEvcilli'    I  iii>t   nn   Amcriran   siiffir!*.     S«'  <'.'rii/*i    c/i  mi  ShiiIIiiuI.    .1.    H]ihl,i,,n  ll'mft  Hall 

l  =  ('Ji<>(>ii/rirfiMa  xubnifK  1/ujia  (Hall)  St.  (Jcnrvicve  and  thPNtc-rl.  Cii  iini<  .ijp/im  n(  <uljf  rii/ona 
(M.  A  W.)  [—Trtracamira  »ttbtrigona  (M.  &  W.)  Kvokuk).  Chonitm  loijani  N.  &  V.  l^f.  iili- 
itoiaetuia  Worthen,  Burliaatoa,  Keokuk],  C.  irfanamboaaa  IL  A  W.  lUppcr  Kcokukl.  Dtrby* 
nwiHMB  Hall  A  Clarke  lm.Strept»rhimrlHu  nwhtotum  (H.  A  C).  Salem.  St.  Lonlal.  Lhtftlm 
erawfordMvUletuiM  [■■/>iVlaemo  Klr<nitta  Wellcr.  Keokuk.  Salvm],  indiannuia  M.  A  G.  [Cn«- 
rordavniel.  Orlkia  rfMbia  Hall  \  lihiiiidattirlla  rfuhia  (Hall),  Ki-nkuk.  WarMw.  Saleml.  Orlhia 
k<„kuk  Hall  I  1 1,  ihulh- t.  ..;.„Ar  (Hall),  Kcokukl.  O.  ir.ir)it/i<r,  1  i:v(j!li  |niit  »ri  .VnuTican 
fpecies.  St-t-  Ithi I'Miiittu  iin  HI  H.  A  C.  New  Providene*'  %h»U  i.  I'ri>riurlu»  attti  natu»  N.  &  P. 
ImmSrkintironrhwi    allt  rnalut     (N.    A    P.).    Burlinirton    to    ChfutiT I .    /'.    hurlinutoncntit  Hall 

IBurlingtonl.  /'.  rare  d'OrUirny  [not  an  American  epcck*.  The  forma  referred  by  varkiut 
American  authors  to  P.  eara  eompriae  a  emnideraUe  aection  of  the  icentte  Fniiutwi  as  at 
present  eonatilated.].  P.  flrmingi  Sowerby  [not  an  American  ■pedce.  Several  Amerkaa  apedce 
have  boaa  referred  to  thie  form.1.  P.  keokmk  Hall  f<^P.  vfmlmaUt  White.  BnrllnRtmi  ami 
Keokak].  P.  wovntu  M.  A  \V.  [uppor  Ki'okiikl.  p.  nit  nialiti  Hall  I  Keokuk],  P.  puHrlalu*  Martin 
[not  an  American  "ixfic*!.  /'.  m  win  f i«  i(/nhi*  Mnrttii  !n<it  an  Ann  rlcnn  ••pcclcM.  Si'o  ispceially 
/'.  iiini.i<i;<«  Whitr.  /'.  ftn/n'i'*  Hall,  ami  P.  rii:  I  u  >-  W  inihcll  1 ,  /'  '  u'  i  ms  Hull  |  Craw, 
fardavillcj.  /'.  wortheni  Hall  [Keokuk],  MitnukoneUa  mutata  Hall  l  =  t amarottxekia  multUa 


Digitized  by  Go 


Hand  Book  of  Indiana  Geology 


499 


(Hall).  Salem),  H.  iii»briiM«o/o  Hall  \  —Tt  traramcra  fubrunrata  (](nll>.  Salvml.  ,S";iin7>  r  rarh  ri 
Meek  l^SvrnniothrU  trxlus  Hall.  Borden  I,  ruiii>iiialu»  Mtfk  l=^Siirinaotkuri»  tfinu  f], 
8vMt«t  trhtmt  Hall  [Buriiiurtonl.  5.  keokuk  Hall  [Keokuk],  S.  lateralit  Hall  (WarMW  Mid 
tUcnl.  8.  Hmeatm  lUrtln  (nat  an  Anwrican  stMclM].  S.  logmni  HaU  IKcokuk].  S.  m«rt«Mnm 
Mfllcr  [Crawfei^llicl.  S.  mrpleetm  Hall  (»5p<rt7mlte  negUetm  (Hall).  KMhakl.  SpMfrr 
plmuM  Hall  I'mSpirifrrrHa  ;>/<  no  (Hall).  BarlinKtonl.  .s'.  pKi  uHolin,  ,ihii  Hall  |  =/7rfi>iifaria 
jitrudolinaita  (Hall),  Kt-okukl,  ,S.  nAorhieularU  Hall  \  -lfrarlnith>iii.y  nuborhieutarU  Hall. 
Builink:t<in  ami  Kciikukl.  ulnatuit  Maitin  Inot  nn  Ahhin.iii  -i.i-.k-  \'iiiMiu->  ■>  <  m  -  have 
been    lefrrrptl   In    thi'*    form.!.    SIrt  ptfrhirnrkin    ri  <  in    rhilliii-    ISi'.tinl    foini-    hiivi-  hi-cn 

refcrrwl  to  thin  European  hihtIi's.  Sco  Orthothilta  l.tokuk  ( Hall  i .  .S( i i-untitam 
(CumlnK»).  «t«.].  StrepMtwnehua  kfokmk  HaU  [— OrtAotkftea  keokuk  (Hall),  Keoknkl.  S. 
jMeljiMMiMt  Hall  («Ortholk«(f«  ehnasNtfrnafa  (HaU).  a  Omniaii  apcdMl.  StrmAowna 
rfcawbaWaffa  «(  nothara  l—A^jtlariMi  anafeim  (PhlliiiM)  Md  1^  emwMi  Wdler.  Kinderhook 
and  BurltnirtAnT.  TrrehratiOa  aorhyi  Milter  rConinionly  referivd  to  J)Ma»ma.    Set  P.  tinumla 

Wcller.  Miller's  lyi'<'  ih  a  f"i  itiiricms  »|uTlr>l.  Ti  nhiat  ula  hni'inia  Sowcrhy  [  IHilnxMa  hnridt  nt 
of  Amfriran  authnii.  I'mnHvlvanianl.  T.  inom^ta  McChi-incy  1 1'mixylvMiimn).  7".  mrruluji 
Mnrliii  \  ~l>nla»ina  tarrulu*  <MHi-tlnl,  ('iirln>nif«T<iU!t  i>f  Ntiva  Srotiaj.  .  I  i»ru'«/M  r/.  ii  amiiliis 
M.  &  W.  IKi'okuk.  IllinoU],  .1.  eolUtti  Worthvn  ICrawrni^villc).  ,t.  inrfraH>  hoio  M.  &  W. 
ICrawrortlxvilk],  ,t.  obUmfpia  (M.  *  W.)  (Wanww.  Ill.l.  A.  icinektUi  Meek  [m^Crfniprrten 
mmeluUi  (Meek).  Wavcrly].  Ctmeemrifum  iniimnnue  Miller  ICrawfordavUlal,  CvjtmarMla 
■Hflfate  Hall  t^Mi€riidim  nueieaU  IHaU).  Salcml.  tMkmpka0»  HrngtmUt  M.  *  W.  I'mL. 
OimkntMia  Worthen.  Crawrordiivillrl.  MonoUa  gngariu  U.  A  W.  rPtfiMytvanlaal.  MgoHma 
keokuk  Worthen  [Keokuk.  Iowa.  Illlnni*.  MImiouHI.  iHnna  nub* f ft ulata  Worthen  IWanwwI. 
SaniiuinMilt  K  iiialliKlriitlus  Worthen  |  Crnvi  foi  lUvillc  I .  IlinlnHitm  ji.  jikii  lum  Hull  (\Vnr^.i«M;. 
I),  ininii-t'um  |  ?''|.  /{rUrrophtm  KuhlaiviA  Hull  [WnrMtw,  Sal«m.  Si.  (^(UIh!.  Caijulut  tiiuitatfralis 
(Hnll)  irrawfonltviU.-l.  ('.  infupilihulHm  M.  A  W.  I -^IfMrrO*  itabulocrinu*  (Owen).  Oaw- 
rord**iU«].  C.  tulc4itinu»  Kcyea  (CrawronUvviltel,  PMuerrat  rgtulater^m  (Halll  [■■CajNiliM 
t^Matm/mKu  (Haiti  Kaokakl,  P.  fuwrUum  Hall  [»f«amiw  JfamrdfaMi  CHall).  BtfriinRtm 
and  Kaohukl.  P.  ht/mUMmm  (>«/«Mvr«a  ]NibiilMrf«M|.  P.  mmnm  M.  *  W.  {i-OrtkMivhta 
atutinattr  (Halll,  Keoknk  to  St.  Loufal.  PUurolamaria  aftamardi  M.**  W.  [Waraawl. 
('oHiUaria  <Tn"  '''>rf/«i  i'f/<  ri»/i  R.  Owi-n  I  Ci n wfrn il»v illr | .  ('.  Ittli  rti  rta  Miller.  C.  niilirarliimnria 
M.  &  W.  [Keukuk.  Illinnix.  Mis.H4iuri|.  Orthort  ra»  i  xfiamtum  M.  *  W.  [St.  I^mln','1.  Sir,  /itinliiiruA 
indianrnKtm  Miller  \  -NoHtiluM  indianmaia  (HlUer)!.  Pkillip»ia  hufo  (.M.  &  \V.>  [  —  Crifjithitli* 
bm/o  M.  &  CrawfordavilIcK  mrrmmtmuia  Shumanl  (Keokuk  to  Cheater],  /'.  portioeki 
M.  A  W,.  (Kcokak.  IlliiMli.  I«wa.  MiaMHiril.  Mtenrmrk  atrhvi  mOn. 

Meramecian.  Sdhni. —  (Oolitic  limestone,  Warsaw,  St.  Loins,  Middle  lime- 
Btone  (part),  Spergen  bed,  Spcr>ren,  Bedford,  Bedford  oolitic  limestone,  Indi- 
ana oolite,  White  River  limestone,  Salem  stone,  etc.)  An  entirely  unnecessary 
amount  of  confusion  has  ari.sen  in  re^urd  to  the  gwdo^c  name  of  thia  famous 
building  stone  of  Indiana.  Being  an  important  quarry  rock,  many  trade 
names,  such  Bedford  stone.  White  Kiver  stone,  Salem  stone,  Bioomington 
atone,        have  been  applied  to  it.  On  the  other  hand  the  famoua  fossil  bed 

at  Spcrsren's  (or  Spurgeon's)  hill,  noai'  .Salem,  rarly  brramc  known  to  col- 
lectors as  the  "Spergen  Hill  Bed."  (So,  for  example,  Lyon  lUtiU,  619;  Whit- 
Held  1882.  42-49;  H.  S.  Williams  1900,  848;  Weller  1898,  818;  Meek  1878, 
.383;  Collett  1870,  272,  i-tc.)  Hall,  however,  who  described  th^'  fauna  nsr,(^, 
1-36;  18S3,  319-375)  from  the  "Spergen  fossil  bed"  correlated  the  formation 
with  the  Warsaw  of  Illinois,  and  it  came  thereafter  to  be  known  as  the  War- 
.saw.  Worthen  (1866,  el.  neq.)  discarded  the  name  Warsaw,  placing  the  forma- 
tion in  the  St.  Louis,  and  Indiana  geologists  influenced  by  this  arrangement  of 
the  Subcarboniferous  rocks,  thereafter  came  to  speak  of  the  Sperj^en  fossil  bed 
as  8t  Louib.  During  no  part  of  this  period  down  to  1897  was  there  any  definite 
proposiil  of  Spergen  or  any  other  local  name  as  a  formation  name  nor  any 
usage  of  the  name  in  that  sen.se.  In  1897  Hopkins  and  Siebenthal  (18U7,  289- 
427)  publiriied  an  dahorate  aeeoimt  of  the  Indiana  oSlitlc  limestone  and  quarry 
inrlustry,  and  in  accordance  with  their  cu.-;tom  of  sut'k'f.^tinir  local  names  for 
the  Indiana  formations,  proposed  to  call  this  rock  the  Bedford  limestone  or 


Fig.  Upper  loft,  St.   Louia,  McCormick's  (itiruc.  Spencer,  Indinnii.    l'i<i>i'r  risht,  Sainn 

Hmt'itonc.  nr«r  RliM>mlnKt<in.  lA>wvt  U-ft.  Snlcm  limintonr.  nvnr  Victor.  Lower  right, 
Harrodeburir  limvatonc,  near  UBrrodabum,  Indiana. 
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Bedford  oolUie  llmcstoncB  tnm  Bcdfocd,  Lawrence  County,  Indiana,  where 
the  most  extensive  quarried  arc  located.  This  name  was  used  in  subsequent 
Indiana  reports  during  Mr.  Blatchley's  inctunbeney  as  State  Geologist,  as 
well  as  in  various  reports  and  Bulletins  of  the  U.  S.  Geological  Survey.  Tkia 
was  the  first  local  name  definitely  propo$;cd  and  used  as  a  geologic  formation 
name  for  this  rock.  It  had  been  used  long  before  as  a  trade  name;  and  ovpn  as 
a  geologic  name  by  Elrod  (1876.  20'J).  Unfortunately  this  same  name  Bed- 
ford, from  Bedford,  Ohio,  near  Cleveland,  Imd  been  deflnltdy  proposed  by 
Newberry  in  1871  for  the  well  known  shale  just  bdow  tile  Berea  sandatone 
of  Ohio  (1871,  22)  and  has  been  so  used  by  the  Ohio  sarvey  ever  sinee. 

In  1900  Profesaor  C.  S.  Prosser,  who  waa  studying  the  Miseissippian  and 
Hovonian  rocks  of  Ohio,  wrote  to  the  author  of  the  present  report  that  the 
Indiana  name  Bedford  would  Iiave  to  yield  to  the  Ohio  i\ame,  and  suggested 
that  the  writer  propose  a  new  name  for  the  Indiana  formation.  The  writer 
thereupon  (1901a,  232-233)  proposed,  and  carefully  defined,  the  name  SttUtif 
Hmtstone,  takinfr  the  name  from  the  well  known  town  of  Salem  in  Washingfton 
Coun^,  Indiana,  a  place  famous  in  the  early  days  for  its  quarries  in  the 
oolitic  limestone,  and  the  nearest  town  of  importance  to  the  Spergen  fossil  bed. 
The  name  Sperpm  was  considered  and  dismissed  by  the  writer  on  account 
of  the  small  thickness  and  non-typical  lithologic  character  of  the  Spergen 
Hill  outcrop,  and  the  fact  that  the  name  Spergen  Hill  is  entirely  forgotten 
even  by  the  pe<q;»le  of  that  locality,  and  does  not  occur  on  any  map  of  the 
region.  In  the  same  number  of  the  Journal  of  Cieology  with  the  writer's  pro- 
posal, statements  were  published  by  Prosser,  Siebentiial  and  Dr.  T.  C.  Cham- 
berlain on  the  name  of  this  formation  and  the  general  principles  of  geologic 
ncmienclature. 

In  1905  (1905,  19-20)  Prosser  again  discussed  the  name  of  the  Bedford 

shale  of  Ohio  and  quoted  a  decision  of  the  Committee  on  Geolo^c  Names  of 
the  United  States  Geological  Survey  as  follows:  "(D  That  Bedford  rock 
was  used  by  Owen  in  1862  in  a  Report  of  Geological  Reconnaisance  of  Indiana 
1869-60,  p.  137,  but  the  usage  is  so  indeAnite  as  not  to  constitr^te  a  pre- 
Wnption  of  the  tei-m  for  stratipraphic  purposes  (2)  Bedford  shale  is  a  term 
first  employed  by  Newberry  in  Ohio  Geotoyicid  i>urvey  Report  of  ProgreMt, 
ttt9,  p.  81  and  this  usi^  should  stand.  Furthermore  It  is  understood  hsre 
that  Mr.  Cuming  has  recently  proposed  to  drop  the  name  Bedford  limestone  ' 
of  Indiami,  and  substitute  for  it  Salem  limestone.** 

In  spite  of  this  clear  and  explicit  proposal  and  deAnition  of  the  name 
Salem  in  1901,  and  the  implied  acceptance  r  t  m  name  by  the  Connmittee 
on  Geologic  names  of  the  United  States  Geological  Survey,  as  above  quoted, 
and  in  spite  of  the  fact  that  there  was  no  prior  definite  proposal  or  usage 
of  any  other  name  for  this  foiTUation  except  Bedford,  Mr.  Ulrich  In  1904 
(lltOl,  90,  chart)  substituted  the  name  "Spergen  Hill"  as  the  name  of  this 
formation  without  comment  or  explanation.  The  following  year  he  again 
used  "Spergen'*,  stating:  "As  this  name  [Bedford]  has  been  constantiy  used 
for  another  formation  in  Ohio  since  1871,  Cuminp-s  rejects  'Bedford'  and 
p -eposes  'Salem'  instead.  However,  both  of  these  names  are  objectionable  as 
formation  names,  for  they  are  widely  employed  as  trade  names  of  quarried 
.  tone."  It  may  be  submitted  that  if  geologic  formation  names  are  to  be 
1  ejected  on  this  basis  a  general  overhauling  of  geologic  nomenclature  will  be 
necessary,  and  such  names  as  Potsdam,  Medina,  Niagara,  Laurel,  Silver 
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Creek,  St.  Louiii,  Columbus,  Berea,  Sharon,  Dakota,  etc.,  etc.,  to  mention 
a  few  only,  will  have  to  be  diMarded.  It  may  also  be  remarked  further  that 
Salem  is  not  and  nnvor  has  bp<'n  widely  used  as  a  trade  name. 

In  J.i>06  Cumings,  Beede,  vl  lU.  called  attention  to  Mr.  Ulrich's  unwar- 
ranted use  of  the  name  Spergen  (1906a,  1189) ;  and  Wdler  <190i8,  82)  char- 
acterized  !Mrirh'.<!  substitution  of  the  name  Sperpren  a.s  "wholly  unwarranted." 

Nevertheless  the  U.  S.  Sui-vey,  reversing  its  1901  decisiion,  has  apparently 
adopted  this  name:  and  in  recent  pvblications  (Butts  1915,  164;  1918,  82^), 
evidently  realizing  the  flimsy  pretext  on  which  the  name  Spergen  was  proposed, 
has  attempted  to  justify  the  name  by  quoting  prior  usage. 

It  may  not  be  out  of  place,  therefore,  to  review  this  part  of  the  case 
also.  The  usages  fjuoted  arc  Lyon,  ISGO,  Sicbi  iithal,  1897,  Weller  1898,  and 
H.  S.  Williams  1!»(M>.  Sidney  l.yon  (18<)n.  r.TJ  iK.M)  jrives  a  section  and  de- 
scription of  the  "Subcarboniferou.s"  rocks  of  Kentucky  in  which  occurs  the 
following  statement  (p.  619)  in  a  paragraph  headed  "o.  Middle  of  the  Car- 
boviferouK  Lime nt one.—  ":  "About  one  hundred  and  pijrhty  fe<^t  above  the  base 
of  o  lies  the  equivalent  of  the  'Spur^en's  Hill'  beds  of  Washington  County, 
Indiana,  which  Professor  James  Hall  considers  the  equivalent  of  the  beds  at 
Warsaw,  the  beds  above  Alton,  Illinois,  and  those  near  Bloomincrton,  Indiana." 
If  this  is  to  be  regarded  as  a  proposal  of  "Spergen"  as  a  geologic  formation 
name,  a  second  general  overhauling  of  geologic  nomenclature  will  be  neces- 
saiy  with  this  precedent  in  mind.  The  Siebenthal  usage  of  1897  is  as  follows 
(1897.  2U8) :  "By  other  writers  it  has  previously  been  called  Bedford  atone 
.  .  .  Spergen  Hill  limestone,"  etc.  Since  Siebenthal  himself  proposed  the 
name  Bedfoid.  he  evidently  did  not  i-egard  Spergen  as  a  prior  name,  and 
certainly  cannot  bo  <|unted  an  arthority  for  the  use  of  a  name  which  he 
specifically  refused  to  u.se.  Weller  in  181)8  (18!>8,  .{l^J)  says  "One  of  the  best 
known  of  the  St.  Louis  faunas  is  that  of  the  Spergen  Hill  beds  of  Indiana." 
In  1908,  as  above  quoted,  he  characterized  Ulrich's  use  of  Sperpen  a>  "wholly 
unwarranted,"  and  him.self  (as  also  in  1!>14)  used  i;alem.  H.  S.  Williams 
1900,  848)  says  **As  has  already  been  announced,*  the  age  of  the  Spring  Creek 
limestone  (of  Arkansas]  is  about  eqi  ivalent  tn  thn  Warsaw.  St.  I.ouis  or 
Spergen  Hill  formations."  This  is  merely  a  repetition  of  the  familiar  usage 
initiated  by  James  Hall,  as  is  indicated  further  by  the  fact  that  Weller,  who 

collaborated  with  Professor  Williams  on  the  Arkansas  report,  does  not,  n< 
indicated  by  his  statements  quoted  above,  regard  Williams'  usage  as  a  formal 
proposal  of  the  name. 

In  view  of  the  above,  and  of  Weller's  emphatic  statements  of  1908  and 
1914,**  one  is  led  to  wonder  for  what  reasons  the  latter  eminent  authority 
on  the  Mississippian  has,  in  his  1920  papers,  abandoned  the  name  Salem.  If 
a  geologic  name  cannot  be  said  to  have  been  "proposed"  until  it  has  been 
twice  passed  on  by  the  Committee  on  Geolojric  nanvs  of  the  U.  S.  Geological 
Survey,  it  i»  high  time  American  geologists  were  apprised  of  this  rule.  The 
name  Salem  timt»tone  is  the  name  officially  adopted  by  the  Indiana  Geological 

Sur\^ey  for  this  formation. 

The  Salem  limestone  was  correlated  with  the  Warsaw  by  Hall  (1856, 
4-84)  and  called  Warsaw  by  Collett  (1876,  315-S17;  1879,  272):  Gorby  (1886, 
124,  i:?fi-Mfi);  Klrod  (1899,  :?.i8-2r.O)  ;  Hopkins  (1904,  17).  and  other  freolo- 
gists;  but  by  Worthen  (18(;r»,  etc.)  was  placed  in  the  St.  Louis  division.  The 

•  Am.  Jour.  Sci.  Sci.  ;l.  Vol.  XMX,  im'.  tM-lt7.  ISM. 

WcUcr  (1914,  80).  aays  "OimiinK*s  imim  dcsriy  hM  priRrity." 
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term  oolitic  limestone,  customarily  applied  to  this  rock  (though  strictly  speak- 
ing a  misnomer),  was  at  first  used  by  Owen  (1837)  for  all  the  limestones 
of  the  Mississippian,  but  uftprwiii-rls  restricted  (ISSy)  to  the  quarry  mck.  It 
is  not  in  reality  an  oolite,  though  the  abundance  of  small  o^tracoiis  and 
fmraminifera  givca  it  the  appearance  of  an  oSltte.  Occasionally  true  oSlite 
trvnin-  are  present  and  the  name  "oulitic  limestone"  or  "Indiana  Oolite" 
(Ulatchley  1908,  307)  is  an  appropriate  enough  trade  name,  but  cannot  have 
any  standing  as  a  gcoloinc  name.  Weller's  work  in  Illinois  (1908,  81-102) 
has  shown  emwlusively  that  thi.-^  formation  is  di.sfinct  from  the  typiral  Warsaw 
and  emstitntes  a  division  of  the  Mississippian  of  cognate  rank  with  the 
Keokuk,  Warsaw,  St.  Louis,  etc.  In  fact  it  had  already  been  given  such 
distinct  status  in  the  Metarnec  division  by  Ulrieh  (1904,  90;  1905,  30).  As 
already  pointed  out,  the  Harrodsburg  limestone  is  in  reality  the  true  repre- 
sentative of  the  Warsaw  of  Illinois. 

The  name  Bedford  still  clinsrs  to  the  formation  as  a  trade  name  (see, 
for  example,  Beede  19ir»,  2(14-200),  in  spite  of  Blatchley's  attempt  to  substi- 
tute the  name  "Indiana  oolitic  limestone"  (1908,  307) ;  and  much  of  the 
literature  of  the  past  twenty-five  years  having  to  do  with  the  quarry  rock 
and  indi  try  will  be  found  under  that  name,  or  the  older  term  ''oSlitic 
limestone." 

The  chief  source  of  information  on  the  stratigraphy  and  paleontology  of 

the  Salem  lime-^^VnH  of  Indiana  is  the  memoir  on  the  Salem  by  Cuminps,  Bccdc, 
Branson  and  Smith  in  1906  (1906a,  pp.  1189-1486).  Other  useful  references 
are  as  follows: — Hall  1856,  2-36,  first  description  of  the  fauna;  Owen  1869, 
oolitic  limestone;  R.  Owen  1862,  137,  uses  name  "Bedford  rock";  Lyon  1860, 
619;  "Spergen's  Hill  bed";  Worthen  1866;  Meek  1873,  383,  Spcrgen  fossils; 
Collett  1874,  276,  "famous  Bedford  stone";  EIrod  and  Mclntiie  1876,  209 
"Bedford  Limestone",  apparently  used  as  a  formation  name;  Collett  1879,  272, 
equals  Warsaw;  Whittid  !  1SS2,  39-97,  rc  fie^<  rihes  the  fauna  with  illustra- 
tions; Hall  1883,  319-370,  Fauna,  with  Whittield's  plates;  Gorby  1886,  "Salem 
stoneP*,  deseribes  the  section  at  Salem;  Thompson  1886,  28-82;  Thompoon  1889, 
61,  describes  Sperprfu  fossil  bed;  Thompson  1892,  11  '.'^  describes  bi^ilding 
stone,  conditions  of  deposition,  and  section  at  Salem;  Hopkins  and  Siebenthal 
1897,  289-427,  detailed  and  exhaustive  description  of  the  formation  and  its 
uses  as  a  commercial  .stone:  Prdiin^c  tiiune  Bedford:  P-lrod  1899,  2">8-2(j0,  re- 
gards it  as  the  lowest  (Warsaw)  member  of  the  St.  Louis;  Blatchley  1900, 
22-28,  calls  it  "Indiana  oSUtie  stone";  Blatchley  1901,  325,  area  of  outcrop 
and  lithoIop\  ;  Si(hentha!  1901a,  890-393,  quarry  development,  statistics,  etc.; 
Cumings  1901a,  232-233,  proposes  name  Salem;  Siebenthal  1901b,  234-235  de- 
fends name  Bedford;  Prosser  1901,  270-272  states  case  for  Bedford  shale  of 
Ohio;  Chamberlin  1901,  267-270  discusses  general  principles  of  geologic  nomen- 
clature; Nevvsom  1903,  281.  puts  it  in  St.  Louis;  Ashley  1903,  83-80.  10;M19. 
sections;  Ulrich  1904,  90  (chart),  proposes  name  "Spergen";  Ueagan  1904, 
206-216,  analyses;  Blatchley  1904, 48,  mention;  Hopkins  1904, 62-57,  synonyms, 
etc.;  Blatchley  1901a,  use  for  lime;  Prosser  1903,  19-20  on  Ui<e  of  name  "Bed- 
ford"; Ulrich  190.^,  30,  again  uses  Spergen;  Blatchley  1906,  884,  road  material; 
Shannon  1906,  955-957  "Salem  or  Bedford  odlitic  stone",  for  road  metal;  Cum- 
ings 1906,  8r,  IfK).  weathering;  Shannon  1907,  mention;  Blatchley  1907, 
28-31,  calls  it  "Indiana  oolitic  limestone";  Blatchley,  1908,  307,  says  "Indiana 
oOitic  limestone"  is  the  (riHdal  name  for  future  Indiana  reports;  Hopkins  1906, 
310-866,  texture  and  economic  value;  B.  S.  Blatddey  1906,  866-459,  detailed 
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description  of  quarry  industry;  Siebenthal  1908,  307,  discusses  name,  still 
prefers  ''Bedford";  Shannon  190S,  108-110,  deaeribes  topofrnnphy,  weatherinff, 
soils,  etc.;  WellcM-  IWS,  82,  name  Spcrjren  "unwarrantorl",  use?;  Salem;  Tucker, 
1911. 15,  mention;  Van  Tuyl,  1912,  167-168,  uses  Salem;  Weller  1914,  13, 19-21. 
Salem  "dearly  has  priority*;  Beede  1916,  204-206,  description  and  strati- 
graphy; Mance  1915,  230-312,  detailed  discussion  of  tho  quarrj'  industry-  from 
the  standpoint  of  utilization  of  waste  stone;  Butts  1915,  164,  uses  "Spergen"; 
Vanee  1017,  1-204,  daborate  diaensrion  of  quarry  eeonomies;  Butts  1918,  32, 
uses  **Spergen";  Barton,  1918,  362,  etc.,  uses  Salem;  Weller  1920,  408,  U8«S 
Spergen;  Weller  1920a,  80,  9r>,  "Spergen  (Salem)";  Illinois  Geotogical  Survey, 
Press  Bulletin,  1921,  uses  Salem. 

Deseriptlon.^ — The  Salem  limestone  is,  in  its  typical  development,  what 
Grabau  would  call  a  "calcarenytc"  or  calcareous  freestone.  Tt  i-^  a  very 
massive  bedded,  granular  pure  cari)onate  of  lime  rock  of  a  very  light  bluish 
(tray  color  in  deep  unweathered  material,  but  changing  to  light  buff  near  the 
surface.  Most  fresh  quarry  faces  show  very  little  evidence  of  bedding  other 
than  the  occasional  stylolite  seams.  When  the  strata  are  cross^bedded,  as  is 
eommonly  the  case,  and  especially  in  weatiiersd  exposures,  the  thick  beds  stand 
out  eamspieuonsly.  The  rock  often  weatlMn  with  a  pitted  or  "honey-combed** 
surface  which  gives  the  natural  outcrops  a  most  interesting  and  picturesque 
appearance.  Not  uncommonly,  however,  the  weathered  surfaces  are  quite 
smooth  and  dear  cut.  On  hill  sides  the  smooth  rounded  weathered  outcrops 
may  have  the  appearance  of  huge  glacial  boulder.-^.  Tho  above  description 
applies  to  the  quarry  rock.  Beede  points  out,  however,  (1915,  204-206)  that 
assodated  with  this  phase  of  the  stone  are  bituminous  marls  of  a  dark  buff 
or  brown  to  almost  black  color  and  fetid  odor,  bedded  like  shale,  and  occur- 
ring either  below  or  above  the  quarry  stone,  or  sometimes  both  below  and 
above.  This  rock  goes  by  the  name  of  bastard  stone  among  the  quarrymen. 
Beede  consoquantly  riRurds  thr  formation  as  consisting  of  great  lenses  of 
calcareous  aandroek  (the  quarry  rodt)  imbadded  in  a  matrix  of  ftner,  more 
or  lees  calcareous,  material.  The  finer  material  oeeupiM  the  place  of  the 
"oSlitic"  where  the  latter  is  missing.  He  bdieves  that  the  fine  grained  rock 
consists  of  material  washed  out  of  the  calcareous  sand  by  wave  and  current 
action  and  deposited  in  the  quieter  pools.  The  writer  would  suggest  that  a 
modem  paralld  for  the  deposition  of  the  Salem  may  be  found  in  the  calcareous 
sands  and  oozes  of  the  Florida  Keys  and  banks. 

True  oolite  is  not  as  common  in  the  Salem  u.s  the  well  known  name 
**o9Htie  limestone^*  would  lead  one  to  suppose.  Host  of  the  odlitie  appearance 
is  due  to  ."small  round  fossils  belonging  to  the  Foraniinifera  and  Ostracoda. 
Some  true  oolitic  or  concentric  grains  do  occur,  however. 

The  ttuckness  varies  from  practically  nothing  up  to  90  or  100  feet.  The 
best  outcrops  may  he  seen  in  the  vicinity  of  Salem,  Bedford,  Harrodsburg, 
Victor,  Sanders,  Bloomington.  EUettsville  and  Stinesville. 

Faiuim.— The  Salem  l«  iiMriy  always  foulllferoaa.  Irat  not  many  localities  rxhlblt  the 
fauna  in  ilc  |«'rf<  i  t  inn.  .'^urh  I'xnlitira  are  thf  S|ieii;<'n  Hill  cut  nt  HnrriNldwn  m  ur  Snl<Tii. 
Laneitvllle,  the  oM  Cl«>vclan<l  ijuairy  near  HarroUiihurv'.  Dark  Hiillow  rii'ur  Knlfunl,  the  uitl 
essrrica  Jnt  north  of  BUetavUle.  and  the  Hantcr  valley  quarrich  near  UhmminKton.  With 
very  few  eMCptioaa,  tka  apariaieaa  arc  nry  nudl  and  rcpreaent  a  dwarfed  fauna.  In  aona 
eaan.  as  at  the  dmlsnd  ensny.  tlicy  Man  to  te  worn,  and  the  abdla,  vtc..  pntbablr  fead 
hMB  nIM  aboui  on  tlM  aaa  tMSck  or  poMiUy  blown  bjr  the  wind  Into  calcareou*  *and  doaca. 


The  nhJoJacd  IM  of  tpcdca  la  talwB  from  tho  paper  by  CuminK*.  Beede.  Branaon,  snd 
8«Mi  (im,  ItTa-ltTI)  t  AutoAyiw  M*S<  BsB,  AmpUnm  bUM  MOtar.  BMtonta  omAfwitf. 
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formia  Greene.  C<nrt»jwr«  mtftrnmermtM  Onfam,  Cyathaxamim  tntutum.  Creene.  Cv«Maf«M 
tawwiUriMiii  Milter,  C.  ni0«MnN  Ulrieli.  C.  uriilaliMi  Graan*,  C.  trtiilrtiiiii  Bwdi.  AiflBaiiftiilhiw 

*/r«tmf  Greene.  WtrkWraM  tnAianenn*  Beetle.  MoniYopom  k<vrhm*  GralMH,  P«farari«  ntiiW- 

<<irmi»  M-E,  A  H..  Sttrini)<'l>"i''>  mnnri'i  nuin  Hi  i  /<; .  n ' i»  rfi«».  iYfiT/1  M-K.  H.,  riinaluM 
(;riN-nr.  /..  rntn  pri  f»HM  M-E.  &  H..  HntorritiitK  ral  i4i-uliiK  I  Mall  I,  H.  rramiti  tituii  Kiiwlcy.  H. 
riavUi  Rowley.  H.  darini  lanrvillf  nri*  Rowley.  H.  rfai  mi  >rHlptiti»  Rowley,  B.  iroaidartutum 
CtMwiUy.  O.  irrtgulariit  Caawday.  B.  magniroatrm  Rowley.  B.  tattnhut  H.  ft  Q.,  B.  MlcuMiwif 
M.  *  G..  OMMWinw  MoKMevf  BeMte.  D.  cUmwih  W.  A  8..  O.  atrfaMa  O.  ft  a.  J)L  apw 
iMfcwertiM  dHwrti  <lCIIIv).  O.  cmmiiw  IM.  ft  W.).  D.  witawMfa  tWorthoi).  P.  «MM 
(W.  ft  S.>.  D.  ap..  FarbeefaerfiiM  ip.,  fcthvoeri'iMi*  ^mrketub  M.  ft  G..  PfMvrrfmM  kanonub 
WlliU*.   r.  hixmreiUftuiJi   Miller.   /'.  /*i)/fn"(«-rinii«  rormihm  u«  Miller.   .Si^hnfhfjm'jtMji  tiral- 

lotri  llnll,  Talaroerinu$  miH/>/<  .i-  iShumnnli.  T.  cf.  ^rijMi/»»  M.  &  (I..  /*i  nfr<  inif< «  ronoidrut 
Hall.  /*.  r4tnoidi'u-<  tiniftltirf  R*>\ilt'\',  f  rmi'mii  fttrlttnu*^"  Rrjwley,  Trirm  Itfrrinufi  vurkianun 
Etheridicr  nnrl  ('nriicntcr.  .Mrtahiiuliis  iiorthint  (Halh,  Tricot  lorrinuM  xeoodwani  I M.  &  W.), 
4reh«eoriWarM  noruooHi  HaJI,  Ortonia  hIaUklei/i  Beede.  Sfirvrhis  onniiiafiu  Hall.  .s'.  im- 
driradM  Ulrich.  S.  nodulMm  UaU.  C'vataitMva  HneaU  Ulrich.  C.  ae«ltal«  Ulridb.  IMrkotnqM 
/iaMhiM  fltaniBi«r).  0.  ap.,  FtnetttUa  fewpraiaa  tlomttiU  CwiIbrb,  F.  csjffiw  Ulrkk.  F. 
MUlUilrfMMV  tadyamfcwail  CtmiliKa,  F.  mrfia  Ulricli.  f .  rrrratida  ITIrleh.  P.  aerrmtutm  quadratm 
Camtnga.  F«*fUila  temmg  mnitinodonn  Cuminirs.  Fri>e»trBa  norfoco  Prout  Frttttrlla  Inntiiurima 
Cnudmtt,  Frill  litralia  aonrti-lutttn  iri  Trnut.  y.  itanrti-litdariri  rintipafta  Ulrirh.  h'i»l\tl\it<>ra 
tp^rgtlttHtU  Hominiter.  F.  hik  rm  m  nitim  ?nin«jr  (  umlnKs.  (r<jf;i(<>|Hjra  michtiinia  iTrimtl, 
llrmilrttpa  hffdii  Cuminir^.  //.  iilumota  <ri-uut),  //.  proutana  Ulrich,  Hcmitrupa  froatona 
iMMfa<toraalw  Cumiua.  PimtMtvpwru  ap.,  Pvtupvrm  biarriatm  Ulrich,  P.  imtertto^UU*  Cuminjoi. 
P.  mmtiim*  VMOh  P.  timuOatriM  IJIrlch.  P.  tpkOmdat*  IIMck,  P.  aCriato  Omiiwa, 
JttMiAtfpor*  M/ianleiwIa  CuiBia,  Jt.  ap„  SUmoptm  rmHa  UMcb,  5.  lnkeraMa  (Proot). 
S.  ap..  Wiarttaiwpof  apfnoM  TTIrfcfc.  tf'.  apotiifota  rPraot).  Athnrta  ienmt  Hall.  re(ra«MMra 

mifrninrara  (Hall).  ('<  nrrnn-lln  rifj.»MV(irr/ina/ij<  Whitfieltl  I=.tffi«riK  ilrniia  HalU.  Clriotht/riM 
hirmtla  (Hall)  [  Cliolhuriilinii  hnxula  (Hiilli!.  I'littuinia  fornionuni  (Halll.  lUclitfma  iiorbfri 
Bi-<tlr  nrin  Miller  [  — />.  iinuiifii  Willi  r.  ni>t  Tinlnitlulit  ijurh-ii  Miller,  The  lattei  i>  a 
Crctaceoua  specie*].  DU4a*ma  turgitium  Brcdc  non  Hall  l^l).  linunta  Wcllrr.  ami  (lirtytUm 
tarpiim  (HalDl,  AwMfrni  mareyi  Gtrty.  Becde.  Mnme,  ttr..  non  Shuinnni  \=K.  vrmfuUiamm 
(HhD)].  OrUkathataa  mttimtM  Cnmlnsa.  [—Sttvptor^mKliw  atiMntaw  (Cominica).  Baede'a  Acsre 
7.  pi.  W.  9p.  HI.  aNprw.  la  StraptarkyitekiM  rugktomm  (Hall  ft  dark*),]  Pndmett  Warrfataa 
Whitfield.  [-  KrhinnronrhuM  hi»rrialn»  (Hall)  I.  P.  hurlinolonmtia  var.  Becda  1<^P.  altolMMia 
Nor«fo<xi  ami  Prattenl.  P.  patlatinennU  Bc«ie  non  Girty  l—P.  altommeu  M.  ft  P. 
indianifiKiii  Hall,  I'uiinnx  i/rtix' ■  ji'/ri  iHiilli.  f  —  ("ritiinro^orrjiia  i/ionrcnon  (HnlUI.  Pui^Ojr 
iiuadrirottri*  Beeile.  Kitirulana  iim  udiyhm  ata  Brt-de  non  Hall  r>ttiu'''n  (Halll  I.  K.  trtigrra 

(Hall).  likipidnmrUa  duhia  (Hall),  Rhf/norlnmrlla  rirhiula  IhtU  !  \Uorhvnrhu»  marra  (Hall)], 
B.  mutmta  UaU  ImaCmmQrotoeckim  muUUa  (Hall)].  ^'mamiUa  thmufitQ  (Hall),  I— Comjiomla 
IrAMalM  CHiU)].  Spfrtftr  Wmnmtm  Hall.  8.  harktmtMt  Rawkr  (t).  8.  taleraM*  delieatu* 
Kvwier  I-S.  ftrtaralb  Halll  8.  aii>aii<a«Wa  Baete  wm  BiOI  I-fttlrtfar  iamifMitaiiii  Hall).  5. 
aiAflanM/analt  HaU  [— BtnaMytkvrb  a«Amr«nQSanHli  (Ha1l)l.  9.  aaWtfMdtrii  RaB  [i-BraA»> 
(At'n'i)  fHhitrhirularix    (HalDI.  Spinf,  r!,',!    iioriaWlftlMil    (Hall).   Cfmnrardium   earinatum  HaO. 

fOJifanfofMuni  Hall.  ('.  prattrnanm;  Hull  fffpriporf/inm  indiam  nstn  MbII,  h'.driumdia  muhplana 
(Hall).  <!'>n\<>i'hi>rn  pliriiln  rll;ilh,  ,\f  o r.  »h'.  i>!  ^[.,,  Mirmrlnn  •  III  iilnut  Whitfield,  Af.  iifi(iOii/M» 
(Hall),  M.  guhrlliptiriu  (Hall).  .Vuru/a  tthnmardana  Hall.  A'ueuiana  nafiifa  (Hntli.  I'lironittt 
itpergenentit  Whitfield,  .trmu^a  h|i..  .1  n<>m;>ha/iui  roluliformi*  Cumlniiti.  BcUrrophon  gibmntti  White, 
B.  MMaepU  Hall,  B.  ap.,  Bemhacia  eirgamttdm  (HaU).  tfaMNopaia  t«w«Ua  (Hall).  BaiMHorjifca 
MiaKfanair  (Hafl).  B.  wwaWflafa  (Hal),  B.  «loN«««a  (Hall).  Caaloanwa  ap..  CoHntofte 
grtuti  M.  ft  G..  C.  aifaaaarteaaia  Swallow,  CyrrMrraa  troi-t  wwNwtfcawaai  (HaB).  Biatracfciia  aan* 
eatMi*  (Hall).  Orifpkofhiten  (?)  parrnii  Stepheni.  llolopra  proafaaa  Hall.  £M«N«ma  yamMm 
Miini  IIjilI,  Mnt-rnchfiliu  ltil..i;.!,iu,  i  Hall  i  [  Sphm  mdaina  litlimana  (HalDl.  MarrorhrtiuM 
ttirn  nvilli  nuif  ('uminjTB,  Muirhinuuia  /<  ri  6ri  roririM  Hall.  M,  ixncta  (Hallt.  M.  »p..  (^tkoniffkia 
arutiro»trr    (Hall),   PUumlintiaria   rtmula    Hall.    P.    wkana   Hall.  M(>rf«/o«lrio(a   Hall.  P. 

piatentU  Hall,  P.  mbiiMioaa  Hall.  P.  nwMowana  Hall.  /'.  (riliacota  Hall.  P.  n<ortA<Ki  Hall. 
[Probably  none  of  theie  apeciea  In  atrlrtaaia  bafoiuc  to  the  aanua  Plmrvtomorial.  Potutremarim 
(tf  aaittaria  Cnailnca.  SaUuimu  fMar  Onnlnca.  galaaeapim  attawala  (HaB).  S.  larrlMla 
(KaD).  5.  aermihiia  (HaU).  Str»}ihaa««ftw  eerfrpaaa  (Hani.  SIraparaffaa  aparpmaaate  CHaB>. 
S.  planorbiformU  (Hall),  5.  pfamtiqrfra  (HaU).  8.  qHodnrohin  (Hall).  5«l>iiitV«  harraMnrpcN- 
aia  CumtnKs.  S'autilim  elarkanu*  Halt.  Ortkoferao  i  iiiurun  Hall.  O.  *p..  Temnofkeihu  >p»  Orif' 
Atkidr^  huh'  (M,     w,i.  „nbonarUi  <  )i:viii.      ap..  Cptfcai'dMwa  alBWilliMa  WhItflcM. 

(The  fiah  nnnaina  de&cribed  by  Branson  are  not  included.) 
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Si.  Louix  nnd  St.  Genevieve. — (Mitchell,  St.  Louis,  Barren,  LithostroUon 
limestone,  Cavemous  -limestone,  Lawrcncc-Ciawford  (]);ut).  Concretionary 
limestone.  Middle  limestone  (part).  Paoli  (in  part),  Mammoth  Caw  forma- 
tion of  A.  M.  Miiier).  This  great  lime^itone  i'ormution  was  long  ago  recognized 
as  a  distinct  unit  in  the  Indiana  Misaisslppian  and  was  consistently  eorrelated 
on  both  faunal  and  litholojric  >rroiin<!s  with  the  St.  I.ouis  of  the  Mis.'ijssippi 
river  section.  It  was  at  first  called  the  "liarren"  limestone  by  Owen  (1859, 
22-29)  who  also  mentions  the  eommon  occurrence  of  chert  and  the  lithographic 
character  of  the  rock.  In  18.">fi  ho  spi'uks  of  it  as  thr  "Lithostrotion  or  Barren" 
Umaitone,  and  Lyon  (1860,  Gr2-ri21)  gave  it  the  name  Cavernous  limestone. 
R.  Owm  (1862,  124-132)  apparently  inehidea  tinse  rocks  in  Ms  'Iffiddle  or 
Lawrence-Crawford"  limestone,  though  the  precise  limits  of  his  subdivi.sions 
are  not  clear.  He  mentions  Lithostrotion  as  a  common  fossil  and  notes  the 
alrandance  of  chert  and  the  caves  in  this  formation.  Worthen  (1866,  83-89) 
includes  in  the  St.  Louis  group  the  **oBlitic  limestone  which  outcrops  at  the 
river's  edpre,  three  miles  above  Alton,  and  the  equivalent  betls  at  Bloominpton, 
and  Spergen  Hill,  Indiana,  and  the  blue  calcareo-argillaceous  shale  and  mag- 
nesian  and  arenaceous  limestones  at  Warsaw^.  He  gfives  LithoHrotion 
rii>iiii1i'u:-ir  and  F..  p<i>lifrr\nii  as  the  characteristic  fossils.  The  inclusion  of 
the  Salem  limestone  and  Warsaw  in  the  St.  Louis  group  has  already  been 
cdrnmented  on.  From  1872  (Cox  in  3d  and  4th  Indiana  Reports)  to  1897, 
when  Siebenthal  proposed  the  name  Mitchell,  this  group  of  limestones  was 
invariably  referred  to  as  the  St.  Louis  formation.  (So,  Cope  1872,  157; 
Borden  1874,  168;  Collett  1874,  lO.'i,  etc.;  Cox  1875,  14;  Elrod  and  Mclntire 
1876,  207,  etc.;  Collett  1876,  :U.^)-:U7;  Collett  1879,  808,  etc;  Brown  188 J,  78; 
Crorby,  1886,  1.36-147,  205 ;.  Thompson  1886,  78,  etc.;  Thompson  1892,  512; 
Soovell  1897,  513.) 

In  1897  Siebenthal  (1897,  298-299),  evidently  believing  that  the  mass  of 
limestones  between  the  well  known  quarry  stone  (Salem)  and  the  Chester 

sandstones,  could  not  be  .so  exactly  correlated  with  the  St.  Louis  (See  Hopkins 
iy04,  hi),  though  as  a  matter  of  fact  he  gives  no  explanation  of  his  pro- 
cedure, named  the  formation  Mitchell  limestone,  from  the  town  of  Mitchell 
in  Lawrence  County,  and  this  name  has  been  used  consistently  in  Indiana 
geology  ever  since.  No  further  advance  in  deciphering  the  precise  stratigraphy 
of  the  Miteliell  was  made  by  the  Indiana  Survey  till  1916,  when  Beede  (1915, 
20fi  212)  pointed  out  the  fact  that  both  the  typical  St.  I.ouis  and  the  St. 
Gene\'ieve  are  represented  in  this  formation.  Ur.  Elrod,  however,  (1899,  258- 
207)  in  a  paper  generally  overlooked  by  other  geologists,  had  soon  after  the 
name  Mitchell  was  proposed,  called  att<>ntion  to  the  conspicuous  chert  bed 
midway  in  the  Mitchell  limestone,  which  he  called  "Lost  River  chert,"  and  had 
named  the  upper  Mitchell  limestone  above  the  chert,  the  "Paoli  limestone" 
(loc.  cit.,  259).  He  defined  the  Paoii  lune8t«)iu-  as  including  "all  the  rocks 
found  below  the  first  Kaskaskia  sandstone  and  above  the  Lost  River  Chert." 
He  proposed,  .since  Siebenthal  did  not  define  the  upper  limit  of  the  Mitchell, 
to  restrict  the  name  Mitchell  to  the  limestone  helow  the  chert.  As  so  rede- 
fuu'd  the  Mitchell  would  be  ahno-t  exactly  e<iuivalent  to  the  St.  I.ouis,  and 
the  Paoli  limestone  to  the  St.  Genevieve  and  Gasper  oolite.  It  should  be 
borne  in  mind,  therefore,  that  if  local  names  are  to  be  used  for  these  recog^ 
nisable  subdiviaions  <a  the  "MitdieU**  in  Indiana,  Elrod's  names  must  ree^ve 
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consideration.*  His  name  "Paoli"  woulU  have  prior  claims  over  Ulrich's 
"Fredonia."  It  is  propoBed  here,  however,  to  restrict  the  term  Paoli  to  the 
representative  of  the  lower  Gasper  in  Indiana.  Elrod's  paper  is  the  first  clear 
reco|?nitioii  of  the  dnal  diaracter  of  the  Mitchell^ — MXteen  years  before  Bcede 
afrain  pointed  it  out.  Between  the  two  datee,  however,  Ulrich  also  (1911, 
pi.  29)  had  correlated  the  Mitchi  II  with  both  St.  Loais  and  St.  Genevieve. 

Matters  have  not  been  bettered  so  far  as  concerns  the  terminology  of 
this  limestone  .succession,  by  Professor  A.  M.  Miller's  recent  pi-oposal  (1!)17; 
1919,  103)  of  the  name  Mammoth  Cave  formation  for  the  exact  equivalent  in 
Kentucky  of  the  Mitchell  limestone.  It  woulij  seem  be.st  to  follow  Hutt.s' 
example  (1918)  discarding  both  Mitchell  and  Mammoth  Cave,  and  returning 
to  the  tons  established  names  St.  Louis  and  St  Genevieve;  and  the  latter 
procedure  i.*  adopted  in  the  present  revision.  Mitchell  may  still  be  u.sed  as  ^ 
convenient  handle  for  the  whole  mass  of  cavernous  limestones  between  ths 
Salem  and  the  clastic  Chester.  The  extreme  top  of  the  Mitchell  appears  to 
be  a  member  of  the  Gasper  oolite  and  is  here  called  Paoli  limestone  Tde 
Fredonia  of  Ulrich  (1906,  39-53)  appears  to  be  about  equivalent  to  the  St. 
Genevieve  (or  Paoli  Umestoiie  of  Elrod)  as  represented  in  Indiana. 

The  St  Genevieve  is  here  induded,  with  the  St.  i.nuis  in  the  Meramcc 
series,  an  arrantrement  in  accordance  with  that  recently  approved  by  Weller 
(1920,  283-284;  1920a,  96). 

(On  the  Mitchell  sec  also  Blatchley  and  Ashley  1898,  21;  Ashley  1898, 
74-79;  Nevvsom  190M,  282,  St.  Louis;  .\shley  1903,  66  and  77-83;  Hopkins  i;)(»4, 
57-64  corresponds  "in  part"  to  the  St.  Louis;  Blatchley  1904a,  217-218,  men- 
tions the  oSlite  near  top  of  Mitehell;  Reagan  1904,  906,  216;  Blatdiley  1908, 
884,  894,  915-918  Road  metal;  Cumintrs  lOO'i,  fi.--iOO  weathering;  Ellis  1906, 
761;  Shannon  1906,  960-962;  Taylor  1906,  1005;  Blatchley  1907,  32;  Shannon 
1908,  111-118;  Siebenthal  1908,  808-309,  detailed  sections;  Shannon  1909, 
278;  Greene  1909,  175-181  cave.s;  Tucker  1911,  15;  Beede  1915,  206-212  de- 
scription, sections,  correlations;  Logan  1919,  26,  45,  etc). 

Description. — ^The  lower  or  St.  Louis  division  of  the  Mitchell  limestone  is 
a  close-grained,  hard,  compact,  rather  thin-bedded,  lipht  dove-colored,  semi- 
lithopraphic  limestone  breaking  with  conchoidal  fracture,  with  occasional 
beds  of  soft  blue  shale  and  shale  partin^fs.  It  i.s  conspicuously  jointed  and 
cavernous,  the  whole  area  of  ito  outcrop  abounding  in  caves  and  sinkholes. 
The  beddinp  planes  are  usually  marked  by  stylolites.  Chert  occurs  com-' 
monly  in  stringers  and  layers.  The  shale  beds  are  c.-pecially  characteristic 
of  the  lower  40  feet  of  the  Mitehell.  This  division  is  capped  hy  a  conspicuous 
an<i  jHTsistont  bed  of  chert  or  cherty  linic-lcnc,  -  the  "I,(i-.t  River  Chert"  of 
Elrod.  Above  this  chert  horizon  the  limestone  is  commonly  oolitic  and  more 
heavily  bedded,  though  of  the  same  light  blue  or  drab  color.  lAthoatroHon 
canadi  tisr  which  characterize.-  Ihf  li<  d>  hclnw  the  Lost  River  chert,  is  totally 
laclting  in  the  beds  above,  whu  h  -( etn  to  correlate  with  the  Fredonia  member 
of  the  St  (lenevieve.  Diuithmyiudx  f  lrgaia  is  a  common  fossiL 

The  total  thickness  of  the  Mitchell  formation  is  about  200  feet  in  Monroe 
County  and  300  feet  or  more  in  the  Ohio  River  counties. 

Fauna.— The  various  older  lists  of  fo.sails  from  the  St.  Louis  of  Indiana 
given  in  the  Indiana  reporto  do  not  discriminate  between  the  fauna  of  the  St 

•  l)r,    MfWi   N.   Elrixl,  liUc   V>'.   W.   Il.ii.li n.   i.<  anothir  Tri(!inni»  t"   whom  Iwlstrt 

Justice  should  be  (Joru.-.  Hia  rvporU  on  8hdby.  Bai-thalomcw  and  Oranue  counties.  ete«  tliaw 
•  erup  of  itfmtisnpkle  rdaliMuhipa  beyond  tlurt  cvlneed  In  most  of  the  IndlMia  eaunlar  nports. 
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Louis,  aenau  atrietu,  and  the  Salem  ("Warsaw")  faunas.  No  adequate  lists 
from  the  St  Louis  and  St  Genevieve  of  Indiana  are  as  yet  available.  Bvtts' 

lists  of  spf'cics  from  the  Kontucky  arm  immcfliiitely  a(!joininK  the  river  coun- 
ties of  Indiana  on  the  south,  are  given  below  in  the  belief  that  most  of  these 
spedes  wQl  also  be  found  in  Indiana. 

Fauna  of  Ihu  St.  I^'uiii  limc-'tor-.i'  Mimli  .  Hunliii  nnil  Breckcnriilvr  riMinlii-",  Kftiturl.y, 
Kccordinir  to  Huttn  (UHH.  41-42^  .s'yn'H0o|>t>ra  av.,  ('latU>eikonua  »v..  LithuatroUon  protiferum 
Hail,  L.  bauUtifonne  Owen.  iL.  ranadfiut  (CanUeimu)  I.  Zaphrtntin  rarmata  Wortlien.  M«ni$eo- 
jAjdlHiM  ■»..  H^ptivt^i/lhtm  nltariforwtt  (HbU)  IZapkniHtia  eaUiformu  HbUIJ,  M^oitiUa  m«IM* 
»0i<iw  Nomniod  and  Owciu  Plst»er<mw  AmtoviBM  W.  A  8m  PemtnmUt*  cavm  UlcMi,  I*. 
eonoidnut  KlHt  Stmtaporm  *p»  Balorlomella  sp.,  fiutulipora  ip.,  Fenrttetta  aereral  sp..  Fottpora 
•Fvcral  «p.,  Cw»todUllta  KNMla  Ulrich.  ('.  imMtuiana  Ulrlch,  Pickulryjxi  hp..  Worthrnopora  »pimo»m 
lllrirh.  1  From  the  writer's  obwi-vations,  it  ii  likely  that  moKt  of  the  Ui^njoii  liiUil  iindcr  tht 
Salem  «Ni>  orrur  in  the  St.  Louii].  Uhipidum'  lla  duliia  Hall,  SrhuchfTti  lla  Orthvli  tm  kaa- 

katkimmii  (MrChcsiicy).  I'roduetun  »ritiilut  M.  A-  W..  /'.  altotunsU  N.  &  V.,  I'.  ne»r  eimiMlU 
Wkit*.  P.  Hmll.  I'Mttmla  indianen»i»  (  (Hmll).  P.  biseriata  (Hall).  Camuroloethia  mutala 

Ha>.  drfivfla  hMWaw— w  <Glrtjl.  TvUaMmtrm  menUrottrm  (Swallm)*  3|pMf'm4t«  n.  up. 
IBuMal.  SpMftrtmm  ttUmmuU  Writer.  SptrVte  pMumak  Wdter.  S:  kirw«ttw  Hidl.  5. 
t«mmitm§l»tuB  Hall.  Brarhitkvrii  tmbemrdiiformk  (Hall),  JtMipirf«Ha  tetigerm  (Hall),  R.  b.  ip. 
tButti).  CoiNpon'to  (riHuWio  (  HhII  ) .  CUntkyriAina  .oiMaanltB  <Hallt.  >.'»»<. fnu  i .  rn<iii7iana 
(Hall),  /tUorima  ip.,  StreblopUria  near  Arrfcn,  .-t f iciifcijwrf Wi  Hp..  Sfhizodun  sp..  /jrUrropfcon 
•uitaei'M  r  Hall,  0M«M>|Mb  UctMi  (Hail).  Emmmphdbm  sp.,  FtaCivcrM  ap.,  NanMiM  ap^ 

<lrigithidc»  sp. 

Finm  the  Fredonia  ottllte  membar  aC  tka  St.  (jenevie\-r  Buttx  {U>r.  cir,  im>.  :>^-:>~n  lists 
the  followins:  Cka^Utta  ap,  3tinMajwp«  ap«  IttUkartroltm  kamuditem  £.  &  U..  7n'pio|iihirltem 
apiwiilaaiiai   RAH..  CawpapkiflfmN  n.  sp.   [Itiitia],  Ptntr*mU«»  priMeettmtmtia  Uiriak. 

Mr$oMa*tiu  tftaber  M.  A  W..  A>ra(.i>rriniM  huntuviUof  W.  *  S..  Boterriniia  ap.,  FmnUlkt  «awl 
sp..  Polvpora  several  sp..  CgtluHiclita  ip..  UhipidnmtUa  dubia  (Halh.  Orlkotkeirt  ktulumkirHaU 
(M((  h.  ><ni  >      /'i  o(fi(f  fiis  uvatuK  Hall,  /'.  /inn  i-   M    \   \\  ..  i ui/iim.-*  Wiriraiw  Gliiy.  I'unlula 

I  KehinucuuchunI        ii<  i'i>  r#  (Welter),    I'uunoitOn   oltuwiixi    lWhit«.'),   CirtVClUa  indianrnm* 

(Girly),  Stiirifrr  ;HUa<  iwin  Weller.  S,  bi/nrradui  .'  Hall.  roiHfioafta  trimirlM  (Hall).  ('/u)rh(y- 
ri'dina  mdlaMeUMa  (Hall).  £mmttriu  rerumiUana  (Hall).  AUoriama  mmr  maxviOttm  Wliitfield. 
SjAffMiMt  wtonr^tutb,  DdUpnttn  awwraamfaf  (Woithea).  CowaaawWam  aaar  mttkmmm  Hail. 
j(rMta4a«  rfcpfwanw  WoitlMn.  /lalartclia  a.  ap.  IButtsl,  FlMtratoMaria,  aaveral  sp^  SalraoapM* 
ap..  lUOgnpham  mthlarvU  Hall,  Ruomjthaltu  timaU  (M.  A  W.),  XT.  Mmilti  var  ptanuM  (M,  «  W.). 
ftraparoltuM  npcrgrnrntiM  (Hnll),  Curium  nw  fuhaniiulatuin  H»ll.  .VudVo/miK  n.  sp.  (Buttsl, 
IHalifferiU  sp.,  C|r«t«'(aii>j<«  rH>f»ii<i»  Ulrirh.  ('.  •/Min>}nr<ir|>(ri(Hm  Ulrich.  iV/ir<i>  (ini<i  itrinrrlunrntia 

Uiridi.  M.  aafcroMMaa  Ulrirh. 

Chicstkri.vn.—  (  Ka-kaskia,  Fcrrug:inou.s  sandstone  (part),  Archimedes  lime- 
StMMs  of  Owen  (part),  Upi>ci-  or  Orange-Martin  limei>tone,  Pentremital  lime- 
stmie,  Huron  of  Hopldns).  As  already  indicated,  the  name  Chester  was 
proposed  by  Worthen  in  maruscript  in  18.')^.  Week.s  (I'jni)  credits  the  name 
to  Swallow  (1868,  6),  who  was  the  first  to  use  the  name  in  print.  Worthen 
himself  puUished  the  name  in  1860  (1880,  897),  and  in  1888  in  the  first 
volume  of  the  Illinois  reports,  Hall  having  in  the  meantime  used  Kaskaskia 
(1856a,  26;  1857.  187-203)  for  subsUntially  the  same  rocks.  In  the  1866  report 
Worthen  used  the  term  "Cheater  Group,"  including  in  it  the  ferruginous  sand- 
stone as  well  as  the  hig:her  bodfl.  By  general  consent  Worthen's  name  has  been 
adopted  as  the  standard  name  of  this  series  of  formations.  Ulrirh  (l!t04) 
however,  uses  Ka.skaskia  for  the  upper  division  of  the  Chester,  above  the 
Cypress  sandstone.  Kaskaskia  has  been  rather  commonly  employed  for  the 
Cheater  in  whole  or  in  part  by  Indiana  geoloKi^'ts.  and  especially  for  the  upper 
part  of  the  series.  (So,  Collett  1874,  272-273,  upper  Che^^ter;  CoUett  1876, 
814,  upper  Chester  Umestone;  Thompson  1888,  18,  Upper  Chester;  Kindle, 
1896,  381,  etc.,  Chester;  Siebenthnl  1897,  ;^oo,  Chester  or  Kaskaskia;  BlateMey 
and  Ashley  1898,  21,  Chester  or  Kaskaskia.) 
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Of  the  Kaskaskia,  Wellcr  says  (1920,  282-28.'?):  "Hall  fiavo  the  name 
Kaskaskia  limestone  to  the  whole  of  the  succession  above  a  conspicuous  sand- 
stone formation  in  the  Misissippi  River  bluffs  of  Randolph  County  [Illinois] 
which  was  commonly  called  the  'ferruginous  sandstone'.  Worthen  used  the 
name  Chester  limestone  for  the  same  beds  which  Hall  called  Kaskaskia,  but 
included  this  Chester  limestone  with  the  underlyin^r  sandstone  in  what  he 
called  the  'Chester  Group'."  This  "ferruginous  sandstone"  of  the  older  workers 
is  the  Aux  Vases  (Keyes  1892,  296)  or  basal  Chester  .sandstone  of  the  present 
terminology;  and  consequently  the  use  of  Kaskaskia  for  the  upper  portion 


Fiff.  29.    ChinU'r  formiilions  Mt  R»y'a  Clive.  Grwne  county. 


only  of  the  Chester  is  not  in  accordance  with  Hall's  u.sage.  Much  of  the  un- 
certainty in  regard  to  the  relation  of  the  .so-called  Kaskaskia  to  the  Chester 
has  arisen  from  the  confusion  of  the  Aux  Vases  or  ferruginous  sand.stone  with 
the  Cypress  sandstone,  considerably  higher  up  in  the  .section.  It  would  appear 
that  no  useful  purpose  can  be  subserved  by  the  retention  of  Jhe  name  Kas- 
kaskia, without  warping  it  entirely  out  of  its  original  meaning;  and  the  wiser 
procedure  seems  to  be  to  abandon  the  term  altogether,  as  a  synonym  of 
Chester. 
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Still  further  confusion  was  introduced  into  Indiana  geological  literature 
in  IMS  when  Ashley  (1908,  71-77)  on  the  sanrestlon  of  Hopkins,  prapesed 

the  name  "Huron",  from  tho  little  town  of  Huron  in  Lawrence  County,  Indiana, 
for  the  rocks  formerly  called  Chester  in  this  State.  Hopkins  (1904,  17,  42, 
64-67)  ^V68  Chwter,  Kaskasklfti  Arehimedes  and  PentremHal  as  synonyms  of 
Huron.  This  new  noiM  was  proposed  in  the  belief  that  the  "Hlinois  terms  as 
orifrinally  uhcH  were  more  comprehensive  and  did  not  correspond  with  this 
remaining  division  of  the  lower  carboniferous  rocks  of  Indiana"  (loe.  cii.). 
The  name  Huron  was  pecularily  unfortunate,  first  because  it  tended  to  cause 
preoloKi^^t"-  to  lose  sight  of  the  intimate  connection  of  these  rocks  with  the 
well-known  Illinois  series,  and  more  particularly  because  the  name  Huron 
was  already  in  common  use  for  a  Devotiian  fonmatton  of  Ohio, — the  Huron 
shale  of  Newberry  (1871,  19).*  Attention  was  very  soon  called  to  this  dupli- 
cation, and  Prosser  (1905,  22-24)  gave  a  careful  review  of  the  use  of  the 
name  Huron  in  Ohio  and  Michigan.  It  was  dear  that  the  Indiana  name 
Huron  could  not  be  accepted,  and  in  work  undertaken  under  the  direction  of 
the  Indiana  University  Department  of  Geology  by  Mr.  F.  C.  Greene,  it  was 
sufgeated  to  him  that  if  the  rocks  could  not  he  shown  to  be  approximatdy 
equivalent  to  the  Illinois  Chester,  an  alternative  name  be  proposed.  Mr. 
Greene's  work  (1911,  269-288),  however,  quite  conclusively  proved  the 
equivalence,  and  he,  therefore,  reintroduced  the  older  name  Chester.  R.  S. 
Blatchley  (1911,  88)  in  his  quarry  report  uses  both  names;  but  Beede  (1916, 
212-216)  says  the  name  Huron  must  be  abandoned.  It  occurs  in  the  Indiana 
Keports  and  other  literature  from  VM'.l  to  1914.  (See  Ashley  1903,  66,  71-77; 
Hopkins  1904,  17,  42,  64-67;  Blatchley  1904,  SO;  Blatchley  1906,  144-146,  889, 
894-89fi,  904-9nR,  918.  926;  Taylor  1906.  1001;  Blatchley  1907,  P>2:  Shannon 
1908,  113-114;  Shannon  1909,  279-280;  Tucker  1911,  15;  Barrett  1914,  10.) 

Up  to  1906  the  Chester  series  was  not  subdivided  into  named  formations, 
though  one  of  the  conspicuous  sandstones  of  southern  Illinois  and  adjacent 
parts  of  Kentucky  had  long  been  known  as  the  Cypress  sandstone  (Engelmann 
1868, 189-100)  from  Cypress  ereek  in  SonUiem  Hlinois.  This  was  mistakenly 
correlated  h\  Engelmann  with  the  "Ferruginous  sandstone"  of  authors.  The 
possibility  of  subdivision  was,  however,  recojrnized,  and  litholof^ic  names  were 
commonly  applied  to  the  succession  of  sandstones  and  limestones.  One  of  the 
first  of  these  litholo(cic  arrnnRements  is  that  of  Sidney  Lyon  in  1860  (1860, 
614,  etc.)  who  divided  the  succession  into  the  1st.,  2d.,  3d.,  and  4th.  lime- 
stones (reading  from  the  base  upward)  and  the  1st.,  2d.,  3d.,  and  4th.  sand- 
stones. Lyons  6Ui.  sandstone  appears  to  be  the  Mansfield  or  Coal  measures 
conglomerate.  It  is  not  possible  to  certainly  identify  I.yon'.s  limr-tonos  and 
sandstones  in  the  multiplicity  of  named  formations  of  the  present  scale. 
Engdmann  <in  186S,  pub.  1868,  189)  gave  a  seetfon  in  southern  Illinois  in 
which  the  Chester  was  divided  into  ten  litholopic  numbi  rs  numbt  red  from  1 
to  10  in  descending  order,  the  limestones  receiving  the  odd  numbei-s,  1,  3,  5, 
et6,  and  the  sandstones  the  even  numbers  2,  4,  6,  etc.  No.  8  of  his  section 
he  called  the  Cypress  sandstone. 

In  1876  Elrod  and  Mclntire  (1876,  207)  gave  a  good  account  of  the 
Chester  iticks  of  Orange  County,  Indiana,  and  divided  the  succession  into  the 

•  Sm  alw  WladMll.  M  Bicudid  Mport  of  ProitreM  of  Ike  Gaaloflnl  Surw  of  WclUffm, 
IMI,  pp.  Tt-18t,  wkere  he  me*  "Hvran  smip^  for  all  the  rocki  fran  the  top  «f  fh*  HamUton 
to  •  coBsloiBerate  ovtrlrins  tba  Pialnt  Amk  Barques  xritstanea. 
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IiOwer  <No.  1),  Middle  (No.  2)  and  Upper  (No.  3)  limestones,  and  Lower 
(No.  1),  Middle  (No.  2)  and  Upper  (No.  3)  sandstones.  This  scheme  was 
repeated  by  Kindle  in  (189fi,  .•',21)-.'',(;S) ,  who  nives  the  following  section 

in  Oranjfe  County  (modern  equivalents  in  brackets)  : — 

6.  Coarse  sandstone  and  shale,  100  feet  [Man.sfield  and  Tar  Springs]. 

5.  Upper  Ka.ska.skia  limestone,  13  feet  [Golconda]. 

4.  Upper  Kaskaskia  sandstone,  40  feet  [Cypress]. 

M.  Middle  Kaskaskia  limestone,  If)  feet  [Beech  Creek]. 

2.  Lower  Kaskajjkia  sandstone,  35  feet  [Brandy  Run,  Reehivilic,  Klwren]. 

1.  Lower  Kaskaskia  limestone,  18  feet  [Beaver  Bend,  Sample,  Upper  MiteheU]. 

Siebenthal  {ISitl,  300)  also  uses  Lower,  Middle  and  Upper  limestone  and 
Lower,  Middle  and  Upper  Sandstone;  wMle  Blatdiky  (189B,  21),  Newsom 
(190?.,  283-284),  Greene  (1011,  2r^<^)  and  Beede  (1015.  212-216)  use  a  similar 
terminology.  Inasmuch  as  different  authors  have  not  always  selected  the  same 
layers  for  their  1st.,  8d.,  and  8d.  or  Lower,  Middle  and  Upper  fmrmations,  the 
-scheme  ha.s  not  worked  well.  The  fact  i~.  as  now  ascertained,  there  are  far 
more  than  three  or  four  limestones  and  three  or  four  sandstones  in  the 
Indiana  Chaster,  and  tills  faet  is  at  the  bottom  of  the  discrepancies  of  the 
older  work. 

In  most  of  the  Indiana  reports,  however,  no  attempt  is  made  to  sub- 
divide the  Chester. 

In  1905  Dr.  Ulrich  published  a  discnssion  of  tiw  stratigraphy  of  the 
Chester  formations  of  western  Kentucky  (IffOB,  and  made  the  first 

serious  attempt  to  disentangle  the  Chester  succession  and  to  name  the  various 
subdivisions.    His  scheme  is  exhibited  in  the  following  table  of  formations 


98  « 

ii 

1  s 

Birdsvflle 
formation 

Tribune 
Limestone 

Kaskaskia  limestones  of  Hall. 

Cheater  limestone  of  authors. 
Huron  formation  of  recent  Indiana  reports  is 
mime  a«  Birdsville  formation. 

iroup 

Cypress  Ssndstooe 

Aux  Vases  sandstone  of  Keye.s. 

Probably  also  Big  Clifty  sandstone  of  Norwood. 

Ik 

O'Uara 
Limestone 

St.  Genevieve 
Limestooe 

Rosiclure 
Sund.stone 

P'redonia 
Oolitic  ■ 
Limestone 

Two  upiMjr  members  referred  to  !ih  lower  Chester 
by  Wortbeii  and  Engelmaiui.   Entire  formation 
rrferved  to  as  St.  Louis  by  Norwood. 

=^  :  4  .  —   

Digitized  by  Google 


512  Depabtmbnt  of  Comsbbvatiom 


Greene  (19U,  980)  tried  to  fit  the  Induna  auoeeasian  to  thie  Boheme  u  folknra: 


Upper  (3d)  Liroestone 
Upper  Sandstone 

liirdflvillc  formuliuri 

Middle  (2d)  Limefltooe 

Tribune 

o 

u 

O 

Middle  .Sandstone 

Cypress 

tm 

ii 
w 
X 

M 

Lower      )  LtmeBtone 

Lower  Sands forip 

Ojlitic  upi>(  r  |):irt  of  the 
Mitdiell  Limefltone 

O'Hara  ) 

Rosiclare  J  st.  Genevieve 
Fredonia  j 

Remainder  of  the 
Mttcheil 

St.  LouiR 

Dr.  Weller  besran  his  important  studies  of  the  Chester  in  1906,  and  has 

continuerl  them  down  to  the  present.  In  1913  (1913,  nR-12f>)  ho  puhlishoH 
the  following  names  of  the  Chester  formations  of  Kundolph  and  Monroe 
ooonties  in  HUnda  (in  deseendinff  order) : 

9.  dore  Umestone. 

8.  Palestine  sandstone. 

7.  Menard  limestone. 
6.  Okaw  limestone. 
5.  Ruma  fomiation. 

4.  Paint  Creek  formation. 

8.  Yankeetown  formation. 
2.  Renault  formation. 

1.  Brewerville  sandstone  (later  rt'foired  to  Aux  Vases  sandstone). 

The  St.  Genevieve  was  not  included  by  Weller  in  the  Chester.  The  same 
list  of  formations  was  repeated  in  the  Monograph  of  Mis.sissippian  Brachiopoda 
(1914»  IS-IS). 

Weller  found  it  impossible  to  fit  his  scheme  of  formations  to  that  of 
Ulrich,  and  after  several  seasons  of  held  work,  succeeded  in  showing  that 
tiio  latter  had  made  several  serioas  mistakes.  In  the  first  place  the  lime- 
stones refrn  ed  to  the  Tribune  by  Ulrirh  include  three  different  horizons.  The 
typical  Tribune,  at  Tribune,  Kentucky,  is  a  limestone  high  up  in  the  "Birds- 
vflle"  and  the  eqpiivalent  of  the  Menard.  The  Tribune  east  of  Prineeton, 
Kentucky,  lies  above  the  sandstone  that  had  been  mistakenly  identified  as 
Cypress  by  Ulrieb.  .  .  .  The  third  limestone  referred  to  the  Tribune 
.  .  .  proved  to  have  a  position  benealh  the  sandstone  whidi  Ulrich  had 
called  the  Cypress"  and  to  belong  to  the  O'Hara  member  of  the  St.  Gem  vieve. 
Ulrich  had  also  been  "mistaken  in  his  interpretation  of  the  Cypress  sandstone 
of  Engelmann,  the  true  Cypress  being  at  the  base  of  the  Birdsville  formation 
instead  of  beneath  the  so-called  Tribune"  (See  Weller  1920a,  129).  These 
errors  lead  to  the  additional  error  of  including  the  St.  Genevieve  in  the  Chester, 
since  Ulrich  included  two  distinct  formations  in  his  O'Hara  or  upper  St. 
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Genevieve  limestone;  his  upper  O'Hara  being  the  equivalent  of  the  Rmault 
limestone,  while  the  lower  O'Hara  is  genuine  St.  Genevieve.  The  two  forma* 

tions  are  disconformablo.  Butts  in  conjunction  with  Wellor  also  proved  that 
a  shale  formation  (the  Paint  Creek  shale)  lies  between  the  true  Cypress  sand- 
stone  and  the  so-called  Cypress  of  Ubidi.  Southward  in  Kentucky  the  Faint 
Creek  formation  is  rcprcsonted  by  a  part  irf  the  "Tribune**  of  Ulrieh*  tMUuned 
Gtuper  oolite  by  Butts  (1918,  64). 

In  1918  the  Kentucky  survey  published  a  volume  on  the  Mississippian  of 
western  Kentucky,  to  which  Ulrich  contributed  a  section  on  tiie  Chester  forma- 
tions. In  this  publication  Ulrich  corrected  mme  of  his  errors  of  1905,  but 
fell  into  other  errors,  especially  that  of  correlating  the  Cypress  sandstone 
with  the  lower  Okaw  of  Weller,  which  is  in  reality  the  equivalent  of  the 
Golcondn.  Ul rich's  "Standardised  time  scale"  (1918,  plate  £)  is  as  follows 
(reading  down) : 

Clore  formatioa 
Palestine  formation 

Menard  limestone 
Tar  Springs  sandstone 
(Hen  Dean  liim;«4tone 
Chester    { Hurdiiusburg  sundHtone 
(lolconda  formntion 
Cypreiw  sandstone 
Gasper  limestone 
Aux  Vases  .sjintlHtoiie 
St.  (iciicvieve  Limestone 


^O'Hara  limestone 
\  Kosiclare  sandstone 
[  Frsdonia  a5lite 


Weller's  eomplete  gBnenil  timo-seaie  of  the  Chester  (1920s.  80)  Is  Insorted  below 
'or  comnarisoa: 

KiokaM  limestone 
Degonia  sandstone 

Clore  limestone 
Palestine  sandstone 
Menard  timesUme 
Waltersbiirx  sandstone 
Vienna  limestone 

Sprinp  sandstone 


Upper  Chester 


Chester  ^ 


Middle  Chester 


Lower  Chester 


fCiIen  Dean  limestone 
j  Hardinsburg  sandstone 

Ctolconda  Hnicsfrine 
Cypress  sandstone 

Paint  f'reek  formation 
Yankeetown  formation 
Renault  fonn^ion 
Aux  Vases  sandstone 


The  Aux  Vases  of  this  classification  is  the  Brewersville  of  Weller's  1913 
and  1914  papers.  The  Gasper  of  Butts  (part  of  Ulrich's  Tribune)  falls  in 
tin  Paint  Creek  formation  of  Weller.  The  chief  differences  between  Weller's 
and  Ulrich's  interpretationB  are  in  the  lower  part  of  the  section. 

SS— 20M2 
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In  MeaHc  anH  nn-tkiiuidKe  counties,  Kentucky,  Butts  (1918,  pi.  2,  etc.) 
recognizes  the  ifumplr  sandstone,  which  he  places  between  his  lower  and 
upper  Gasper  formations,  and  the  Buffalo  Wattow  formation  which  he  corre- 
lates about  with  the  Palc;-titu-  and  Cloie  of  Illinois  (pp.  112-11:0. 

In  1919-1U20  Dr.  C.  A.  Malott  of  the  Indiana  Survey,  published  a  revised 
section  of  the  Chester  of  Indiana,  based  «n  several  years'  ftdd  work  in  bi^na 
and  a  careful  study  of  the  typical  outcrops  In  Illinois  and  Kentucky.  He 
adopted  the  Illinois  and  Kentucky  names  so  far  as  reasonably  exact  correla- 
tions could  be  made,  and  added  a  number  of  new  names  for  formations  not 
thu.s  far  recof^nizable  outside  of  Indiana.  His  scheme  of  fonnations  is  as 
follows:  (1919,  8-18;  1920,  521-522):— 

Buffalo  Wnllow  formation 
Siberia  liroeatooe 
Tar  8prinK<!  aandstooe 
(Slcii  Doan  limostooe 
Uardiosburg  sandstone 

Goleonds  timestooe  -  [3d  Limestone  of  Indiana  autkon) 

Indiiin  SpritiK^  shale 
Cypress  sandstone 

Bccnh  Crock  liracntone  «  [2d  Limestone  of  Indiatia  authors} 
KIwrL'i)  siiiulstone  and  shale 

Reelsville  luuestunc  -  (Ist  Limestone  of  Indiana  authors] 
Brandy  Run  sandstone 

Denver  Bend  limestone  ■  (Upper  Iffitehell  Ledge  of  authors] 

!  Sample  sandstone 
'  ( la.spor  o  ilitc 

The  names  Siberia,  Inditin  tSi/ritigH,  Beech  Creek,  Elwren,  Reelgville, 
Brandjf  Run  and  Beaver  Bend  are  proposed  by  Maktt 

This  arranfrement  of  formations  is  adopted  with  certain  modifications 
suggested  by  Dr.  Malott  in  the  present  revision. 

Professor  Allan  D.  Hole,  of  Earlham  College,  also  irablished  a  paper  in 
l!>i;)  (lOltl,  183-185)  in  which  on  the  basis  of  the  fauna.s  he  identifies  the 
lowest  of  the  "three"  Chester  limestones  in  Orange  County,  Indiana,  with 
the  Renault  of  Illinois.  The  middle  limestone  he  correlates  with  the  Paint 
Creek  of  Illinois  and  the  upper  with  the  Okaw. 

Dr.  Malott  and  the  writer  trroupod  the  Chester  fomiations  in  three 
divisions  as  indicated  on  the  Chart  (p.  408)  on  the  basis  of  the  principal  dis- 
conformitic-s  within  the  series;  and  have  made  use  of  this  grouping  in  their 
teaching  and  in  the  work  of  the  Indiana  survey.  It  coincides  exactly  with  the 
grouping  recently  published  by  Drs.  Weller  and  Butts  (1920a,  80).* 

The  new  formation  names  are  used  by  Dr.  Logan,  the  State  Geologist, 
in  his  recent  report.^  on  Kaolin  ilrposits  (IDIH)  and  Petroleum  and  Natural 
Gas  (1920)  and  arc  otiicially  adopted  by  the  Indiana  Survey. 

The  Chester  of  the  Mississippi  valley  has  been  correlated  with  the  Mavdi 

*  The  senior  vrate  to  Dr.  Waller  nrty  In  ISM  MisRMUmr  flwt  th«e  thm  aiMtvlaliHii 
of  the  Chester  b«  «ivcn  caogmpliie  aamcB,  mad  prapoied  the  bmocs  Wmt  Badm  maA  StUPfcWM 
port  tor  the  lower  and  middle  dlvtiilanii,  re»pertlvriy.  iniarKe«tln«c  that  Dr.  Wdler  propme  a 

IMmc  for  th<-  ii|ip<  I  ilivi'-inn.  T(:i  l;itt<  f .  hovrvt  r  ,  r  xjitrvM-d  ii  drsirr  fi>  |M>!«tpono  tho  naminB 
of  these  (liviiwris ;  anil  in  dcU-rvnco  to  hiit  wixhcx  tht-y  urv  rvfvi  i-rd  t<>  mcrfly  as  lower,  middle 

■ad  iii>per. 
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Chunk  of  Pennsylvania  by  Fontaine  and  White  (1880),  Le«quereux  (1880), 
Lesley  <188«,  618,  666)  and  others,  and  with  the  Maxville  limestone  of  Ohio 

by  Andrews  (1871).  Newberry  (187  J)  and  Hpi  rick  (1888,  21-23).  Schuchert 
(1910,  553)  correlates  it  with  the  Maxville  of  Ohio  and  with  the  Greenbrier 
and  Uaach  Chunk  of  Pennsylvania.  Ulridi  (1911,  pi.  2U)  correlates  the  St. 
Genevieve  with  the  Maxville  and  Ik  i  pper  Chester  with  the  Mauch  Chunk. 
These  correlations  cannot  be  regarded  as  possessing  any  claims  to  finality. 

(Other  references  to  the  Chester  of  Indiana  ai'e  as  follows:  Cox  1872, 
81;  Collett  1874,  195,  199-200,  272-274,  27i);  Cox  1875,  14;  Collett  1876,  314- 
315,  Kaskaskia  limestone— upper  member  of  Chester  proup;  Collett  1870,  :?0;^ 
306,  425,  430-432;  Gorby  1886,  147-149;  Thompson  1886,  78,  84-85;  Beede  and 
Shannon  1907,  888-422,  nuuiy  detailed  wdl  sections.) 

Paoli. — Th«  knPSSt  member  of  the  Chester  scries  in  Indiana  is  a  compact 
oolitic  limestone,  forming  the  top  of  the  .so-called  Mitchell  limestone.  It  i.s 
regarded  as  a  member  of  the  Gasper  of  Butts  (1918,  G4),  the  name  Gasper 
talcing  the  place  of  Ulrich's  name  "Tribune".  Tin  name  Gasper  cornea  from 
the  Gasper  rvvor  in  Warren  County.  Kentucky.  The  name  I'luili  limostone 
is  proposed  for  this  member  in  Indiana.  The  rock  is  u  typical  oolite  containing 
an  aboniidanee  of  sliot-like  irrains  with  conenttric  structure.  Its  color  is  dark 
gray  to  nearly  white. 

The  Paoli  is  very  fo.ssiliferous  in  Places,  and  Butts  and  Ulrich  (1918) 
list  an  extensive  faana  from  the  Gasper  formation  of  Kentucky.  No  adequate 
list  is  as  yet  available  from  Indiana. 

Mooretoivn.  The  first  clastic  unit  of  the  Chester  seiies  of  southern 
Indiana  consists  of  shale  or  sandstone,  or  shale  and  .sandstone,  ranging 
fman  10  to  60  feet  in  thickness.  The  typical  thickness  is  about  20 
feet.  This  horizon  was  at  first  thought  to  be  equivalent  to  the  Sample  .sand- 
stone of  Butts,  and  was  so  designated  by  Malott  (1919)  in  his  paper  on  the 
American  Bottoms  region.  Later  investigations,  as  yet  unpublished,  by  Butts 
and  Malott  in  .southern  Indiana  and  in  Meade  and  Brcckcnridgc  counties, 
Kentucky,  have  shown  that  Malott's  Brandy  Run  sandstone  is  equivalent  to 
the  Sample  sandstone,  and  that  the  first  clastic  member  of  the  Chester  in 
Indiana  is  an  as  yet  unnamed  fomation  below  the  Beaver  Bend  limestone. 
It  is  present  locally  in  Meade  and  Breckenridgc  counties,  Kentucky,  and  is  an 
important  horizon  throughout  southern  Indiana.  It  is  used  to  mark  the  top 
of  the  Mitchell  lithologic  unit.  Locally,  as  in  the  sandstone  ridge  south  of 
New  Amsterdam,  overlooking  the  Ohio  river,  it  is  a  very  massive  sandstone. 
Here  it  attains  a  thickness  of  GO  feet.  Malott  suggests  that  this  important 
dastic  horiion  be  named  the  Mooretown  after  the  village  of  Mooretown, 
near  which  excellent  exposures  occur,  which  may  be  dilTci  ( iated  from  the 
Beaver  Bend  limestone  above  and  the  Paoli  limestone  below. 

Beaver  Bend. — ^The  Beaver  Bend  limestone  of  Malott  (1919.  9)  is  another 
member  of  the  lower  Gasper  of  Butts.  It  is  liij^hly  O0k>tic,  often  massive, 
and  conspicuously  jointed,  forming  along  its  outcrop  an  important  s|iring 
Itee.  The  name  comes  from  the  big  bend  of  Beaver  creek,  near  Huron,  Law- 
rence County,  Indiana. 

Sn)nple.--ln  Kentucky  Butts  recognizes  a  sanrlstoiic  formation  in  the 
midst  of  the  "Gasper",  which  he  calls  the  Sample  .sandstone  (1918,  71).  The 
name  is  from  Sample  station,  Breekenridge  County,  Kentuelq^.  At  that  point 
tha  formation  is  40  feet  thick  and  is  a  massive  medium  coarse-grained  siliceous 
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sandstonp:  but  it  varies  notably  in  lithology  and  thickness  from  point  to 
point,  ut  times  becoming  quite  slwly.  It  is  a  penistNit  horison  in  Indiana, 
partly  shale  and  partly  sandstone,  80  to  60  feet  thick. 

ReeUvUle,— The  Reelsville  of  Malott  (1919,  10)  is  a  thin  limestone  from 
2  to  10  feet  thick  of  a  compact  oolitic  to  salM>8Iitic  texture.  It  weathers  to 
a  reddi.^h  color.  It  is  a  very  persistent  stratum  extending  from  the  type 
locality  in  Putnam  County,  Indiana,  into  Meade  and  Breckonridfje  countieB 
in  Kentucky,  where  it  constitutes  a  member  of  the  Gasper  formation. 

Blwren. — ^The  interval  between  the  Reelsville  and  the  next  higher  lime- 
stone (Beech  Creek)  is  occupied  by  40  to  50  feet  of  sandstone  and  .shale, 
named  Elwren  by  Malott  (1919,  11).  from  Elwren  station  on  the  Illinois 
Central  raOroad  in  Monroe  County,  Indiana.  It  is  exposed  in  the  cuts  near 
the  station.  Usually  it  consists  of  two  masses  of  sandstone  separated  by  a 
shale  horizon.  The  sandstone  is  usually  distinctly  bedded:  but  is  occasionally 
massive.    It  is  of  a  rusty  brown  color  on  the  weathered  outcrop. 

Bwek  Creek. — ^Malott  gives  the  name  Beedi  Creek  (1019,  11)  to  a  per- 
sistent limestone  formation  from  S  to  2-1  feet  thick,  to  which  the'ttaiUe  "middle" 
or  "seeond"  limestone  has  commonly  been  applied  in  the  Indiana  reports. 
Baedi  Cnek  is  a  small  stream  in  eastern  Greene  County,  Indiana.  The  Beech 
Creek  formation  consists  of  two  or  more  thin  bedded  .'Strata,  attaining  a 
maximum  thickness  of  24  feet,  but  averaging  about  12  feet.  On  the  weathered 
outcrop  it  presents  a  ragged  face  made  up  of  cubical  chunks  of  limestone. 
"It  is  a  gray,  compact  to  sub-oolitic,  and  often  semi-crystalline  limestone, 
fretjuently  locally  quite  completely  oolitic,  and  contains  larpe  numbers  of 
brachiopods,  especially  of  the  genus  Productus.  Of  the  succession  of  Chester 
limestones,  none  contoina  such  a  large  number  of  large  wdl-preaerved  crinoid 
stems  standing  out  prominently  on  the  weathered  faces  as  the  Beech  Creek" 
(Malott  1919,  13).  In  the  Greene  County  area  the  upper  ledge  of  the  forma- 
tion contoins  considerable  sand  and  day  and  weathers  yellow.  In  this  ledge 
are  also  found  several  species  of  Arrhiiurdi  -^,  The  outcrop  of  the  Beech  Creek 
limestone  forms  the  most  important  spring  bearing  horison  of  any  of  tlie 
Chester  formations.  This  limestone  forms  the  upper  membsr  of  the  "Gasper" 
of  Butte. 

Ct/pffis-. — This  is  one  of  the  most  conspicuous  subdivisions  of  the  Chester 
of  Illinois,  Indiana  and  Kentucky,  and  the  tirst  to  receive  a  geographic  name. 
The  name  Cypntn  was  proposed  by  Engelmann  in  1802  for  *'No.  8"  of  his 
section  (18fi8,  189-190).*  The  name  was  used  in  the  early  Illinois  reports  by 
Engelmann  and  Worthen  (1866,  366).  In  Kentucky  Norwood  (1876,  369) 
calls  it  the  "Big  Clifty"  sandstone.  It  was  often  confused  wilii  the  "Per* 
ruginous"  (Aux  Vases)  sandstone  at  the  base  of  the  Chester  and  was  wrongly 
correlated  with  the  Bethel  (Yankeetown)  by  Ulrich.  Ulrich  revived  the 
name  in  1905  and  it  has  been  in  conmion  use  since  (see  Greene  1011;  Weller 
1914;  Ulrich  &  Butts  1018;  Ualott  1010,  1020;  Logan  1010,  1920;  Wdler 
1920.  1920a,  etc.) 

In  Indiana  it  is  usually  a  massive,  non-bedded  or  indistinctly  bedded, 
medium  to  coarse  grained,  yellowish  to  whitish  sandstone,  about  SO  feet  thick. 

It  weathers  reddish  brown,  especially  along  the  joints.  Being  massive  and 
strong,  it  is  a  clilT-makin^:  ruck,  and  has  often  been  mistaken  for  the  Mans- 

*  Enslcroann's  phpit  was  read  in  1862.  The  rinul  |iublir«tiun  of  the  volume  ot  Imniuictioiii 
■MM  to  iNive  been  iit  1SS8.   Weeks  (ISM)  «ivM  ISSB.  mhI  Wdler  ISSS. 
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field,  from  which  it  differs  in  always  lacking  the  quartz  pebbles  of  the  latter. 
In  Mmie  aeetkma  fhe  Interval  of  th«  Cypress  is  occupied  hy  shales.  Toward 

the  top  the  formation  bpcomes  shaly  and  prades  into  the  Iruiian  Springs  .shales. 
The  Cypress  is  separated  by  a  disconfoiitiity  from  the  unrleriyinj;  formations. 

IndioM  ISpringM. — Malott  (1920,  521-522)  has  proposed  the  name  Indian 
Springs  shale  for  the  blve-gray  to  olive  shales  about  20  feet  thick  eominonly 
seen  between  the  Cypress  sandstone  and  the  overlying  Golconda  limestone. 

Golcomla. — This  name  was  proposed  by  Butts  (1918,  91)*  for  the  per- 
sistent limestone  bed  overlying  the  Cypress  sandstone  and  Indian  Spring  shales. 
Butts  includes  in  iSait  Goleoada  a  eensiderable  tiiidoiess  of  limestone  and 
shale,  the  lower  shale  evidently  corresponding:  to  our  Indian  Springs.  Above 
this  shale  he  has  10  feet  of  coarsely  crystalline  fossiliferous  limestone  which 
he  calls  the  PtefotoerintM  eopttolis  sone.  Then  eome  80  feet  of  shale,  and 
limestones  weathrrincr  to  a  lemon  yellow  color,  capped  by  80  to  40  feet  of 
solid,  fairly  pure  limestone. 

In  InAana  Malott  recogniaes  some  80  feet  of  limesttme  and  shaly  partings 
in  this  formation.  The  limestone  is  coarse,  semi-crystalline,  often  oolitic,  and 
contains  large  numbers  of  Crinoids  and  Blastoids  and  several  species  of 
Archimedes.  It  is  the  upper  or  3d  limestone  of  Indiana  authors.  It  is  the 
only  Chestsr  limestone  containing  chert,  whidi  in  this  rock  is  quite  abundant. 

H(irdin>-h}i !■(!. — The  con.'^picuou.s  sandstone  seen  above  the  Golconda  lime- 
Stone  in  Southern  Indiana  and  Kentucky  lias  been  named  Hardinsburg  by 
Butts  (1918,  96)  from  Hardlnsbur^  in  Breekenridge  County,  Kentttdty.  At 
the  type  locality  it  is  at  lea.<;t  30  feet  thick.  In  Indiana  it  is  a  somcwliat 
slialy,  flaggy  sandstone  from  25  to  55  feet  thick.  The  flagstonas  are  ripple- 
maxked  and  very  resistent  to  erosion,  forming  small  bendMS  vn  the  outcrop. 

Gim  Dean. — ^This  limestone  Is  named  by  Butts  (1918,  97)  from  the  town 

of  Glen  Dean  in  southern  Breckonridpre  County,  Kentucky,  where  it  i.s  exposed 
along  the  railroad.  In  its  type  locality  it  consists  of  varying  proportions  of 
limestone  and  shale  and  some  sandstone.  The  limestone  is  bluish-gray,  medium 
thick-bpridod,  and  characterized  by  the  fc^sils  Pri^uiopora  nerraJtlUck  and 
Archimedes  Utxm.  The  lower  layers  are  crowded  with  bases  of  Ajrasslsoerfinu 
and  a  riender  ArehSmtdea. 

In  Indiana  the  formation  is  from  10  to  45  feet  thick,  massive,  cream- 
colored,  odlitic,  and  abounding  in  specimens  of  large  PtntremUe*.  It  is  more 
characteristically  odlitic  than  any  other  Chester  limestone.  It  resembles 
litholoi^eally  the  Beaver  Bend  limestone. 

Tar  Sprl}ir;r.--Buity-,  who  proposes  the  name,  credit.s  it  tn  Owen  (1857). 
It  does  not  appear  that  Owen  used  the  name  in  a  very  definite  way  and  the 
writer  prefers  to  credit  it  to  Butts  (1918,  103).  At  Tar  Springs,  Breeken- 
ridge  County,  Kentucky,  the  sprin^rs  issuing;  from  the  sandstone  yield  petroleum 
and  this  has  griven  rise  to  the  name.  At  the  type  locality  the  formation,  ae> 
cording  to  Butts,  i.s  a  thick-bedded,  massive,  milium  to  coarse  grained,  firmly 
cemented  sandstone.  Lucnlly  it  is  highly  cross-bedded.  The  sand  grains  are 
commonly  well  rounded  and  about  0.3  mm.  in  averape  diameter.  The  forma- 
tion varies  from  a  few  feet  up  to  50  feet  thick.  Plant  remains  arc  common  in 
the  rock. 

"  HuU-  (/or.  cit.)  says  thi'  immi-  wilm  first  xioeti  by  Ulrich  in  a  imper  read  liefiirc  thf 
UeoloKtciU  Society  of  America  in  Ueoember,  lOlii.  I  do  not  fliul  any  reference  to  the  name 
ia  flM  report  sad  sMnwt  of  psvem  of  fhat  mwotlng 
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In  Indiana  it  is  irregular  in  thidaiess  and  cbaracter,  varying  from  a 

massivr  .sandstone  to  bands  of  shale  sandstone  and  limestone,  in  sorae  aeetions 

scarcely  lecosrnizable.    It  ipsts  disconformably  on  the  Glen  Dean. 

Siberia. — Malott  (192U,  521-522)  proposes  the  name  Siberia  limestone  from 
the  town  of  Siberia,  in  norfhem  Perry  County,  Indiana,  for  a  thin  Ihnestone 
lying  between  the  Tar  Springs  sandstone  and  the  overlyinf!:  sandy  and  vari- 
egated shales  of  the  Buffalo  Wallow  formation.  It  is  a  rather  persistent 
eoarae-grained  ailioaous,  aoinewhat  eroaibedded  limefltone  varying  from  a  few 
feet  to  25  feet  in  thielmese.  It  Is  probably  of  about  the  age  of  the  Vienna  Ihne- 
stone of  Illinois. 

Buffalo  WaUow. — On  account  of  the  difficulty  or  impossibility  of  recog- 
nising the  higlier  formations  of  Soutliem  Illinois  and  Western  Kmtuelcy,  in 
Breckenridgre  and  Warren  counties,  Kentucky,  Butts  (1018,  112)  proposed 
the  name  Buffalo  Wallow  formation  for  the  succession  of  variegated  shales, 
limestones  and  sandstones  above  tiie  Tar  Springs  formatioa.  Owing  to  simihir 
difficulties  it  has  seemed  best  to  use  thi.s  (Icsit^nation  for  the  highest  Chester 
beds  in  Southern  Indiana,  and  not  attempt  further  subdivision  at  present. 
These  shales  are  very  variable  in  color,  being  yellow,  maroon,  green,  blue, 
etc.*  and  often  very  soft  and  slipper^',  especially  in  weathered  outcrops. 

Faunas. — No  adotiuate  li.sts  of  fo.^^il.•^  are  as  yet  available  from  these 
newly  detincd  formations  in  Indiana.  Butts  and  Ulrich  (1918)  have  given 
lists  from  the  equivalent  Chester  limestones  in  Kentneky;  and  llie  student  is 
referred  to  their  memoir.  The  faunas  of  the  Chester  of  Illinois  have  been 
minutely  studied  by  Dr.  Weller,  and  his  papers,  particularly  on  the  Missis- 
sippian  Braehiopoda  (1914)  and  the  Geology  of  Hardin  County,  Illinois, 
(1920a)  should  be  consulted.  The  older  li.sts  from  the  entire  Chester  would  be 
of  little  benefit  in  the  present  stage  of  our  knowledge,  and  are,  therefore,  not 
induded.   (See  Kindle  1898,  408-488.) 

From  Bvtto'  <lStS)  ItoU  a  f ew  of  «Im  mm  dttnwterMie  apeeiai  «re  iciMtad  and  mmow 
■ted  bduw: 

Casper  udlite.  TrijAopltyUitm  »pinulotum  E.  &  H.,  TaXaroerinut  simplex  Slmmard,  T. 
Mfmiotmt  (Shiunard).  T.  nmmHrieMt  L.  &  C.  T.  patei  M.  a  G.,  AtMaitocrimu  emUnM 
O.  a  8«  PantfvaiftM  pyriformU  Say.  P.  godoni  tie  France;  P.  wlMla*  Becnwr.  Artkimidm 
mttkmuB  tun.  A,  taaw  Hall,  i^gnparm  wimamgtMlm  Hall.  Cvitatiwtiw  tOeUM  Ulrleh.  Ortho- 
tktUa  feaaftaaM*Ml*  (MeChMney) ,  Pndmehu  htflattu  MeOhMnay,  P.  avotiM  RalL  Diaphraffmm 
elci/ant  (N.  ft  P.).  (7irt)fella  indiancntU  (Girty),  (i.  brrrilobafa  Swallow,  Diilatma  illinoitcntt 
Weller.  Camarophoria  erplania  ( MeOtesney ) .  Spirifrrina  Irann'trta  McCbesn«7y,  ^>.  tpinoam 
(N.  &  r.).  Reticvlaria  s.tiu'ra  (Ilalli.  Cnni-omta  -abuuadfmU  IHall).  C.  trttUUkU  CHaH). 
CHotkipriditta  tublamrUvia   (Hall  I.  Kumilna  it  ra  iI{;ilU. 

Qolconda  limeBtone. — TriplophyUutu  jjmjiu/hvudi  K,  \  II..  I'terotorrintu  raiiitalit  Lyon.  P. 
<a|irwnM  L.  a  C  Pmtremit«M  obtna  Lyoa.  P.  godvni  de  France,  P.  pf/riformia  Say,  Arehimudea 
etmunaOa  UlrM.  A.  aMitoiaa  Hall,  A.  twaltowaaaa  HaO.  A.  tafjaalvk  inrtdi.  A.  ttr^^rmk 
Ulrleh.  A.  mmfintaa  Ulfteb.  StytejiMWi  aHtsaadnwu  Ulrieb.  Lgnprnm  qwimMiaafallt  Halb 
PnduetuM  owmhu  Hall.  Dimphraimtf  thgana  N.  a  P..  Putlvla  fKehfnttrotuAiu)  genei'ifrentii 

Wt'llcr,  Camarophoria  cjcpfana/a  (McChesncy),  Siiirifrr  fn./,  m  N,  A-  P.,  .S,  piUantKiit  '  Wi-ller, 
Hpirifernia  apinosa  N.  It  P.,       trantvrrta  ( Mf(h<>rii'y » .  ihnlhurnltita  Mulilaim  llona  (Hall). 

Glen  Dean  \lme»tone.-  TrijilophiHIum  npinulimum  i  K.  *  H.i.  I'li  rutucrinuM  di'jirrjMiiii 
L.  &  C  P.  ae%Uu$  Wetharby,  /'.  artUu*  var.  biiurratiui  Wcthcrby.  AgaMiuofrinua  eonieuM 
O.  ft  S..  Pentremitst  pyiwaUMKc  Ulrleh.  P.  pifriformU  Say,  P.  goiomi  dl France,  Mrekopon 
ctoMM  Utrieh,  SUtuptrm  raama  Ulrich.  Aniuotrup*  aoHda  Ulrich.  5fptapara  Matrfeaafa  Pnwt. 
5.  tuh^Mdrmm  UMeh,  Lunpera  rawaafalaai  UMdi,  Artiiimtita  mrdcaNaf  Hall.  A.  awaBtmamm 
Hall,  A.  lama  Hall,  A.  tublajeua  Ulricli,  Priamopora  acrratafa  Ulrich.  strcbioirvpa  nieklaal 
Ulrich,  Orth4)theUM  l:a»ka»kirtuU  (McCheancy).  Prodnrtua  ovatun  Hall.  P.  inflttiu^  MrChetncy^ 
Lliaphraintitu  e!fii<nts  iS.  &  P.\,  Camaropkorin  i  xjilauala  I  Mi  i  hi  >incy) ,  tHiUiiiiiia  illiHoixrnat 
Weller,  GirtyeUa  indiantnaia  (GirtyJ.  Spiriftr  increbcaccna  Halt.  6'.  Uidui  N.  a  P..  UvrtimS* 
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MlM«a  Wdw,  RattetOart*  attigan  (Han).  Sptriferim  ofmw  CM.  *  P-).  S.  tnmmunm 
(MeOwMwr).  CSwvwte  irkmdtm  (HaU),  C.  Mftgwirirata  CHaU).  OMkurtiim*  mMmtuaamt 
fHalt).  ^nmrfHa  vara  <H«n),  S.  mtata  Han. 

ItufTaln  Wnllnw  fomiation. — THptopkyllum  tplnuloKU III  F.  k  H..  rrnfri  mitrii  y|»ratlllallH 
ririi  ti.  /'fi  ;<i((/rnrii«  tteprriinui  L.  A  C.  .li/oiijn.:omwu^  coMirii*  O.  &  S..  Archimfdft  loflW 
HhII.     1.    siciiJ/oiconuji  I.    nrtr  Arunun    IIhII.    .S'< /if^pjjxru    .•<u'/'/i/ii</ratiH    I'li  ich,  Strchtolrupit 

niekUui  ITIrirh.  < trthttllii  tm  k<Uik<uki€n»i»  ( MrChesncy ) ,  I'rodurtwf  oratuf  tinll.  PiaithraumuM 
rtegant  (N.  ft  I'.i.  <'amorO|ihoria  aK]>lana(a  (McChcsni-y) ,  Spiriffr  Iridui  N.  &  P..  S, 
iMcrvAMMiM  Hall,  Spirifermm  tr— wraa  (McChcaacy).  5.  «P«m)M  (N.  *  P.).  Acttoitaria 
■rttem  (Ifall).  afarttete  aaleata  Wallmr.  CtfmpaiAa  aaftoaoArvto  (Ball),  CNMk«rMtoa  mA- 
lairtlaae  Hall.  Smmtlria  vera  (Hall).  SuUatipintia  mtMcwrieiwte  SwaUofW.  Ifvafim  Hear 
tmaOowi  MeChcanejr.  BtteanopaU  textOis  (Hall),  KwmpKaltu  tAtmUonatta  H.  A  W. 


Chaprr  V. 

PKXNSYLVANIAN. 

The  term  Pennsylvanian  or  Pennsylvania  series  was  first  used  by  J.  C. 
Branner  (1891,  xiii)  and  H.  S.  Williams  (1891,  83,  etc.).  It  was  the  pro- 
posal of  Professor  Williams;  and  supersedes  the  older  term  "Coal  Measures". 
H.  D.  Rogers  (1858)  divided  the  Coal  Measures  or  "Serai"  series*  into  the 
Serai  Coni^omerate,  Lower  Productive,  Lower  Barren,  Upper  Productive,  and 
Upper  Barren  Coal  Measures.  The  basal  conglomerate  had  lon^r  hron  known 
both  in  this  country  and  in  Europe  as  the  Millstone  Grit,  a  name  which  occurs 
occasionally  fa)  Indiana  literatim  down  to  (ex.  VanGorder,  1916,  248). 
The  tc  rm.s  Lower  Productive,  Lower  Barren,  etc.,  have  al-o  been  commonly 
used  in  America,  especially  in  the  Appalachian  coal  fields.  It  should  be  noted, 
however,  that  Hw  barren  limestone  of  Owen  and  Barren  Group  of  SaflTord  and 
Killobrew  have  nothing  to  do  with  these  coal  measures  groupa,  and  belong  in 
the  Mississippian.  The  Indiana  Cnul  Measures  have  been  ffffwmwnly  lefenred 
to  the  Lower  Productive  and  Lower  Barren  divibion^. 

The  MiUatone  Grit  or  Serai  Conglomerate,  was,  in  r^rt  HH  of  the 
Pennsylvania  survey  (Lesley  1877,  xxvi)  renamed  the  Pottsville  congloinerate 
by  Lesley.**    The  Pottsville  of  the  Appalachian  region  is  a  composite  series 

*Tlie  aivcalleti  "tnmKPndciital  nomenelatare"  of  tha  Bagan  Brothers  (H.  D.  and  W.  B.) 

In  now  II  ituitirr  «r  :i n( hiuh r in n  inli  rt'>t  <inly.  Thrir  ubIHW.  fateflllg  Mlfalir  ttt  paita  0(  tiw 
day,  arc  as  fuUowit  (nxjUern  C(|uivitl«nl  in  brackcta)  :— 

Zn.  Sand  (PattavUa  aad  Gael  Itaama.] 


XI. 

Umliral 

jlMlaaiaaipphM.] 

X. 

Vesi>ertinc 

IX. 

[CUahllL] 

vm. 

3Miaa.1 

vn. 

^^JJ^";;"'""|[Ori»k.ny.  Sdiohari«,  Oamlftnm] 

VI. 

Premeridlan 

[Lower  Hdderberc.] 

V. 

Scalcnt 
Sorcent 

jtaiatoa,  Salbia.] 

IV. 

Lavaat 

f  Oneida.  lMiBa.1 

III. 

Matiiial 

1  Trenton.  Dtica,  Lorraine.  J 

LL 

Aurorml 

[Bcekmantowa  to  Black  Bivcr.] 

I. 

Prinal 

[Cambrian.] 

**  It  nppcara  that  Lesley   suKVCsted  the  name,  althoUKh  it   first  occurs  in  a  MINHt 
F.  aad  W.  G.  PUtt.   Tha  Uttar  credit  it  to  Lealer.  aa  doca  alao  Aabbumar  (ISTTt  US),  to 
vkoB  WialB  <UM)  ondlla  Om  aaaM. 
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of  sandstones,  conglomerates,  shales  and  coals,  of  great  thickness,  and  has  in 
later  years  been  subdivided  into  a  large  number  of  named  formations,  as 
indieatod  bdow. 

The  Lowrr  Productive  Coal  Measures  were  also  callrd  the  Allcig^wny 
series  by  Rogers  (1840,  177)  and  this  name  used  in  all  the  later  Pennqrl- 
Tshia  reports,  is  the  generally  accepted  designatioii  of  the  lower  ooal  measaree 
proper.  The  Allegheny  also  containa  a  very  large  number  of  named  forma- 
tions, which  will  be  listed  below. 

In  Pennsylvania  these  important  coal  bearing  beds  are  overlain  by  a  series 
of  formations  (Lower  Barren  rocks)  in  which  leas  commerdaUy  important 
coal  is  found,  and  to  those  beds  Piatt  (187"),  8)  applied  the  name  Conemauph 
series,  without,  however,  adequately  defining  the  term.  It  was  carefully  re- 
defined by  O'Hara  (1900,  118)  of  tiie  Maryland  Survqr.  The  Upper  coal 
measures  of  Indiana  possibly  bdrnig  in  this  division. 

The  Upper  Productive  Measures  have  also  been  commonly  known  as  the 
Monongahela  series,  a  term  first  used  by  Rogers  in  1840  (1840,  150).  These 
roelca  are  probably  not  represented  in  Indiana. 

The  Upper  Barren  of  authors  is  the  Dunkard  or  Dunkard  Creek  series 
of  I.  C.  White  (1891,  20)  and  is  generally  conceded  to  be  of  Permian  age.  No 
recognizable  representative  of  the  Permian  has  been  found  in  Indiana.  Certain 
beds  near  Danville,  Illinois,  have  l>een  very  donbtfnlly  correlated  with  the 


The  typical  development  of  the  Pennsylvanian  in  the  Appalachian  province 
may  be  expressed  in  detail,  as  follows: — 


Permian. 


'Waynesburp  coal 

Brownstown  sandstone 
Little  Waynesburg 
Waynesburg  limestone 
Uniontown  sandatone 

Uniontown  coal 
Uniontown  iime.stuiie 


Monongahela 
(Upper  Productive) 


Ritchie  red  beds 

j  Tyler  red  beds 
i  Benwood  limestone 
Upper  Sewickley  coal 
Sewickley  sandstone 
Lower  Sewickley  coal 
Fishpot  limestone 
Redstone  coal 
Redstone  limestone 
Pittsburg  sandstone 
^  Pittsburg  coal 


Digitized  by  Google 


Department  of  CoNeoBSVATioN 


Conemaugh 
(Lower  Barren) 


Little  Pittsburg  limestone 
Little  Pittsburjr  coal 
Little  Clarksburg  coal 
Morgaatown  sandstone 
Elk  Lick  coal 
Washington  reds 
Ames  limestone 
Hurl  cm  coal 
Pittsburg  rads 
Barton  coal 
Cowrun  sandstone 
Anderson  coal 
Combridjfe  limestone 
Iluffalo  .^aiifistone 
Brush  creek  limestone 
Brush  creek  coal 
Upper  M alMninff 
Gallitzin  coal 
Mahoning  limestone 
Lower  Mahoning 
UflBngtoi  shale 


Allecbeiqr 
(Loirar  Prodnetlve) 


Upper  Freeport  coal 
Upper  Freeport  Ifanestone 

Butler  sandstone 
Lower  Freeport  coal 
Lower  Freeport  limestone 

Freeport  sandstone 
Upper  KittanninK 
Johnstown  limestone 
Middle  Kittanning 
Lower  Kittanninf? 
Van  Fort  limestone 
Clarion  coal 
Clarion  sandstone 
Putnam  Hill  limestone 
Brookville  coal 
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Ptottsville 


Kanawah  or  Upper  Pottaville 


Sew«ll  or  Middle  Pottsville 


Loiver  Pottsvillfl 


Lee 


Weleh 


Hoinewtxxl  sjiml.stone 

Tione^^ta  sandslune 

Upper  Meroer 

Lower  Mcreer 

Upper  ConuqucuetwuiK 

Qvakertown 

Lower  Conoqueoeiving 

^Sharon 

norirwjillow 
Dismal 

I  Rockcaotle 
^1  Sewanee 

'  Bonair  1 

iKfna  ' 


Raleigh 


iQuiimiiuont 

|Glark 

^Pocahontae 


According  to  Ashley,  Colonel  Crogan  noticed  coal  on  the  Wabash  River 
in  1768.  Robert  Fulton  dug  coal  at  Fulton,  Perry  County,  Indiana,  in  1812. 
Oven  mentions  coal  repeatedly  in  his  1837  Reconnaissance;  and  Lawrence 
Byrem  indicates  it  on  his  jreoloRical  map  of  the  western  states  in  1843.  Hall's 
geological  map  of  eastern  North  America  was  also  published  in  1843,  with 
the  final  report  of  the  4th  New  York  Diatrict,  and  shows  the  outlines  of  the 
coal  basins  in  a  general  way.  The  coal  measures  of  the  west  are  mentioned 
by  Hall  in  1843  in  his  section  from  Cleveland  to  the  Mississippi  River.  The 
Geologieal  Survey  of  Iowa,  Wisconnn  and  Illinois  by  D.  D.  Owen  in  1844 
gives  a  chart  of  the  Illinois-Indiana  coal  field.  Richard  C.  Tsylor  publi.shed 
a  map  of  the  Indiana-Illinois  coal  field  in  1848  in  his  "Statistica  of  Coal".  In 
1848  also  David  Christy  in  his  "Letters  on  Geology"  gave  a  aeetion  of  the 
lower  Carboniferous  as  exposed  between  Paoli  and  Freneh  Uek  and  noted  the 
geosyncUnal  structure  of  the  coal  basin. 

David  Dale  Owen  in  the  1869  reprint  of  the  1887  geological  Reconnaissance 
of  Indiana  gives  several  sectlaQS  of  the  Indiana  coal  measure.s  (for  example 
p.  P>2)  in  which  the  coals  are  numbered  from  above  downward.  In  the  third 
volume  of  the  Kentucky  reports,  Owen  (1857a,  18-24)  presents  a  "Connected 
aeetion  of  upper  and  lower  Coal  Measures  of  western  Kentuclcy",  in  which 
the  coals  are  numbered  from  1  to  18,  beginning  with  the  Uwest  coal  and 
numbering  upward.  Just  above  his  number  12  coal  is  a  hard  sandstone  called 
in  Kcntudcy  Hie  "Anvil  Rock".  The  coals  of  wmrfcahle  thieknest  are  said  to 
be  all  below  this  ".Anvil  Rock".  "It  would  appear,"  he  states,  (p,  21)  "from 
the  foregoing  section  of  the  five  hundred  and  fifty  feet  above  the  Anvil  Itock, 
that  we  have,  in  this  position,  the  only  real  Barren  Coal  Measures  in  the  west". 

I>.  I).  Owen's  nomenclature  was  accepted  by  Lesquereux  (18fi2,  279)  in 
the  Richard  Owen  Reconnaissance  Report;  and  he  attempted  to  apply  it 
in  southern  InAana.  He  identified  the  SO  foot  sandstone  at  the  "Cut-olP* 
of  the  Wabash  near  New  Harmony  as  the  equivaloit  of  the  sandstone  between 
coals  14  and  15  of  Owen's  section.  This  sandstone  is  probably  the  equivalent 
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of  th«  Merom  of  the  preient  classifleatlon  (bat  see  Fuller,  Patoka  Quadrangle). 

The  Anvil  Rock  may  probably  bo  identified  as  the  Busseron  sandstone  above 
Indiana  coal  VII,  and  Owen's  coal  9  is  quite  certainly  the  well-known  coal  V 
of  Indiana  and  Illinois.  Indiana  VI  and  VII  may  be  correlated  with  Ken* 
tucky  11  and  12.  The  coals  below  No.  9  of  the  Kentucky  section  cannot  be 
matched  with  the  Indiana  coals  with  any  assurance.  Lesquereux  correlated 
the  Brazil  coals  with  Owen's  No.  1. 

In  the  First  Annual  Report  of  the  Indiana  Sur\'ey,  Cox  (1869,  19-46) 
abandoned  Owen's  numerical  system  altogether,  and  substituted  a  set  of  letters 
from  A  to  N,  The  letter  O  was  added  subsequently  by  J.  T.  Scovell  (1897, 
517).  Cox's  system  was  inelastic  and  was  never  applied  with  any  degree  of 
consistency  in  the  various  counties.  It  was  no  improvement  on  Owen's  term- 
inology. Cox's  K  usually  refers  to  our  coal  V.  He  uses  the  term  "Block 
Coals**  in  a  different  sense  fhmi  its  present  meaning.  This  letter  sdieme  oeeurs 
In  the  Annual  Reports  down  to  the  great  coal  report  of  Ashley  in  1890. 

In  the  latter  year  the  Indiana  Survey,  under  Dr.  W.  S.  Blatchley,  State 
Geologist,  published  a  gigantic  volume  of  1741  pages,  the  28d.  Annual  Ifeport, 
on  coal.  Mr.  G.  H.  Ashley  was  chiefly  responsible  for  this  report.  The  coal 
veins  are  discussed  in  detail  by  counties,  with  a  bibliography  of  previous 
work  on  caeh  county.  Ashley  here  proposed  to  divide  the  Indiana  Coal 
Measures  into  nine  divisions  numbered  from  I  to  IX  (Roman),  each  division 
containing  a  prominent  coal,  except  No.  I,  which  stood  for  the  Mansfield  forma- 
tion, with  its  minor  coal  veins  (Cannelton  coal,  etc.),  and  division  IX,  which 
la  the  Iferom  Sandstone.  Other  coal  seams  than  the  main  one  of  the  division 
were  foven  sub  letters;  thus  ooal  Va,  Vb,  etc  These  numbers  have  cMne  into 
general  use. 

In  1909  a  supplementary  coal  report  was  puUished  by  the  Blatchley  Sur- 
vey (the  r^fid  Annual  Report),  also  over  the  name  of  Dr.  Ashley,  this  time  in 
cooperation  with  the  U.  S.  (^logical  Survey.*  Certain  errors  in  the  1899 
report  were  corrected.  It  was  found  that  the  eoals  had  not  always  been 
properly  correlated  in  the  several  counties.  For  example,  coal  VI  of  Clay 
County  corresponds  to  coal  III  of  most  of  the  State.  Ashley,  therefore,  pro- 
posed to  retain  the  1899  numbers  from  III  to  VIT  as  used  in  Sullivan  County, 
and  to  use  II  for  the  upper  coal  at  Min.^hall.  Coal  V  is  the  bed  outcropping 
at  Alum  Cave,  and  VI  is  coal  VI  of  the  1899  report,  50  to  75  feet  above  coal  V. 
VII  is  old  coal  VII  of  Sullivan  County,  outcropping  on  Busseron  creek.  Coal 
IV  is  old  coal  IV  of  Linton,  and  coal  VII  of  northeastern  Vigo  County,  of  the 
1899  report.  .  Coal  III  is  the  lowest  coal  worked  at  Linton.  It  is  correlated 
with  the  Rock  Ci-eek  coal  of  the  Ditney  Folio.  For  the  coals  below  II,  local 
names  are  used  in  the  19M  report  The  Ummr  coal  at  Minshall  is  called  the 
Minshall  or  Lower  Minshall  coal;  and  the  two  important  block  coals  at  Brazil 
are  called  Lower  and  Upper  Block  coals.  The  coal  at  Cannelton  (II  of  the 
1699  report)  is  called  the  Cannelton  coal,  or  Shoals  coal,  or  frequency,  coal  I. 
This  scheme  is  still  in  u.se,  and  is  followed  in  the  present  revision.  Some  errors 
in  correlation,  however,  still  remain  to  be  corrected.  Where  local  names  have 
come  to  have  sufficient  standing,  they  are  indicated  on  the  chart  accompanying 
the  preeent  report,  as  alternative  designations  of  the  coals.  Thus,  Petersburg 

*A  boMitiful  colored  maii  was  prrr«n?d  for  thi*  report,  ihowiua  tb«  Mveral  divUioM 

of  the  comI  meMum  ni«pped  separately,  and  cont«ininK  *■>  bnmeiMe  Mnount  of  VMliiablc 

ubulat<Kl  daU  m  tlw  nwivln*.  Thi*  map  doca  not  appcsr  to  have  been  dMributad  with  the 
report. 
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or  Alum  Cave  coal  for  V,  Mitlersburg  coal  for  VII,  etc    The  intervening 

sandstones,  shalos  and  limestones  have  not,  with  a  few  exceptions,  been  piven 
namei)  in  Indiana.  The  exceptions  arc  the  Mansfield  .sandstone,  Merom  sand- 
stMM,  SomenrOle  limestone,  IngrleAeld  landstone  (proteUy  the  same  as  the 
Herom) ,  etc. 

In  his  report  on  coal  measures;  sandstones,  H<qpkitl8  (1896,  199)  pro- 
posed the  name  MannfMd,  from  the  town  of  Mansfield,  Parhe  County,  for  the 

rock  previously  known  a.s  Millstonf  ciit.  Conplomerato  sandstone,  etc. 

The  name  Brazil  has  long  been  applied  to  the  famous  block  coals  mined  at 
that  town.  In  the  Ditney  Folio,  however.  Falter  and  Ashley  (1902,  2)  pro- 
posed the  name  for  a  formation  extending  from  the  "top  of  the  Pott.svi]le" 
(Mansfield)  to  the  bottom  of  the  Petersburg  coal  (coal  V).  A.s  .so  used  the 
name  corresponds  to  nothing  iiigniticant  in  the  Coal  Measures  stratigraphy, 
overlapping  from  the  Pottsville  into  the  Allegheny,  and  includes  beds  unlmown 
in  the  vicinity  of  Brazil.  Either  the  name  .should  be  abandoned,  or  it  should 
be  restricted  to  limits  consonant  with  stratigraphic  requirements,  and  in 
keeping  witii  the  radcs  exhibited  at  Brazil.  The  writer  prefers  tiie  latter 
procedure,  and  ha.s  accordingly  emended  the  niimo  Brazil  to  include  only  the 
Brazil  block  coal  intervals  and  the  Minshall  coals  up  to  the  marked  discon- 
fonnity  above  coal  II.  The  Mansfield  and  the  Brazil,  as  enioided,  together 
constitute  the  Pottsville  of  Indiana. 

The  name  Petenburg  was  also  proposed  by  Fuller  (1902,  2)  for  the 
interval  from  the  bottom  of  the  Petersburg  coal  (coal  V)  to  the  bottom  of 
coal  VII,  or  the  top  of  the  limestone  immediately  beneath  it.  Here  again  the 
inter\'al  included  has  no  stratigraphic  justification.  Coal  VII  should  have 
been  included,  since  another  important  disconformity  occurs  immediately  above 
it  There  Is  no  important  break  just  below  coal  V.  The  writer,  therefore, 
emends  the  term  Petersbuvfr  to  include  the  inten'al  from  the  discmfonnity 
at  the  top  of  coal  IV'  to  the  disconformity  at  the  top  of  coal  VII. 

For  the  Interval  remaining,  after  these  emendations,  between  the  Peters- 
burg and  Brazil  formations,  the  name  Stdiititini  is  propo.'^ed.  from  the  town  of 
Staunton,  Clay  County.  This  formation,  therefore,  includes  the  interval  from 
the  disconformity  above  coal  II.  to  the  disconformity  above  coal  IV,  and  con- 
tains coals  III,  Illa  and  IV. 

Fuller's  name  Millershui  is  dropped,  since  the  Millersburg  coal  naturally 
falls  in  the  Petersburg  formation,  as  emended.  The  interval  between  the  dis- 
conformity above  coal  VII  (Millersburg  coal)  and  the  base  of  the  Merom 
.sandstone  is  here  named  the  Sln!h<n)i  formation,  from  the  town  of  Shelburn 
in  Sullivan  County.  This  compri.ses  coal  VIII.  Fuller's  Ditney  formation 
(1902,  2),  eompriring  the  beds  between  the  top  of  the  Somerville  limestone 
and  the  base  of  the  Inplefield  (Merom)  sandstone  is  included  in  the  Shelbum. 

Fuller  and  Ashley  (1902,  3)  applied  the  name  IngleAeld  sandstone  to  the 
sandstone  capping  the  Coal  Measures  of  the  Ditney  Folio,  stating  that  "recent 
field  work  ha.s  .ser\'ed  to  throw  grave  doubts  upon  the  exactness  of  the  corre- 
lation [with  the  Merom],  and  the  formation  has,  therefore,  been  given  the 
name  Ingleficld".  Our  studies,  however,  indicate  that  the  Inglefield  and 
Merom  are  probably  the  same  formation.  The  name  Infield  is,  therrfoie, 
dropped. 


Merom  was  proposed  by  CoUett  in  1871,  (1871,  199)  and  ha.s  been  used 
by  Collett  (1874,  820.  etc.;  1876,  251,  etc;  1888,  8,  48,  etc);  Blatehley  and 
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Ashley  (1898,  16,  22);  Ashley  (1899,  74.  909);  Newsom  (1903,  287);  Hopkins 
(1904,  74,  etc.) ;  Ashley  (1909)  ;  Tucker  (1911,  1.")),  etc. 

In  the  Patoka  Folio  (1904)  Fuller  and  Clapp  repeat  the  1902  .<5tatement 
in  rejfard  to  the  Infi^lefieUI  and  recopnize  what  they  rej^ard  as  a  hipher  forma- 
tion than  the  Inplefield  or  Merom,  under  the  name  WubHuU  formation.  This 
latter  formation  include.s  the  "Shales  and  ^and.stones,  with  occasional  thin 
limestone  or  coal,  lying-  above  the  top  of  the  Inpleficld  formation  within  the 
limits  of  the  Patoka  quadrangle. "   The  Parker's  coal  is  chosen  as  the  line  of 


Kiw.  ;H.    ^'r<•!•^-b«•<Mc<l  Mansrirld  Mini1«t»no.  ShonU.  Ind. 


dcmarkation  between  the  Inplefield  and  the  Waba.sh.  The  Friendville  and 
Aldrich  coals  are  placed  in  this  formution.  This  formation  is  recognized 
previsionally,  pending  the  final  determination  of  its  relations  to  the  Merom. 
On  the  praph  accompanying  the  piesent  report,  however,  the  Merom  is  placed 
as  the  terminal  member  of  the  Pcnnsylvanian  of  Indiana.  It  may  be  sur- 
pested  that  the  sandstones  at  the  "Cut-off"  of  the  Wabash  near  New  Harmony 
and  at  Skelton  clifT  near  Owensville  will  probably  be  found  to  belong  to  the 
Merom  formation. 
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The  Illinois  G«ologrical  Survey  (Lines  1912,  73-74)  uses  the  name  Carbun- 
dulr  for  the  lower  or  Alleffheny  [?]  coal  measures,  and  McLmnsiunu  (DeWolf 
laiO,  181)  for  the  remainder  of  the  Pennsylvanian.  In  Bulletin  16  of  the 
Illinois  Survey  (DeWolf  I'JIO,  180)  the  Carbondale  interval  had  been  sub- 
divided into  the  LnSulli  and  ['ttershiirf/  formation.'-.  Tlic  liifter  name  as 
used  by  the  Illinois  Survey  correponds  nearly  to  the  I'eter.sburK  of  I-"uller. 
Th«  LaSalte  formatioii  does  not  fit  the  stratiffraphie  eonditkms  of  Indiana. 
The  Illinois  Sui'\'oy  seeni.s  si-bseqiiently  to  hiivc  aliamlfimMl  hcith  of  these 
names.  As  proposed,  the  LaSalle  included  the  rocks  from  the  base  of  coal  2 
to  the  base  of  ooat  5;  and  the  strata  between  coal  S  and  the  top  of  coal  6 
constituted  the  Petcrsburjr  fo»m:iti<)n.  Coal  '1  f)f  Illinois  is  roparflefl  by  the 
Illinois  Survey  as  the  probable  equivalent  of  coal  VII  of  Indiana.  It  appears 
to  US  that  if  the  Stannton  and  Petersburg  can  be  correlated  with  the  Alle- 
gheny with  any  assurance,  the  name  Carbondale  may  well  be  dropped  and 
the  interval  be  spoken  of  merely  as  Allefcheny.  For  the  remaining  Coal 
Measures  (McLeansboro)  we  prefer  the  more  {rencral  term  Post-Allegheny. 
This  part  of  the  section  possibly  represents  the  Con«-nuiUKh  of  Pennsylvania. 
If  the  \Vaba>h  formation  b^'  recofrnized,  the  Post-AlleRheny  division  would 
consist  of  the  Shelburn,  Mcrom  and  Wabiish  formations. 

PomviLLB.  Mamtfitld. — (Millstone  iarit.  Conglomerate  sandstone,  Coal 
Measures  ConRlomerate^  Pottsville,  etc.).  .A.s  already  noted,  this  formation 
was  so  named  by  UopJdns  (18i>G,  199).  In  all  the  older  literature  it  is 
^okoi  of  as  the  Millstone  Grit,  Conf^lomerate  or  Conglonwrate  sandstone. 
It  is  unque.stionably  of  Pottsville  ape,  and  ha.s  been  correlated  hf  David  White 
(1908,  268-272;  see  also  DeWolf  1910.  179;  Ashley  imt9,  58-. SO),  and  T.  F. 
Jackson  (1915u,  395-398;  1917,  405-428)  with  the  i  ppei  part  of  the  middle 
Pottsville  (Sharon).  White  regards  the  higher  Pottsville  of  Illinois  as  perhaps 
as  hiph  a.s  the  Conoriuenc.>-<inir,  and  the  lowest  Pottsville  of  Southern  Illinois  as 
perhaps  as  low  as  the  upper  part  of  the  lower  Pottsville.  This  higher  Potts- 
▼ille  of  White  would  fall  in  the  Brasil  formation.  White  places  the  boundary 
between  the  Pottsville  and  the  Allegheny  between  the  two  Minshall  coals,  and 
the  top  of  the  Allegheny  just  above  coal  VII  (Illinois  coal  6).  On  the  basis 
of  the  latest  available  evidence,  the  writer  would  place  both  Minshall  coals 
in  the  Pottsville.  An  imj)f)itant  disconformity  occurs  alxive  coal  11  (Upper 
Minshall),  sometimes  cutting  the  coal  out  entirely.  This  horizon  is  taken 
as  the  base  of  the  Allegheny.  The  interval  between  the  oonfl^amerBte  sand- 
stone and  the  base  of  the  Allegheny  as  thus  defined*  is  here  called  the  Brasil 
formation  (emend). 

White  is  also  of  the  opinion,  aecordinp  to  A.shley,  that  the  Mansfield  of 
Fountain  County  is  much  younger  than  the  Manhfield  of  Martin  and  Grange 
counties.  Thi.';  would  be  in  line  with  his  determinations  in  Illinois  as  indi- 
cated above.  Evidently  the  Pottsville  .sea  inva»le<i  from  the  south,  as  White 
intimates. 

Description. — The  Mansfield  is  a  browni.sh  to  yellowish,  whitish,  or  gray, 
often  pebbly,  rather  coarse-grained  sandstone,  where  typically  developed. 
Sometimes  it  is  a  tjrpieal  conglomerate.  It  is  often  ewispieuously  cross- 
bedded  and  ripple-marked.  Where  of  considerable  thickness,  as  at  "Turkey 
Run"  and  the  "Shades"  in  Parke  and  Montgomery  counties,  or  at  Shoals  in 
Martin  County,  it  forms  conspicuous  clitfs,  rock-houses,  "Devil's  Lanes"  and 
oHier  pietureaque  features.  It  weathers  with  pitted  or  honey-combed  surfaces. 
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In  many  places,  however,  its  fhicknen  ii  greatly  reduced,  or  it  may  conduit 
moatly  of  fhul'^s  and  thin  flaggy  sandstones. 

T'.*i  formation  rests  with  marked  unconformity  and  overlap  on  the  sub- 
laeent  rocks,  heAng  found  in  contact  in  different  places  with  practically  every 

division  of  the  Chester  series,  and  to  the  north  overlnppiriK  across  the  St. 
Genevieve  and  St.  Louis,  and  coming  finally  to  rest  on  the  Riverside  sandstone. 
It  is  pn>l»ble  that  the  Mansfield  originally  extended  across  the  Cincinnati 
arch  into  the  Michijcan  basin.  At  many  places  in  Indiana  along  the  Mansfield- 
Mississippian  unconformity,  Kaolin  (indianaite)  is  found.  The  best  known 
deposits  are  in  Lawrence  Oranty. 

Several  minor  coal  seams  occur  in  the  Man.sficld  formation,  one  of  which, 
the  Cannclton  coal,  is  important.  The  Shoals  coal  of  Martin  County  may  be 
doubtfully  correlated  with  the  Cannelton.  It  has  a  maximum  thickness  of 
4  feet  and  was  formerly  worked  on  a  small  scale  near  Shoals.  The  coal  at 
Cannelton  on  the  Ohio  River  in  Perry  County,  is  in  places  4  feet  thick,  varying 
from  that  figure  to  nothing.  It  is  a  compact  "cannel"  coal,  breaking  with 
eonehoidal  fraetnre  and  has  been  mined  at  Canndtcm  for  nearly  a  eentvry. 

The  hase  of  the  I,o\v«^r  Block  coal  at  Brazil  is  taken  as  the  top  of  the 
Mansfield  formation.  The  Munstield  varies  from  a  few  feet  to  280  feet  in 
thickness. 

(Additional  references  on  the  Mansfield  are  as  follows:  Kindle  1896, 
329-368;  Blatchley  and  Ashley  1898,  21:  Ashley  1899,  9.')-96;  Bhitchley  1900. 
26;  Newsom  19U3,  284-285;  Ashley  19U3,  66;  Blatchley  1904,  51;  Hopkins 
1904.  07-71;  Blatehley  1907,  87-88;  Shannon  1907,  66,  etc.;  Shannon  1908, 
114-115;  Shannon  1909.  280-281;  R.  S.  Blatchley  1911,  88,  columnar  sec- 
tions; Tucker  1911, 15;  Shannon  1912, 166;  Barrett  1914,  41-59,  as  glass  sand; 
Jackson  1916,  228-229,  Description  on  Bloomington  qnadnmgle;  Barrett  1917, 
79-89,  several  beautiful  pictures  of  the  Mansfield;  Logmn  1919, 24  *t,  seg.,  many 
details.) 

Brazil. — The  Brazil  formation,  as  emended,  includes  the  Lower  and  Upper 
Block  coals  of  Brasil,  Clay  County,  Indiana,  and  the  lownr  and  upper  Minshall 
coals.  The  upper  Minshall,  or  coal  IT  is,  however,  local,  beinjr  absent  in  some 
of  the  sections,  in  such  cases  it  has  been  cut  out  along  the  unconformity 
at  the  top  of  the  Pottsville.  The  "Block"  coals  are  rather  hard,  J<rfnted,  slabl^ 
coals,  which  do  not  break  readily  across  the  laminae  and  are  won  in  slabs  or 
joint  blocks  of  large  size,  requiring  much  splitting  and  breaking  to  bring 
them  to  lumps  of  the  smaller  commercial  sizes.  Tlie  coal  is  more  expensire 
to  mine  than  most  Indiana  coals  and  brings  a  higher  price  on  the  market. 
Both  coals  often  have  sandstone  roofs.  The  upper  vein  runs  from  2  to  4  feet 
thick,  and  the  lower  up  to  5  feet,  averuj^ing  about  3  feet. 

The  lower  Minshall  coal  (Minshall  of  Ashley)  ranges  up  to  6  feet  thick, 
and  averaKt»s  about  4.  It  is  overlain  by  a  black  shale  and  a  limestone  and 
underlain  by  u  fire  clay.  The  limestone  forms  the  roof  in  some  places.  It 
is  a  firm  shiny  black  coal  of  semi-block  type. 

The  upper  Minshall  coal,  or  coal  II,  is  usually  10  to  20  feet  above  the 
Minshall.  It  is  worked  in  but  few  places,  and  is  from  2  to  three  and  one- 
half  feet  thick.  It  usually  has  partings  which  cut  it  into  benches  and  has  a 
black  shale  roof.  The  unconformity  above  sometimes  descends,  cutting  out 
the  coal  and  the  shale  beneath  it. 
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AtUBOHBNiAlt.  Staunton. — Th«  name  Staunton  is  proposed,  as  indicated 

above,  for  the  interval  between  the  disconformity  above  coal  II  and  the  dis- 
conformity  above  coal  IV.  It  includes  coal  III  and  IV,  the  latter  being  one 
of  the  most  important  Indiana  coals.  Coal  III  is  characterized  by  conspicuous 
IMirtinfTs  and  by  much  pyrite.  Typically  it  is  split  by  these  partinjfs  into 
three  beds  The  interval  between  coals  II  and  III  is  usually  about  75  or  80 
feet.  Coal  lilu,  about  20  feet  above  coal  III,  is  a  thin  coal  seldom  of  work- 
able character.  Coals  III  and  Illa  are  often  underlain  by  limestones  and 
another  limestone  occurs  above  Ilia.  The  Staunton  division  is  terminated  by 
a  sandstone,  surmounted  by  coal  IV,  or  the  Linton  coal.  This  coal  averages 
r*  feet  thick  with  a  maximum  of  7.  The  roof  is  sandstone  or  shale;  and 
often  pives  e%'idence  of  disconformity,  the  coal  beinjc  entirely  cut  out  in  places. 
It  is  a  bituminous  coal  of  excellent  quality  running  from  45%  to  ATA  fixed 
eariion,  and  S%%  to  over  8%  ash. 

Petersburg. — The  name  Petersburg  of  Fuller  and  Ashley  <1902,  2)  is  here 
emended  to  include  the  interval  from  the  disconformity  over  coal  IV  to  the 
disconformity  over  coal  VII.  It  thus  includes  coals  IVa,  V,  VI  and  VII,  and 
several  shale,  sandstone  and  limestone  formations.  Coal  IVa  is  usually  about 
2"  foot  above  coal  TV,  but  does  not  occur  in  every  place  where  coal  IV  is 
present.  Coal  V,  about  120  feet  above  coal  IV,  is  the  most  important  and 
persistent  coal  bed  of  Indiana,  and  is  correlated  with  coal  5  of  Illinois  and 
coal  !•  of  Kentucky.  It  is  usually  a  solid  bed  overlain  by  a  black  shale  con- 
taining marine  fossils,  and  many  pyrite  concretions.  Occasionally  the  coal 
is  overlain  by  sandstone.  The  black  roof-shale  is  nearly  always  overlain  by 
a  limestone  from  -i  to  0  fsst  thick.  The  rider  of  coal  V  occurs  above  this 
limestone.  Coal  V  will  averaf^e  6  feet  thick  in  Sullivan  County,  and  is  as 
much  as  11  feet  thick  in  some  places.  It  is  8  feet  thick  at  Alum  Cave,  which 
may  be  regarded  aa  the  type  kwality  of  the  ooaL  It  is  also  known  aa  the 
Petersburg  coal. 

Coal  VI  is  uniformly  from  6  to  8  feet  thick  and  has  very  persistent  thin 
partings  near  the  center  of  the  vein.  It  is  normally  about  76  feet  above  coal 

V.  The  roof  is  usually  a  crumbling  shale,  with  ovrrlyinir  sandstone.  The 
coal  seems  to  be  generally  absent  north  of  Sullivan  County.  It  may  probably 
bi>  correlated  with  coal  11  of  Kentucky. 

Coal  VII,  foi-minif  the  top  of  the  Petersburg  formation,  is  from  2  to  C 
feet  thick,  and  is  overlain  disconformably  by  a  sandstone  or  "roUy  roof",  and 
underlain  by  fire  clay,  and  a  UmestOM  from  2  to  10  feet  thick.  The  lattar 
sometimes  comes  within  a  few  feet  of  the  coal.  Coal  VII  is  known  also  as 
the  Millersburg  coal.  The  Illinois  geologists  regard  Indiana  VII  as  the  equiva- 
lent of  Illinois  6,  and  place  the  top  of  the  Allegheny  series  at  this  level. 

POB^ALLEOneNlAN.  5Aef6um.  — The  name  Shelbum  is  proposed  for 
the  interval  from  the  top  of  coal  VII  to  the  base  of  the  Merom  sandstone;  and 
includes  coals  \  .ind  IX  and  the  Somerville  limestone,  with  subordinate  coal 
Mams,  shales  and  .'sandstones.  The  lower  member  is  the  Busseron  sandtone,  a 
possible  equivalent  of  the  "Anvil  Rock"  of  Kentucky.  This  sandstone  and 
sandy  shale  rests  with  marked  disconformity  on  coal  VII,  which  is  sometimes 
cut  out  completely.  Coal  VIII  comes  about  70  feet  above  coal  VII  in  Sullivan 
County,  and  Coal  IX  about  50  feet  above  coal  VIIL 

The  SonurvUlt  limestone,  probably  the  moat  important  limeatone  foimar 
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tim  in  the  Indiaiut  eoti  measures,  is  a  douUe  bed  of  hard,  gray  limestone, 
with  shale  parting,  15  to  20  fret  thick.   It  i>;  usually  quite  fossiliferous. 

Aferom.— Collett  used  the  name  "Merom  sandstone"  in  1871  (1871,  199) 
for  the  sandstone  capping  the  hills  at  Merom,  Snllivan  County,  Indiana.  His 
stutement  "The  stone  work  of  the  college  edifice  was  quarried  from  massive 
ledges  of  the  'Merom  sandstone',  north  of  town",  would  not  indicate  that  he 
intended  to  propose  the  name  in  a  technical  sense.  Further  on  he  speaks  of 
the  "npper  member  of  the  'Merom  sandBtonc*,"  and  describes  the  Merom  fonnap 
tion  as  follows:  "This  massive  sandstone  is  here,  at  its  noithem  terminus 
[at  GraysvilleJ  well  developed.  .  .  .  Deep,  narrow  gorges,  wltll  precipitous 
or  ov«riianging  sides,  give  a  romantie  boldness  to  the  seenery,  and  afford  good 
exposures  for  obser\-ation.  It  may  bo  characterized  as  a  very  coarse  grained 
sandstone,  varying  in  color  from  brown  to  yellowish  red,  with  occasional 
strata  of  snowy  whiteness  irregularly  laminated.  False  and  diagonal  bedding 
and  coarseness  of  materials  show  that  it  was  deposited  by  strong  currents  of 
water  subject  to  frequent  change  of  direction  and  cross-eurrents.  Portions  are 
compact  quarry  rock,  which,  however,  generally  tends  to  disintegrate.  The 
coloring  matter  is  derived  from  small  partings  and  veins  of  iron  which,  being 
harder  than  their  sandy  matrix,  fret  the  sides  and  overhanging  arches  of  the 
gorges  with  irregular  traceiy  of  network  in  relief." 

In  the  Fifth  Report  Collett  (1874,  320-326)  again  describes  the  "  'Merom' 
—  Fort  Knox  Sandstone",  in  Knox  County.  This  i.s  an  excellent  detaiU'd  de- 
scription, and  calls  especial  attention  to  the  loosely  aggregated  character  of 
the  sandstone,  which  causes  it  to  weather  readily  to  coarse  sand. 

In  the  Seventh  Report  (1876,  2r>l-2ri  t)  he  definitely  speaks  of  it  as  the 
Merom  sandstone,  saying  that  he  had  given  it  this  name  in  1870.  He  sug- 
gests that  it  may  be  of  Triassic  age.  This  .suggestion  is  repeated  in  the 
Thirteenth  .\nnual  Report  (1884  ,  48-49);  and  revived  by  Hopkins  in  the 
28th.  Report  (1904,  75),  though  on  page  17  of  the  same  report  he  correlates 
it  with  the  Dunkard  (Permian)  of  Pennsylvania.  Hopkins  (1904,  74)  calls 
attention  to  the  basal  conglomerate  at  the  bottom  of  the  Merom  and  to  the 
disconformable  relations  of  the  formation  with  the  underlying  rocks.  The 
Merom  is  40  to  60  feet  thick  and  generally  unfossiliferous.  Its  relations  with 
Uie  so-called  Inglefield  have  already  been  discussed. 

(Additional  references  on  the  Merom  are  as  follows:— Blatchley  and 
Ashley  1898,  16,  22;  Ashley  1899,  74,  906,  909,  913;  Newsom  1903,  287; 
Ashley  1909;  Case  1918,  508,  504.) 
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APPENDIX  A. 
Somt  0f  tk9  Frobkma  Requiriitg  Pwfihw  Studif, 

1.  The  fauna  of  the  Cynthiana  of  Indiana  is  rnmparativcly  unknown. 

2.  The  subdivisions  of  the  Eden  in  Indiana  remain  to  be  carefully  delimited 

and  mapped. 

8.  The  relation  of  the  Maysvillc  fomUltloilB  «f  Indiana  to  those  of  Cincinnati, 

and  the  type  section,  requires  much  further  study.  This  applies 
especially  to  the  ConTville  and  Mt.  Aubarn. 

4.  The  .stratifcraphy  and  paleontology  of  the  Amh«tm  and  the  pnqier  poal- 

tion  of  the  Maysville-Richmond  boundary. 

5.  The  lower  boundary  of  the  Waynesville  is  not  yet  definitdy  fixed. 

C  The  Whitewater  fauna  of  the  area  between  Batesville  and  Madiaim  should 

be  carefully  studie<l. 
7.  Fauna  of  the  Elkhorn  comparatively  unknown. 
8w  Detailed  mapping  of  all  the  Ciacinnatian  formations. 

9.  Careful  collecting  and  study  of  the  Brassfield  fauna. 

10.  Detailed  8trati|;raphic  and  paleontologic  study  of  the  Osgood  and  Laurel. 

11.  Careful  determination  of  the  boundary  between  the  Louisville  and  De- 

vonian in  part  of  the  southern  Indiana  area. 

12.  Detailed  stratigraphy  of  the  Devonian  limestones  of  southern  Indiana, 

with  special  referenoe  to  the  Geneva  limestone  problem. 
18.  Detailed  study  of  the  Silurian  and  Devonian  of  northern  Indiana  witii 

dose  attention  to  structural  relations  (Niagara  donles). 
14.  Gonsiatent  attempt  to  determine  the  age  of  the  New  Albany  shale. 
16.  Detailed  stratigraphy  and  paleontology  of  the  Knobstone.   This  ^^iks 

requires  a  vast  amount  of  detailed  work. 

16.  Fauna  and  stratigraphy  of  the  Harrodsburg  (Warsaw).    Fauna  com- 

paratively unknown. 

17.  Detailed  stratifrraphy  of  the  Salem. 

18.  Much  detailed  work  iihould^  be  done  on  the  stratigraphy  and  paleontology 

of  the  Mitdiell  (St.  Louis  and  St.  Genevieve),  with  subdivision  into 

formations.    The  faunas  are  little  known. 

19.  Further  detailed  work  on  the  Chester,  and  especially  on  the  faunas  of 

its  subdivisions. 

20.  Further  study  of  the  Pottsville  and  coal  floras. 

21.  Much  detailed  stratigraphic  and  faunistic  study  of  the  coal  measures. 

APPENDIX  B 
Afioliflwiiif  Index  to  indiam  Oeologkid  Surven  Reports. 
David  Dale  Owen. . . .  1837  (189B)  Geological  Reeonnaiasanee. 


Richard  Owen  1862  Ccologieal  ReconnaisMnce. 

K.  T.  C"ox                    IHfW  Int  l{e\tort  Cleoiogieftl  Survey  of  Indiana. 

E.  T.  Cox                   1S71  2d   Report  CeoloKical  Survey  of  Indiana. 

K.  T.  Cox  1872  3d  and  4th  Hc|K>rt  Cieological  iJurvey  of  Indiana. 

E.  T.  Cox  1874  5th  Rqwrt  Geologica]  Survey  of  Indiana. 

E.  T.  Cox  1875  6th  Report  Geological  Survey  of  Indiana. 

E.  T.  Cox               1876  7th  Report  Geological  Survey  of  Indiana, 
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B.  T.  Cax  1879    8(h,  Uth,  10th  Report  Gculogical  Hurvey  of  Indiana. 

John  Colletl  1879    lat  Report  Indiana  Departnient  of  Statistics  and  Oeot- 

John  CoUett  1880    2<1  Itt^purl  Indiana  Department  of  Statistics  and  Geol- 
ogy. 

John  CoUett  1883  lith  Report  Indiana DepftrtmentofGeotofor  and  Natuml 

History. 

John  CoUett  1883   13th  Rqwrt  Indiana  Department  ol  Geotogjr  and  Natural 

History 

John  Collett  1884   13th  Report  ludiiuta  l>epiartinent  of  Geology  and  Natural 

History. 

JohnCollett  1884  I4th  Hi'[>nrt  I  mtinna  Department  of  Geotogy  and  Natural 

History. 

Mauriee  Thompson . . .  1886  15th  Report  Indiana  Department  of  Geology  and  Natural 

History. 

Maurice  Thompson. . .  1889   16th  Rejiort  Indiana  Department  of  Geology  and  Natural 

History. 

8.  8.  Gorby  1802  17th  Rc|)ort  Indiana  Department  of  Geology  and  Natural 

Resources. 

8.  S.  Gorby   1804  18th  Report  Indiana  Department  of  Geolofcy  and  Natural 

Rosourcos. 

8.  8.  Gorby  1894   19th  Report  Indiana  Dqiartment  of  Geology  and  Natural 

Resources. 

W.  S.  Blatehley  1896  20th  Report  Indiana  Department  of  Gedogy  and  Natural 

Resources. 

W.  S.  Blatehley      .  1897  2lHt  RejMirt  Indiana  Department  of  CIcoIokv  and  Natural 

Rcflourcps. 

W .  8.  Blatehley         1898  22d  Report  Indiana  Department  of  Geology  and  Natural 

Resources. 

W«  8.  Blatehley  1890  23d  Report  Indiana-Departmeatof  Geology  and  Natural 

RcHonrroH. 

W.  S.  Hlati  hlt-y  VM)    2ttli  Rt-|)(trt  Iiitliaiia  Department  of  Oology  and  Natural 

Re.«ourcefl. 

W.  8.  Blatehley  1901   25th  n<  port  Indiana  Department  of  Geolog>-  and  Natural 

Kesouroes. 

W.  8.  Blatehley  1909  2Sth  and  27th  Reports  Indiana  Department  of  Geology 

and  Natural  Resourees. 

\V.  8.  Blatehley  1004  28tli  Ke|tort  Indiana  Department  of  Cieology  and  .\atural 

Resourees. 

W.  8.  Blatehley  1006  20th  Report  Indiana  Department  of  Geolc^and  Natural 

Resources. 

W .  8.  Blatehley  1904  90th  Report  Indiana  Department  of  Geology  and  Natural 

Resources. 

\V.  ^4.  Blatehley  1907   3l8t  Report  Indiana  Department  of  Geology  and  Natural 

Resources. 

W.  8.  Blatehley  1006  32d  Report  Ind  iana  Department  of  Geology  and  Natural 

Resources. 

W.  8.  Blatehley  1000  33d  Report  Indiana  Department  of  Geology  and  Natural 

Hcsourci'i*. 

\\ .  f>.  Blatehley  1910  34tli  Report  Indiana  Department  of  Geology  and  Natural 

Resourees. 
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W.  S.  Ulutchlcy  1911   3oth  llcport  ludiaaa  Department  of  CcoIukv  .inii  Natural 

Reaouroea. 

Edward  Barrett  1912  96th  Report  Indiana  Department  of  Geology  aod  Natural 

Resources. 

Edward  Barrett  1913  87th  Report  Indiana  Department  of  Geology  and  Natural 

Resources. 

ESdward  Uurrctt  lUU   38th  Koi>ort  Indiana  I>e|>urtiiieiit  uf  (.ieolug^-  and  Natural 

Remurces. 

Edward  Barrett  1915  39th  Report  Indiana  Department  of  Geology  and  Natural 

Resources. 

Edward  Barrett  1916  40th  Report  Indiana  Department  of  Geology  and  Natural 

!N's<itirrPs 

Edward  Barrett  1917  4l8t  Heport  Indiana  lJe|iurtmcnt  of  Geology  and  Natural 

Reaouioea. 

Edward  Barrett  1918  Administrative  Report,  Indiana  Year  Book. 

W.  N.  Logan  1919  Kaolin  I)<  |)osif.s.  Department  of  Coneervation,  Divirion 

uf  Geology. 

W.  N.  Logan  1920  Petroleum  and  Natuml  Gas,  Detwrtment  of  Coniervap 

•  ion,  nivlHion  oi  {IfoloRv. 
W.  N.  I^)>t:in  1920    A(iriiiiiistr;ilivc  Report,  Indiana  \  ear  Hook. 

\\  .  N.  I.onan  1921    Administrative  Report,  Indiana  Year  Book 

W.N.Logan  1922   Handbook  of  Indiana  (ieulog>-  [thin  vuluuie],  Deimrt- 

ment  of  Coneervation,  Divierfm  of  Geology. 
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Including  Papers  Bearing  on  Certain  General 
Problems  of  Correlation 

Bv 

E.  R.  CUMINCS. 


Andrews,  r:.  U.,  1871.    [Report  of  labors  in  the  second  district].   Ged.  Surv. 

Ohio,  Kept,  of  Progress  in  1870,  pp.  55-251. 
Ashbumer,  C.  A.,  1877.  Section  of  the  Paleozoic  rocks  of  central  Pennsylvania. 

Proc  Am.  Phil.  See.,  vol.  16,  pp.  519-560. 

1887.  Natural  gas  in  the  United  States.  Am.  Inst.  Min.  Elng.,  vol. 
16,  pp.  505-542. 

1888.  CoaL  U.  S.  Geol.  Surv.,  Min.  Res.  for  1887,  pp.  168-882. 

Ashley,  G.  H.,  1898.  Note  on  an  area  of  compressed  structure  in  western 
Indiana.  Geol.  Soc.  Amer.,  Bull.,  vol.  9,  pp.  429-430. 

1896a.  Note  on  fault  atrueture  in  Indiana.  Ind.  Acad.  Sei.,  Proc. 
for  18'>7.  pp.  244-250. 

1898b.  [And  Blatchley,  W.  S.J  Geological  scale  of  Indiana.  22d 
Indiana  Kept.,  pp.  17-23.*' 

18<J1).    Coal  deposits  of  Indiana.    23d.  Indiana  report,  pp.  1-1741. 

1900.  Geological  results  of  the  Indiana  coal  survey.  Geol.  Soc.  Amer., 
Bull.,  vol.  11,  pp.  8-10. 

1902.  Eastern  Interior  coal  field.  U.  8.  GcoL  Surv.,  22d.  Ann.  Kept., 
pt  3,  pp.  265-.30r). 

1908.  The  geolog>-  of  the  Lower  Carboniferous  area  of  southern 
Indiana.  27fh.  Indiana  Report,  pp.  49422. 

lf)OHa.  [And  Fuller,  M.  L.]  Recent  work  in  the  coal  Add  of  Indiana 
and  Illinois.   U.  S.  Geol.  Surv.,  Bull.  No.  213.  pp.  284-293. 

1909.  Supplementary  report  on  the  coal  depoeits  of  Indiana  and 
Illinois.    33d.  Indiana  Report,  pp.  l.''.-l.'"iO. 

1909a.   Stratigraphy  and  coal  beds  of  the  Indiana  coal  iield.    U.  S. 

GeoL  Surv.,  Bull.  No.  381-A,  pp.  5-14. 
A.shlcy.  G,  H.,  and  Siebenthal,  C.  E.,  1899.    [See  Ashley,  1899]. 
Barrett,  Edward,  1914.   Glass  sands  of  Indiana.   38th.  Indiana  Report,  pp. 

41-59. 

1917.    The  Beautiful  Shades.    41st.  Indiana  Report,  pp.  79-89.' 
1012-1 917.    [The  36th.  to  4l8t  Indiana  Reports  are  by  Edward 

Barrett]. 

Barton,  D.  C,  1918.  Notes  on  the  Mississippian  chert  of  the  St.  Louis  area. 

Jour.  Geol..  vol.  2fi,  pp.  r?fil-.'?74. 
Bassler,  li.  S.,  1903.    The  structural  features  of  the  Bryozoan  genus  Homo- 
trypa.  U.  S.  Nat.  Mus.,  Proc.,  toL  26,  pp.  565-591. 

•  For  the  sake  of  k.mi.  tuy  i>f  >iiiir'-  tho  IndinnB  Kcjioits  arc  referrwl  to  uniformly  bjf  Wm- 

hor,  u  above.   The  full  Uttea  will  be  found  in  tht  Index  to  Indiana  Reporta.  pp.  BSLMS. 
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1906.  A  study  of  the  James  types  of  Ordovician  and  Silurian  Bryozoa. 
U.  S.  Nat.  Mus.  Proc,  vtA.  80,  pp.  1-66. 

1906a.  The  Br>'ozoan  fauna  of  the  Bochester  shale.  U.  S.  Geol. 
Sarv.,  Bull.  No.  292,  136  pp.,  31  pis. 

1909.  The  NetUerofh  eoneetion  of  iiiTertebrate  fossils.  Smithsonian 
Misc.  Coll.,  vol   r,2,  pp.  121-152,  H  pl.s. 

1911.  The  early  Paleozoic  Bryozoa  of  the  Baltic  province.  U.  S. 
Nat.  Mns.,  Bull.  No.  77,  882  pp.,  18pls. 

1911a.  Cor>-notrypa,  u  new  genus  of  tubulipOTOid  Bryoaoa.  17.  S. 
Nat.  Mus.,  Proc.,  vol.  39,  pp.  497-527,  27  figs. 

1916.  Bfbliofrraphic  Index  ti  North  American  Ordovidan  and 
Silurian  fossils.  U.  S.  Nut.  Mus.,  Bull.  92,  two  vols.  [S«e  correlation 
table  at  the  end  of  volume  II]. 

1919.  Maryland  Gcologncal  Sui-vey:  Cambrian  and  Ordovician.  424 
pp.,  58  pis. 

Beachlcr,  C.  S.,  1887.   Crinoid  beds  at  CrawfordsviUe,  Indiana.  Amer.  Nat, 
Dec.  1887,  pp.  1106-1109. 

1888.  Keokak  gnmp  at  Grawfordsville,  Indiana.  Am.  Geol.,  vol.  2, 
pp.  407-412. 

1889.  Corrected  list  of  fossils  found  at  Crawfordsville.  16th.  Indiana 
Report,  pp.  66-76. 

1889a.  Notice  of  somc  new  and  remarkable  forms  of  Crinoidca  from 
tiie  Niagara  limestone  at  St.  Paul,  Decatur  Co.,  Indiana.  Am.  Geol.,  vol 
4,  pp.  102-108. 

1891.  The  rocks  at  St  Paul,  Indiana,  and  vicinity.  Am.  Geol.,  voL 

7,  pp.  178-179. 

1892.  Keokuk  srroup  of  the  Mis.sissippi  valley.  Am.  Geol.,  vol.  10, 
pp.  88-96. 

Beede,  J.  W.,  1906.  ruminjrj',  B«^ede,  i-t.  al.] 

1907.  [And  Shannon,  C.  W.]  Iron  ores  of  Martin  County,  Indiana. 
81st  Indiana  Seport,  pp.  883-424. 

1911.  The  cycle  of  ^subterranean  rlraina^  on  the  BloMUington  quad- 
rangle.  Ind.  Acad.  Sci.,  Proc.  for  1910,  pp.  81-103. 

1916.   Geology  of  the  Bloomingtori  quadrangle.-  89th.  Indiana  Re- 
port, pp.  190-.312.    [With  G.  C.  Mance,  T.  F.  Jackson,  etc.] 
Bennett,  L.  F.,  1898.  Four  comparative  cross  sections  of  the  Knobstone  group 
of  Indiana.  Ind.  Acad.  SH.,  Proc.  for  1897,  pp.  258-262. 

1899.  Notes  on  the  eu.'^tcrn  escarpment  of  the  Knobstone  fonnation 
of  Indiana.    Ind.  Acad.  Sci.,  Proc.  for  1898,  pp.  28;{-287. 

1900.  Headwaters  of  Salt  creek  in  Porter  county.  Ind.  Acad.  Sd., 
Proc  for  1899,  pp.  164-166. 

Bigney,  A.  J.,  1892.    Preliminary''  note  on  the  geology  of  Dearborn  OOUnty. 

Ind.  Acad.  Sci.,  Proc.  for  1891,  pp.  66-67. 
•  1911.  A  new  bed  of  trilobitcs.  Ind.  Acad.  Sci.,  Proc.  for  1910,  p.  180. 
1915.  Geology  of  Dearborn  county.   40th.  Indiana  Report,  pp.  211-222. 
Biatdiley,  R.  S.,  1908.   The  Indiana  oolitic  limestone  industry  in  1907.  32d. 

Indiana  Report  PP>  299-459. 
Blatchley,  R.  F.,  1!>11.   The  Oakland  City,  Indiana,  oil  Add  in  1910.  86th. 

Indiana  Report,  pp.  81-143. 
Blatchhy,  W.  S.,  1896.  A  pxdiminary  report  on  the  days  and  day  industries 

of  iha  eoal-fceaiiag  eountisB  of  Indiana.  20fh.  Indimia  Baport,  pp.  28-186. 
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1898.    Geology  of  Lake  and  Porter  counties;  the  clays  and  clay  in- 
•dnstries  of  northwestern  Indiana.  22(1.  Indiana  Report,  pp.  2ri-104,  105-153.  » 

1898a.  [And  Ai^hley,  1898b.J  Geolosical  scale  of  Indiana.  22d.  Indi- 
ana Report,  pp.  17-23. 

1900.  Natural  resourees  of  the  State  of  Indiana.  24th.  Indiana  Re- 
port, pp.  n-io. 

1901.  Oolite  and  oolitic  stone  for  portland  cement  manufacture. 
26th.  Indiana  Report,  pp.  822«8d0. 

!!>04.  The  Indiana  of  Nature:  its  Evolution.  Ind.  Aead.  Sdn  Proc. 
for  1903,  pp.  33-59. 

1904a.  The  lime  faiduatry  in  Indiana.  28th.  Indiana  Report,  pp. 
211-257. 

1905.  The  days  and  day  industries  of  Indiana.  29th.  Indiana  Re- 
port, pp.  18-667. 

1906.  The  geolo^c  distribution  of  road  materials  of  Indiana.  SOth. 
Indiana  Report,  pp.  120-160. 

1907.  The  natural  reiiourcej^  of  Indiana.  31st.  Indiana  Report,  pp. 
1».72. 

1908.  .'^2d.  Indiana  Roiiort.  p.  307,  footnote. 

1917.  A  century  of  geology  in  Indiana.  Ind.  Acad.  Sci.,  Proc.  for 
1916,  lip.  89-177. 

1896-1911.   The  annual  reports  of  tho  Indiana  Gpolofficai  Survoy  from 
189<-1911,  vols.  20-35,  were  published  by  W.  S.  Blatchley. 
Blatehley,  W.  8.,  and  Ashley,  G.  H.,  1898.   [See  Blatehl^,  1896a). 
Borden,  W.  W.,  1H74     Report  of  a  jfeolopical  survey  of  Clark  and  Floyd 
counties.  5th.  Indiana  Report,  pp.  134-189. 

1876.  Scott  and  Jefferson  counties.  6th.  Indiana  Report,  pp.  112-186. 
1876.  JenninjTs  and  Ripley  counties.  7th.  Indiana  Report,  pp.  146-202. 
Branner,  J.  C,  1888-1891.  Arlcansas  Geological  Survey,  vols.  I- IV,  Report  for 

1888,  etc.   [Refereneea  to  Branner  1888  are  to  this  report]. 
Bradley,  F.  H.,  1869.  Geology  of  Vermilion  county,  lat  Indiana  Report,  pp. 
188-174. 

1876.   Geological  chart  of  the  United  States  east  of  the  Rocky  Moun- 
tains and  of  Canada.  Am.  Jour.  Sd.,  3d  aer.,  voL  12,  pp.  286-j^l. 
Briggs,  Caleb,  1838.    Report  on  work  between  Scioto  and  Hockhocking.  Geol. 

Surv.  Ohio,  Ist  Annual  Report  by  W.  W.  Mather,  pp.  71-98. 
Brown,  R.  T.,  1864.   Geological  Survey  of  the  State  of  Indiana.  Indiana 
Board  of  Agiiculture,  Hd.  Report,  for  18.5."?,  pp.  299-3,12. 

1882.  Geology  of  Fountain  X^ounty.  11th.  Indiana  Report,  pp.  89-125. 

1888.  Report  of  a  geological  and  topographic  survey  of  Marion 
county.    12th.  Indiana  Report,"  pp.  79-99. 

1884.   Geology  of  Morgan  county.   13th.  Indiana  Report,  pp.  71-86. 

1884a.  Geological  and  topographical  survey  of  Hamilton  and  Madison 
counties.    14th.  Indiana  Report,  pp.  20-40. 

1886.    Hancock  county.    15th.  Indiana  Repoi-t,  pp.  187-197. 
Butts,  Charles,  1915.    Geolog>'  of  Jefferson  county  [Kentucky].  Kentucky 
Geol.  Surv.,  Ser.  4.  vol.  .3,  pt.  2,  pp.  i-xiv  and  1-270. 

1918.  [11)171.  Mi-sis-^ippian  formation.^  of  Western  Kentucky.  (With 
a  section  on  stratigraphy  by  £.  O.  Ulrich;  see  Ulrich,  1918].  Kentucky 
GeoL  Surv.,  1918  [1917  on  titto  pi«*],  pp.  1-119. 


Digitized  by  Google 


Hand  Book  op  Indiana  Gbology 


587 


Byrem,  Lawrence,  1843.  A  concise  description  of  the  geological  formations 
and  mineral  localities  of  the  western  states,  designed  as  a  key  to  the 

geological  map  of  the  snme,  pp.  1-48. 
Catnpl>ell,  M.  R.,  ISas.    Kjchmond  folio,  Kentucky.    U.  S.  Geol.  Surv.,  Geol. 
Atbw,  foUo  N«».  46. 

Case,  E.  C.  1918.  Permo-Carboniferous  conditions  versus  Penno>Carboniferoiis 

time.   Jour.  Geol.,  vol.  26,  pp.  500-506. 
Casseday,  Samuel  A.,  1864.   Translation  of  a  deoeription  of  a  q^es  of 

BatocriniLs  from  Spor^en  Hill.  Abdmcii  a.  d.  Zeitsdirift  der  Deutch.  Geol. 

Gesellachaft,  Jahrt;.  1854,  p.  237. 
Casseday  and  Lyon,  1859.   [See  Lyon  and  Casseday]. 
Chadwick,  G.  H.,  1908.    Revision  of  the  New  York  Series.   Science,  N.  S., 

vol.  28,  pp.  .346-348. 

1918.   Cayugan  waterlimes  of  western  New  York.   [Abstract].  Geol. 

Soc.  Amer.,  Bull.,  voL  28,  pp.  173-174. 

1918a.    Stratigraphy  of  the  New  York  Clinton.   Geol.  Soc  Amme^ 

Bull.,  vol.  29,  pp.  327-808. 
Chambetlain,  T.  C.,  liWl.    Geologte  terminokigy.    Jour.  Geol.,  vol.  9,  pp. 

267-270. 

Chamberlain,  T.  C,  and  Salisbury,  R.  S.,  1906.  Text  book  of  Geology,  vol.  2, 
xxvi  and  692  pp. 

Chapman,  E.  J..  1864.  A  popular  expo.sition  of  the  minerals  and  p:eolotr\-  of 
Canada.    Originally  pub.  in  Can.  Jour.,  N.  S.,  vols.  6  to  8.  1861-1863. 

Christy,  David,  1848.  Letters  on  geology,  being  a  series  of  eonununieations 
originally  addressed  to  Dr.  John  Locke  of  Cincinnati,  etc.   68  pp. 

1851.  On  the  Goniatitc  limestone  of  Rockford,  Jackson  county,  Indi- 
ana.   Amer.  Assoc.  Adv.  Sci.,  Proc,  vol.  5,  pp.  76-80. 

Clapp,  A.,  1848.  The  geological  equivalents  of  the  vicinity  of  New  Albany, 
Indiana,  as  compared  with  those  described  in  the  Silurian  system  of 
Murehiaon.   Phila.  Acad.  Sci.,  Proc.,  vol.  1,  pp.  18-19,  177-178. 

Clarice,  'John  H.,  1897.  Cephalopoda  of  Minnesota.  Minn.  Geol.  and  Nat. 
Hist.  Surv.,  Paleontolo.'V,  vol.  3,  pt.  2,  pp.  694-7r.n 

1897a.  The  Lower  Silurian  Trilobitea  of  Minne^iota.  Minn.  Geol. 
Nat.  Hist.  Surv.,  Paleontology,  vol.  8,  pt.  2,  pp.  695-769,  82  flgura. 

Clarke,  John  M.,  and  Ruedomann.  II..  1903.  Guelph  fauna  in  tite  State  of 
New  York.   N.  Y.  State  Mus.,  Mem.  6,  196  pp.,  21  pis. 

1908a.  Catalog  of  type  .specimens  of  Paleoaoie  fossils  in  New  York 
Museum.    N.  Y.  State  Mm.,  Bull.  No.  65,  847  pp. 

1912.  The  Eurypterida  of  New  York.  N.  Y.  State  Mus.,  Mem.  14, 
vol.  1,  Text,  439  pp.;  vol.  2.  plates,  pp.  441-628,  88  pis. 

darke,  John  M.,  and  Schucliert,  Charles,  1899.  The  nomenclature  of  the 
New  York  series  of  geological  formations.  Sdenoe,  N.  S.  VoL  10,  pp. 
874-878. 

Glaypole,  E.  W.,  1880.   Paleontologieal  notes  from  Indianaptrtis.   Am.  Geol., 

voL  6,  pp.  2r..-v2fin. 

1894.  A  new  species  of  Carcinosoma.  Am.  Geol.,  vol.  13,  pp.  77-79. 
GoUett,  John,  1871.  G^riogy  of  Sullivan  county,  Indiana.  2d.  Indiana  Re- 
port, pp.  191-240. 

1872.  Geology  of  Dubois,  Pike,  Jasper,  White,  Carroll,  Cass,  Miami, 
Wabash  and  Howard  ooantica.  8d.  and  411i.  Indiana  Reports,  pp.  198-287 
and  291-S87. 
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1874.  Warren,  Knox,  Lawrence  and  Gibson  counties.  5th.  Indiana 
Beport,  pp.  lUl-.'n2,  .315-424,  426-428. 

1875.  Geoloio'  of  Rrown  county.    r>th  Iiuliana  Report,  pp.  77-110. 

1876.  Geological  reconnuishaiice  of  the  coal  measures  of  Putnam 
eounty.   Tth.  Indiana  Report,  pp.  4<t8-468. 

1876a.  Vanderburj?,  Owen  and  Montgomery  rountir.s.  7th.  Indiana 
Report,  pp.  240-462.    [List  of  fossils  from  Crawfordsiville]. 

1879.  Harrison  and  Crawford  connties.  8th.,  9th.,  lOfh.  Indiana  Ra- 
ports,  pp.  291-522. 

1879a.  1st.  Report  of  the  Department  of  Statistics  and  Geology  of 
Indiana,  514  pp. 

1880.  2d.  Report  of  the  Department  of  Statistics  and  Geology  of 

Indiana,  544  pp.,  11  pis. 

1882.  Geology  of  Indiana.  Mines  and  Quarries.  11th.  Indiana  Re- 
port,  pp.  16-88;  Shdby  countir,  pp.  66-88. 

1883.  Economic  peolofo';  outline  of  jreolofO'  of  Indiana;  peolopry  of 
Newton  and  Jasper  counties.    12th.  Indiana  Report,  pp.  17-25,  44-78. 

1884.  Outline  of  the  geology  of  Indiana;  eeononic  geology;  itone 
coals;  genlo^o  of  Posey  county.  ISth.  Indiana  Report,  pp.  2-70.  [Ccdored 
geological  map  of  Indiana]. 

1884a.  Indiana  Geological  Survey.   14th.  Indiana  Report.  [Geology 
ical  map  of  Indiana].   63  pp. 
Conrad,  Timothy  A.,  1837.    First  annual  report  on  the  geological  survey  of 
the  third  di.strict  of  New  York.    N.  Y.  Geol.  Surv.,  Ist  Ann.  Rept, 
pp.  155-186. 

1841.  Fifth  report  on  the  paleontology  of  the  State  of  New  York. 
N.  Y.  Geol.  Surv.,  5th.  Ann.  Rcpt.,  pp.  25-27. 

1842.  Ohservations  on  the  Siltnian  and  Davoaiaa  qratems  of  the 
United  State."!,  with  descriptions  of  New  Organic  remains.  Phila.  Acad. 
Sci.,  Jour.,  vol.  8,  pp.  228-280. 

1865.   Description  of  a  new  spedes  of  Pentamems.   Fhila.  Acad. 
Nat.  Sci.,  Proc,  vol.   (1855),  p.  441. 
Conybeare,  W.  D.,  1822.    Outlines  of  the  geology  of  iiingland  and  Wake. 
Cope,  E.  D.,  1872.   Report  on  Wyandotte  cave  and  its  fauna.   8d.  and  4th. 
Indiana  Reports,  pp.  157-182. 

1876.  [Description  of  Reptiles  and  Fishc.^^  fioni  Vermillion  County, 
Illinois,  indicatinpT  strata  of  Permian  or  Triassic  age].  Phila.  Acad.  ScL, 
Proc.  vol.  (1875),  pp.  404-411. 

1879.  The  relations  of  the  horizon.s  of  extinct  vertebrata  of  Europe 
and  North  America.  U.  S.  Geol.  and  Geogr.  Surv.  of  the  Territories, 
F.  V.  Hayden  in  diarge.  Bull.,  vol.  5,  pp.  88-64. 

1884.   [And  Wortnwn,  J.  L.].  Poat-Fliocene  vertebrata.  14tli.  Indi- 
ana Report,  pp.  3-41. 
Comett,  W.  T.  S.,  1874.  Geology  of  the  Madison  Hills.   [Announeenwnt  «f 
the  discovery  of  Lower  Silui  ian  fu.s.sils  in  the  Upper  Silurian  of  Borden]. 
Indianapolis  Journal,  July  10th,  1874. 

1875.  Ust  of  fossils  in  JelTerson  cotinty.  6tli.  Indiana  Report,  pp. 
182-186. 

1876.  ictter  to  W.  W.  Borden  on  the  discovery  of  Lower  Silurian 
fossils  in  rocks  formerly  considered  as  Upper  Silurian.  7th.  Indiana 
B«g«rt»  p.  1^ 
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Coryell,  H.  N.,  1915.    Correlation  of  the  outcrop  at  Spades,  Indiana.  Ind. 

Acad.  Sci.,  Proc  im  1914,  pp.  389-898. 
Cox,  E.  T.,  1869.   First  annual  report  on  the  gedogical  survey  of  IndUaia, 

made  during  the  year  1869,  240  pp. 

1871.  Second  report  of  the  geohiglcal  survey  of  Indiana,  made  in 
the  year  1870,  803  pp. 

1872.  Third  and  Fourth  reports  of  the  geological  survey  of  Indiana, 
for  1871  and  1872. 

1872a.  Western  coal  mea.sures  and  Indiana  coal.  Amer.  Assoc  Adv. 
Sci.,  Proc,  vol.  20,  pp.  2.'!6-252. 

1874.  Fifth  i-eport  of  the  geological  survey  of  Indiana,  for  1873, 
494  pp.  Maps. 

1875.  Sixth  report  of  the  geological  survey  of  Indiana,  for  1874, 
287  pp.  Maps. 

1876.  8ev«ith  report  of  the  geologieal  survey  of  Indiana,  for  1875. 

599  pp. 

1879.    Eighth,  Ninth  and  tenth  reports  of  the  geological  survey  of 

Indiana,  made  dtiring  the  years  1876-1878,  541  pp. 

1869-1879.     The  1st.  to  10th.  Indiana  Rcpoit.s  are  by  E.  T.  Coac. 
Coxzens,  I.,  1846.    Discovery  of  three  fossils  from  the  Falls  of  the  Ohio. 

Ann.  N.  Y.  Lyceum  Nat.  Hist,  vol.  4,  pp.  157-169. 
Cttbberly,  E.  P.,  1894.   Indiana's  structural  features  as  levcalcd  by  the  drill. 

18th.  Indiana  Report,  pp.  219-255,  map  and  16  colored  ^eolo^ical  section.s. 
Culbertson,  Glenn,  1916.    The  geology  and  natural  resources  of  Jefferson 

OMBty,  Indiana.  40th.  Indiana  Ri^rt,  pp.  228-289. 
Gmnings,  E.  R.,  1900.  The  Waldron  fauna  at  Tarr  Hole,  Indiana.  Ind.  Aead. 

Sci.,  Proc  for  1899,  pp.  174-176. 

1901.  Notes  on  the  Ordovieian  rocks  of  southern  Indiana.  Ind.  Acad. 
Sci.,  Proc.  for  11100,  pp.  200-216. 

1901a.  The  use  of  Bedford  as  a  fonnational  name.  Jour.  Geol.,  vol. 
9,  pp.  232-233. 

1901b.  A  section  of  the  upper  Ordovieian  at  Vevay,  Indiana.  Am. 

Ckol.,  vol.  28,  pp.  361-380. 

1902.  A  revision  of  the  Bryozoun  genera  Dekayia,  Dekayella  and 
Heterotnrpa  of  the  Cincinnati  group.   Am.  Geol.,  vol.  29,  pp.  197-218. 

1903.  The  morphogenesis  of  Platy.strophia:  A  .study  of  the  evolution 
of  a  Paleozoic  Brachiopod.  Am.  Jour.  Sci.,  4th.  ser.,  vol.  15,  pp.  1-48, 
121-186,  27  ligures. 

1906.  Weathering  of  the  Subcarboniferous  limeetonei  of  southern 
Indiana.  Ind.  Acad.  Sci.,  Proc.  for  1905,  pp.  85-100. 

1906a.  Fauna  of  the  Salem  limestone  of  Indiana  [with  J.  W.  Beede, 
Essie  A.  Smith,  and  E.  B.  Bran.son].   30th.  Indiana  Report,  pp.  1187-1486. 
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Chaprb  I. 
BUILDING  STONES. 

•  Bailding  stones  usually  include  thow  used  in  the  oonstmetien  of  ediiices, 

those  used  for  ornamental  purposes  in  oonstruction,  and  those  used  for  roof- 
ing, flagging  and  curbing.  '  •  ■ 

The  Icinds  of  rock  included  under  buildinf  stones  are  varieties  of  thcr 
three  great  divisions  of  rocks,  sedimentary,  igneous  and  metamorphic.  The 
only  igneous  and  metamorphic  vock>-  in  IiKiiana  arp  those  occurrinp  in  the 
glacial  drift.  The  boulders  ol"  iKiieou-s  and  metamorphic  rock  are  frequently 
used  for  interior  and  exterior  rubble-work  in  the  glaciated  area  of  the  State. 
The  main  supply  of  building  stone  in  Indiana  is  obtained  from  the  sedimentary 
division  of  rocks. 

Properties  of  BuUdvng  Stones.  The  value  of  «  stone  for  building:  pur- 
poses depends  upon  its  chemical  and  physical  ]lT^*rties.  Color  is  one  of  the 
important  properties  of  building;  stones.  Permanency  and  uniformity  of  color 
are  very  de.sirable  qualities.  A  stone  may  have  a  very  pleasing  color  in  the 
quarry  and  change  to  a  very  different  one  when  placed  in  a  structure.  The 
color  may  be  in  the  constituent  prrains  or  in  the  comcntinp  material  which 
hinds  the  grains  together.  Sedimentai-y  rocks  often  contain  oxides  of  iron 
which  pMdoee  red,  ydlow  or  hulf  colors. 

A  pood  building  stone  must  have  two  kinds  of  strcn;rth.  It  must  have 
compressive  or  crushing  strength  so  that  it  can  withstand  the  weight  placed 
upon  it  without  crumbling.  The  stone  must  also  have  transverse  strength 
so  that  wlicn  it  is  supported  nt  each  end  and  loaded  in  the  middle  as  in 
window  and  door  sills,  it  will  not  break. 

A  good  building  stone  should  have  a  low  porosity  so  that  it  will  not 
absorb  much  water  and  thus  will  be  better  able  to  resist  the  action  of  frost. 

A  building  stone  should  have  pood  resistance  to  heat.  It  should  not 
crumble  easily  under  the  temperatures  of  ordinary  fires.  It  should  also  be 
able  to  withstand  sudden  changes  of  temperature  so  that  if  its  temperature 
is  raised  suddenly  and  then  suddenly  lowered  the  stone  will  not  crumble. 

The  chemical  analysis  may  reveal  little  concerning  the  value  of  a  building 
stone.  The  presence  of  minerals  whidi  may  produce  detrimental  colors  during 
weathering  may  be  revealed,  and  whether  the  stone  should  be  classed  as 
calcareous,  silicious,  ferruginou.s  or  argillaceous.  *  (^»' 

The  life  of  a  building  stone  depends  upon  the  climatic  conditions  ot  me 
region  in  which  it  is  u-ed.  The  same  stone  will  last  for  a  mUCh  longer 
period  in  a  dry  climate  than  in  a  humid  climate.  Its  length  of  life  will  alao 
be  determined  by  its  position  in  the  structure.  A  porous  rock  in  the  founda- 
tion will  have  a  much  shorter  life  than  when  placed  higher  in  the  wall. 
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Tfie  Ordovictun  litneHtonen.  These 
bedded  limestones.   Serviceable  in  some 


Buildinir  .Stone. 

are  generally  thin  and  irregularly 
outcrops  for  building  purposes  and 
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flafirs  but  not  contributing  largely  to  our  supplies  of  good  building  stone.  The 
Ordovician  limestones  outcrop  in  the  counties  in  the  southeastern  portion  of 
the  State.    The  position  of  outcrop  is  indicated  on  the  geological  map. 

Siluriun  limeHtone  (Niagara)  is  widely  distributed  in  Indiana.    Its  out- 


Plate  I.    SbowinK  the  use  of  the*  Indiana  ciolitic  limi-rlonc  in  nlrurtuml  and  ornHmrntal  work. 

()b»or\-o  ntcp^.   porch  ami  trimmlnBs. 


crop  is  largely  concealed  in  the  north  central  and  eastern  Indiana  by  glacial 
drift.    In  the  .southeastern  portion  of  the  State  it  is  e.\posed  in  many  places. 

The  unwcathcrcd  stone  is  often  blue  in  color  but  white  on  weathered  sur- 
faces.   It  is  generally  thinly  bedded  and  is  much  used  for  curbing,  guttering 
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and  fla^grin^r.  It  has  also  been  uned  for  structural  purposeii  in  buildings  and 
bridjfCH.  The  Silurian  limestone  has  boon  quarried  at  the  followinff  points: 
Anderson,  Alexandria,  Bluffton,  Buena  Vista,  Delphi,  Eaton,  Greensburg, 
Harper,  Holton,  Huntinffton,  Kokomo,  Laurel,  Long^'ood,  Marion,  Markle, 
Montpelier,  Newpoint,  OsKood,  Peru,  Sardina,  St.  Paul  and  Westport. 


Plate  11.    BItickj)  of  oolitic  bcini;  unloartMl  at  the  mill  after  haviriK  been  taken  from  the  quarry. 

Note  the  abwnce  of  lint-*  «f  utmtlficatlnn. 


DevoytidH  liincittorns  occur  both  north  and  south  of  the  Silurian  area. 
The  limestones  are  thin  bedded  and  often  blue  in  color.  They  have  been  u.sed 
for  macadam,  rubble,  curbing,  flaf^ging  and  bridge  piers.  They  have  been 
({uarried  at  Decatur,  Ix)gansport,  North  Vernon,  Speed  and  other  places. 
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i\lui.'<v<  tlppiuv  Hmestones.  The  Mississippian  system  of  rocks  in  Indiana 
contain  a  wealth  of  goo^  bi'-ildiny;  stone.  The  divisions  which  contain  lime- 
stones are  the  Harrodsbur^r  (Wursaw),  the  Sn]em  (oolitic),  the  Mitchell,  and 
the  Chester  limestones  which  include  the  Beaver  Bend,  the  Reelsvillc,  the 
Beech  Creek,  the  Golconda  and  the  Glen  Dean.  The  Harrodsburpr  limestone 
overlies  the  Knobstone  shales  and  sandstones  and  underlies  the  Salem  when 
that  formation  ia  present.  It  is  often  thin  and  irrcjfularly  bedded  but  beds 
of  three  or  more  feet  in  thickness  are  not  uncommon.  It  is  often  very  fos- 
siliferous  containinff  crinoid  stems  and  br>'ozoans.  It  has  been  used  locally 
for  building  purpo.«es  but  has  had  a  more  extended  i-se  for  rubble  and 
macadam.  Its  hi^h  calcium  carbonate  content  makes  it  desirable  for  the 
manufacture  of  lime  and  cement.  For  its  di.stribution  sec  the  accrmpanyinp 
^reological  map. 


riitt«  III.    In  the  limc«torn-  U-ll.    Tnklnu  off  the  ovfihuiden  proiBrntorj'  f"  oprninu  h  <i»"i'iy 

in  the  IndiHnH  oolitic  liinraUinc. 


The  most  widely  used  and  widely  known  of  the  Missi.ssippian  limestones 
of  Indiana  is  the  Salem,  or  Indiana  oolitic.  This  is  the  most  widely  Vi-sed 
iime.stone  for  building;  purposes  in  the  United  States.  The  demands  for  it 
are  constantly  increasing?. 

nuildin^r  Stones. 

luiiiinin  Ootitlf.  Th«'  superior  (|ualities  of  the  oolitic  limestone  of  Indiana 
are  now  widely  iecoj;nize«l.  It  is  a  medium  fine-jrrained  stone  with  even 
texture,  compo.sed  of  minute  shells,  the  fragments  of  .shells  and  concretionary 
grains  (oolites)  cemented  by  calcite.    When  first  taken  from  the  quarr>'  it 
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i.4  soft  and  easily  carved  but  under  the  action  of  atmospheric  agents  accom- 
panied by  the  loss  of  quari-y  water  it  becomes  harder. 

Coiiiiionilion.  The  Indiana  oolitic  consists  essentially  of  calcium  carbonate 
which  rarely  falls  below  nincty-eiRht  per  cent  and  ranges  even  higher  than 
ninety-nine.  It  also  contains  on  the  average  more  than  three-quarters  of  a 
per  cent  of  ma^'nesium  carbonate,  a  small  amount  of  iron,  probably  in  the 
form  of  a  sulphide  and  a  small  amount  of  insoluble  matter,  largely  silica.  A 
detailed  quantitative  analysis  reveals  traces  or  minute  quantities  of  other 
elements  such  as  aluminium,  carbon,  potassium,  phosphorus,  sodium  and  sul- 
phur. Some  compounds  formed  from  these  elements  would  be  detrimental 
if  they  occurred  in  sufficient  quantities  but  this  rarely  ever  happens.  The 


Plati-  IV.    Vii-w  f>f  thr  Imiiunii  iMililir  limcMonc  ilUtrirl  nhowlnK  mill*  and  <iuai'rip». 


iron  present  is  partly  in  the  form  of  minute  crj-stals  of  pyrite  which  are 
widely  distributed  through  the  rock.  Uarely  are  they  so  concentrated  as  to 
form  blotches  by  their  oxidation. 

Ciilot:  The  color  of  the  limi\>i1onc  varies  through  shades  of  buff,  gray  and 
blue.  The  prevailing  color  in  the  oxidize<l  zone  above  the  level  of  ground 
water  is  butf.  The  prevailiniu''  color  below  the  level  of  ground  water  is 
blue.  (Jiay  shailes  occur  both  above  and  below  the  level  of  ground 
water.  The  blue  color  is  due  to  the  presence  of  compounds  which  ai-e  oxidized 
in  the  zone  of  weathering  the  oxidsition  producing  the  buff  color  which  is 
pemanent  in  so  far  as  any  change  in  the  constituent  materials  of  the  stone 
is  concerned.  The  compounds  present  in  the  blue  stone  which  are  oxidized 
are  piobably  compounds  of  iron  and  of  organic  matter.   The  oxygen  is  carried 


598 


Department  of  Conservation 


into  the  stone  by  ground  waters  which  were  oriffinally  meteoric  and  in  that 
state  secured  their  oxygen.  Since  the  level  of  ground  water  is  a  vacillating 
irregular  line,  and  the  penetration  of  oxygen  carrjnng  waters  was  greater  at 
some  points  than  others  and  the  amount  of  oxygen  carried  was  variable  the 
line  of  contact  between  buff  and  blue  is  a  very  irregrular  one.  It  requires 
only  a  short  period  of  time  for  stones  of  slightly  different  colors  to  assume 
the  same  hue  after  being  placed  in  a  building.  Light  buff  and  deep  blue 
stones  may  be  used  in  the  same  building  if  care  is  taken  to  select  the  proper 
blending  and  avoid  the  juxtaposition  of  strong  contrasts. 

Texture.  The  oolitic  limestone  is  composed  of  shells,  fragments  of  shells 
and  true  oolites.  These  constitute  the  grains  of  the  stone.  These  grains  were 
deposited  under  sea  water,  the  size  and  uniformity  of  the  grain  being  dependent 
upon  the  sorting  action  of  the  water.  In  the  quieter  waters  small  grains  of 
fairly  uniform  size  were  deposited;  where  currents  prevailed  larger  particles 


rUlc  V.    View  of  ft  utoiM!  mill  In  the  InilianB  n6litic  diiitrict.    Stone  in  the  forcuround  bt-inic 

unlondcd  from  cars. 


were  deposited  and  where  currents  were  shifting  fine  and  coarse  grains  suc- 
ceeded each  other  in  rapid  .-^ucce.^sion.  The  finer  particles  consist  largely  of 
the  shells  of  foraminifera  which  are  spherical,  conical  or  disc  shaped.  Around 
.•>ome  of  these  shells  there  are  concentric  layers  of  calcium  carbonate  thus 
foi-ming  a  pseudoolitc.  There  are  also  true  oolities  present  but  the  number 
is  not  large. 

•  In  the  coarser  varieties  of  stone  larger  shells  or  fragments  of  shells  are 
present.  Biyozoans,  brachiopods,  gastropods  and  other  fossil  fonns  pre- 
dominate over  the  foraminifera.  These  are  generally  young  forms  of  small 
size  but  occasionally  a  large  form  is  present  both  valves  being  present  and 
closed  indicating  that  it  was  probably  floate<i  to  its  position  due  to  its  hollow 
condition. 

The  shells  are  composed  of  calcium  carbonate  and  are  cemented  together 
with  ciystals  of  the  same  mineral.    The  value  of  the  .stone  for  building  pur- 
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poMi  is  gm%  enhaneed  by  the  proper  balsnee  between  the  softer  gnina 

and  the  harder  <  oment. 

Porosity.  The  property  of  having  pores,  minute  spaces  not  filled  with 
mineral  matter  it  possessed  by  most  rocks.  In  the  oolitic  stone  both  visible 
m  maeroeeopie  and  invisible  or  mieroseople  pores  exist  The  percentapre  of 
poro  spiicp  varies  with  the  size,  shape  and  arrangement  of  the  grains.  The 
pores,  both  visible  and  invisible,  are  of  in-egular  shape  and  are  due  to  in- 
complete cementation  in  part  and  in  part  to  cavities  in  the  interior  of  shells. 
There  are  bands  of  stone  in  which  cementation  has  been  carried  to  a  more 
perfect  state  resulting  in  high  density  and  minor  porosity.  In  such  instances 
cireulatinir  water  carryinir  calciam  carbonate  derived  from  upper  layers  have 
been  the  afrents  of  cementation.  Porosity  decrea.«;es  the  weight  of  a  stone  and 
excess  porosity  decreases  its  strength.  It  is  also  a  measure  of  its  absorptive 
power  and  in  a  meaann  its  rariatanee  to  frost. 

AbaorpHoH.  The  porosity  of  a  stone  is  measured  liy  tlie  quantity  of  water 

it  will  abfiorb.  The  ratio  of  absorption  is  the  ratio  between  the  weight  of 
the  stone  and  the  weight  of  the  water  absorbed.  Jhe  ratio  of  absorption 
ranges  from  1/lS  to  1/96  in  the  Indiana  oolitic.  The  resistance  of  a  stone 
to  frost  action  defjends  upon  its  absorptive  power.  The  more  water  a  stone 
absorbs  the  greater  the  disrupting  etfect  when  tlie  water  freezes  in  the  pores 
of  tiM  roeka. 

Spedfie  Gravity.  The  speciilc  gravity  of  the  air  dried  oolitic  stone  varies 

between  2.25  and  2.06.  The  average  of  a  large  nuniht  r  of  sampIcH  determined 
by  the  writer  gave  a  specific  gravity  of  2.45.  The  i^pecitic  gravity  of  the  un- 
seasoned stone  is  higher,  being  nearer  8.  The  shipping  weight  of  the  stone 
is  estimated  at  from  175  to  185  pounds  per  cubic  foot.  The  actual  weight 
per  cubic  foot  may  be  determined  by  multiplying  the  speciiic  gravity  of  the 
stone  hy  tim  wei^t  of  a  enbie  foot  of  water  (62^  pounds). 

Crtuhing  Strength.  The  compression  or  crushing  strength  of  a  stone  is 
measured  in  terms  of  load  per  square  inch  of  surface  required  to  crush  the 
stone.  Tests  made  upon  samples  of  Indiana  oolitic  limestone  indicate  that 
its  crashing  strength  ranges  from  4,000  to  10,000  pounds  per  square  bid). 
The  stone  of  the  minimum  strength  would  sustain  a  wall  constructed  of  oolitic 
btone  to  a  height  of  329  feet  and  the  stone  of  maximum  strength,  a  wall  822 
feet  hi^ 

Transvene  Strtngth.    The  transverse  or  cross-brealdng  strength  of  a 

building  stone  is  measured  in  terms  of  the  modulus  of  rupture  which  is  the 
weight  necessary  to  break  a  bar  of  one  inch  crosa  section  when  resting  on 
supports  one  inch  apart  the  weight  befaig  applied  in  the  middle.  The  load 
required  to  produce  rupture  in  the  ooUtic  stone  varies  from  81  to  HO  ixunids. 
The  transverse  strength  of  the  stone  is  sufficient  to  meet  ordinary  structural 
conditions.  Cross-breaking  is  produced  by  dilTerential  settling  of  structures 
and  where  this  is  excessive  few  stones  are  able  to  resist  it. 

Reniiftance  to  Heat.  Building  stones  are  sometimes  subjected  tO  high 
temperature  and  should  be  able  to  withstand  not  only  the  heat  but  the  oon- 
tr actional  effects  of  sudden  cooling.  The  failure  of  a  stone  may  be  due  to  the 
failure  of  the  inrlividual  grains  or  to  fho  f;i:lure  of  the  cement.  The  grains  and 
the  cement  of  the  oolitic  stone  are  composed  of  calcium  carbonate  and  there 
Is  probably  little  difference  in  the  temperature  required  to  produce  failure 
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in  these  two  constitoent  parts  of  the  stone.   At  a  temperature  varyinar  be> 

tween  800°  and  1000'  limestone  is  converted  into  lime  and  this  is  the  tcmjx'ca- 
ture  required  to  produce  complete  failure  in  the  oolitic  .stone.  Water  sud- 
denly thrown  upon  the  stone  when  heated  to  a  temperature  of  approximately 
lOOO'F  only  caused  a  slight  crumhlinfr  of  the  stone.  It  may  be  said  that  the 
Indiana  oSlitic  has  as  great  fire  resisting  properties  as  any  stone  of  similar 
comiMNdtiaii  and  higher  resiatanoe  than  many  Ibnestones. 

BtatBtamee  to  Frost.  The  power  of  a  stone  to  resist  frost  actiim  depMids 

upon  its  composition,  structure  and  density.  These  properties  all  afTr-ct  the 
amount  of  absorption  of  the  stone.  The  higher  the  amount  of  clay  or  organic 
matter  contained  in  a  stone  the  more  easily  it  is  alTeeted  by  frost  action.  A 

layered  rock  resists  frost  action  less  easily  than  one  of  homogenous  ^ttuc- 
ture.  The  greater  the  dentiity  of  the  stone  the  more  easily     resists  the  action 


Phto  VL   Thnr  ahcct  of  Indiami  oMHic  itonc  mill. 


of  fnst  Beinic  of  fairly  uniform  composition  and  homogenous  In  structure 

the  property  of  resisting'  frost  in  the  Indiana  oiilitic  is  dependent  upon  its 

density  or  porosity  which  is  somewhat  variable. 

Distributifm.  The  outcrop  of  the  Salem  formation  which  contains  the 
Indiana  oolitic  limestone  extends  from  Putnam  County  .southward  to  the 
Ohio  River.  The  belt  extends  thlou^rh  Putnam.  Owen,  Monroe,  Lawrence. 
Washington  and  Harri.son  counties.  The  width  of  the  outcrop  varies  from 
a  few  rods  to  fifteen  miles.  Quarries  of  the  oolitic  stone  occur  near  Roroona, 
Stinesville,  EUettsville,  Hunter  V'alley.  IJIoominjrton,  Clear  Creek,  Sanders, 
Oolitic,  Bedford,  Salem,  Corydon  and  Georgetown.  The  main  quarry  district 
lies  in  Lawrence  and  Monroe  counties  cxtendintr  from  Stinesville  to  Bedford. 
Seventy-six  latere  liuanies  are  located  In  these  two  t-ouiilies  and  supj)ly  fifty- 
five  mills  which  mill  between  ton  and  twenty  million  cubic  feet  per  year. 

The  Salem  limestone  dtps  southwestwud  at  the  rate  of  about  thirty-ftve 
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feet  to  the  mik-.  At  a  short  distance  from  the  outcrop  the  bed  passes  under 
an  over-burden  of  Mitchell  and  Chester  rocks  too  hea\'y  to  be  removed.  So 
quarrj'ins'  is  confined  at  the  present  time  to  the  outcrop  and  to  places  where 
the  over-burden  is  thin.  When  these  areas  are  exhausted  sub-surface  quarry- 
ing will  doubtless  be  undertaken. 

Mitchell  lime.stone.  Overlyinjf  the  Salem  limestone  is  the  bedded  Mitchell 
limestone.  The  layers  of  this  .stone  var>'  in  thickness  from  a  few  inches  to 
four  feet.  Perhaps  on  the  avera^re  the  layers  range  from  one  to  two  feet. 
The  .stone  i.n  harder  than  the  Salem  and  in  .some  zones  contains  much  chert. 
It  furnishes  a  very  .serviceable  building  stone  and  is  especially  well  adapted 
for  basements  and  foundations  as  it  resists  frost  action  well.  It  is  one  of 
the  best  limestones  in  the  United  States  for  macadam  and  has  had  an  ex- 


FIrU'  VII.     The  PinnHcIc,  Shoaln,   Indians.     An  oxponurc  of  MsnKficId  sandstone. 


tensive  use  in  Indiana  for  this  purpo.'^e.  It  has  also  been  used  extensively 
in  the  manufacture  of  lime  and  Portland  cement.  It  has  been  quarried  at 
many  points  along  its  area  of  outcrop.  It  has  been  quarried  and  used  extensively 
in  buildings  at  Spencer.  Other  quarries  are  located  at  Bedford,  Bloomington, 
Corydon,  Abydell,  Milltown,  Mitchell,  Greenca.stle,  Putnamville,  Marengo  and 
Salem.  Many  quarrie.s  are  located  convenient  to  highways  which  are  to  be 
niacadamed,  the  length  of  haul  determining  in  most  cases  the  location  of  the 
quarry.   The  distribution  of  the  Mitchell  is  indicated  on  the  geological  map. 

Chester  Lime.stoncs.  Overlying  the  Mitchell  in  Indiana  is  a  series  of 
interstratitied  limestones,  sandstones  and  shales  of  Chester  age.  The  lowcr- 
mo-st  bed  of  limestone,  the  Beaver  Bend,  is  a  cream  colored  oolitic  limestone, 
varying  from  massive  in  .some  outcrops  to  thin  bedded  in  others.    Its  thick- 
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nes8  is  usually  about  ten  to  fourteen  feet  though  in  places  it  attains  more 
tihm  fmenij  feet  It  may  be  need  for  rabble,  macadam  and  lime. 

The  Reelsville  is  usually  about  four  feet  thick  but  attains  a  thickness  of 
ten  feet.  It  is  generally  pyritiferoua  and  on  that  account  and  because  of  its 
thinness,  is  of  limited  lueftihiew. 

The  Beech  Creek  limestone  is  normally  about  fifteen  feet  thick  but  attains 
in  places  a  thickness  of  twenty-five  feet.  It  is  usually  jointed,  breaking  up 
into  cubical  blocks.  It  is  usually  massive  but  sometimes  thin  bedded.  The 
limestone  has  been  used  for  rubble,  macadam  and  burned  locally  for  lime. 

The  Golconda  limestone  is  coar>«ly  cn,stalline  in  the  lower  part  and 
oolitic  in  the  upper  portion.  It  generally  occurs  in  two  ledg:es  which  are 
sepaTftted  by  a  stratum  of  aihale.  It  attains  a  thickness  of  thirty  feet.  It 
has  been  used  locally  for  huildinjt,  rubble  and  macadam.  The  Glen  Dean  is 
the  uppermost  Chester  limestone  and  occurs  only  very  locally. 

The  Chester  limestones  have  been  used  locally  in  Owen,  Greene,  Monroe, 
Lawrence,  Martin,  Orange,  Crawford  and  Perry  counties. 

Pennsylvanian  limestones.  Beds  of  limestone  are  interstratitied  with  beds 
of  shale,  sandstone  and  coal  in  the  coal  measures  of  Indiana.  These  HmMtonea 
are  usually  irregularly  and  thinly  bedded.  They  are  serviceable  locally  for 
the  cruder  structural  putpoees  and  for  concrete  and  macadam.  One  of  these 
has  been  quarried  near  Farmersburg. 


There  are  a  number  of  geological  formations  in  Indiana  which  contain 
sandstones  suitable  for  structural  uses.  The  St.  Peters  sandstone  lies  too 
deeply  buried  to  be  utilised  in  Indiana.  The  Pendleton  sandstone  of  the 
Devonian  outcrops  in  a  few  places  and  is  used  for  structural  purpoces  and 

glass  sand. 

The  Missisaippiun  rocks  contain  a  number  of  sandstones  some. of  which 
are  suitable  for  structural  purposes.  The  Knobstone  contains  ledges  of  sand- 
stone which  are  thick  enouph  and  sufficiently  indurated  to  be  scr\'iccable  for 
building  purposes.  The  sandstone  from  the  Riverside  division  of  the  Knob- 
atone  has  been  quarried  at  St.  Anthony  near  New  Albany,  and  at  Riverside. 
It  has  served  a  local  demand  in  a  number  of  places  within  the  afea  of  its 
outcrop. 

The  Chester  division  of  the  Mississippian  contains  a  number  of  sand- 
stones which  are  locally  useful  for  structural  purpases.  The  Brandy  Run 
sandstone  which  lies  between  the  Beaver  Bend  limestone  and  the  Reelsville 
Umcstone  la  in  many  places  only  a  sandy  shale  or  a  thin  bedded,  fissile  sand- 
stone. But  in  places  ledges  of  indurated  sandstone  occur. 

The  Elwren  sandstone  which  occupie.'^  the  intei-val  between  the  Reelsville 
limestone  and  the  Beech  Creek  limestone  i»  like  the  Brandy  Run  shaley  in 
places  and  not  often  sufficiently  indurated  for  good  building  atone. - 

The  Cypress  sandstone  lies  upon  the  Beech  Creek  limestone  and  is  more 
uniform  in  thickness  and  properties  than  any  of  the  other  Chester  sandstones. 
Indurated  ledges  of  good  structural  qualities  are  of  common  oceurrehce.  The 
Hardinsburg  and  the  Tar  Springs  are  other  sandstones  of  the  Chester  which 
exhibit  local  phases  suitable  for  building  stone.  The  Chester  sandstones  have 
been  quarried  at  Canndton,  Fountain,  Williamsport  and  other  places. 
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Pennsylvanian  Sandstones.  The  principal  sandstone  occurs  at  the  base  of 
the  coal  measures  and  is  called  the  Mansfield.  In  places  it  forms  a  basal 
conglomerate  which  has  an  iron  oxidr  ctinent.  In  many  places  it  contains 
ledg'cs  of  iron  stotu'  which  are  suitable  for  buiklinp  purposes.  It  varies  in 
thickness  from  a  few  feet  to  two  hundred  feet,  it  has  been  quarried  at 
Manaflddp  Attica,  PottsviUe^  Oioala  and  other  places. 

The  coal  meawBTCe  contain  other  sandstones  which  are  useful  for  stme- 
tural  purposes  and  are  so  used  locally.  Such  .sand.stones  have  been  quarried 
at  Middleton,  Jasper  and  other  places.  One  such  sandstone  is  the  Meroin, 
cccttrrinir  >n  the  Mmthwestem  part  «tf  the  State. 
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CEMENT. 

Cement  is  a  calcined  or  cineruted  material  which  hu.s  the  properly  of 
setting  when  mixed  with  water  and  of  hardening  in  the  air  or  under  water. 

The  class  of  ctments  which  harden  only  in  the  air  arc  called  .simplp 
cements  and  those  which  will  harden  under  water  are  called  complex  cementh. 

Simple  Cements.  Simple  cements  are  ealeined  materials  which  may  be 
(iiviiU'ci  into  two  classis:  1.  Hydrate  cement.s  which  are  manufactured  from 
gypsum  by  driving  otf  a  part  of  its  water  crystallization.  They  include  such 
cements  as  plaster  of  Paris,  Keene's  cement,  Parian  cement  and  cement 
plaster.  They  differ  from  each  other  in  the  addition  of  .small  amounts  of 
sand,  limestone  and  clay  and  in  slight  variations  in  methods  of  manufacture. 
2.  Carbonate  cements.  These  consist  of  iiuick  limes  produced  by  calcination 
from  various  varieties  of  limestone,  marlile  or  dolomite*  the  temperature  of 
decarbonation  brinjr  reached  in  the  proces.'^. 

Complex  Cements.  These  are  cements,  the  materials  of  which  have  been 
subjected  to  temperatures  high  enough  to  form  new  chemical  compounds. 
Four  cla.'iso^  have  been  suppestcd:  fa)  Natural  cements  include  such  brand.s 
as  Roman  and  Uoi^endulc  cements  which  are  manufactured  by  burning  a  silico- 
aluninoaB  Umeatoiie  at  a  temperature  between  decarlxmatitm  and  elinkering. 
They  exhibit  no  free  lime,  po.^srss  hyrlraulic  propertie.<,  and  do  not  .-^lake  unless 
ground  very  line.  They  ai-e  of  lighter  weight,  burn  at  lower  temperatures, 
set  quieker,  have  less  ultimate  strength,  greater  variation  in  composition  and 
oanaUy  contain  a  higher  per  cent  of  mannc.^ia  than  Portland  cement. 

The  composition  of  the  silico-aluminous  limestones  from  which  natural 
cements  are  derived  is  variable,  the  constituents  varyinfr  between  moder- 
ately wide  limits.  The  silica  from  to  2')  per  cent;  alumina  from  1.6 
to  17;  ferric  oxide  from  1.34  to  6.30;  lime  from  22  to  36;  magnesia  from 
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2  to  18;  potu^  and  soda  fi-om  1  to  (>;  sulphur  trioxide  from  0  to  2;  volatile 
'   matter  (COH-  HtO)  32  to  34  per  cent 

The  Devonian  limestones  of  southeastern  Inrliana  have  been  used  ex- 
teiuively  in  the  manufacture  of  natural  a^ment  but  production  has  fallen  off 
until  at  the  present  time  it  is  being  produced  at  only  one  plant. 

(b)  Hydraulic  limes.  These  cements  are  manufactured  by  burning  a 
silicious  limestone  at  a  temperature  n  little  above  decarbonation.  They  are 
of  a  yellowish  tint  and  contain  considerable  fiee  lime.  They  set  slowly  and 
have  little  straigth  in  the  neat  but  are  of  greater  strength  when  mixed  with 
fiand.    They  are  of  little  economic  importance  in  the  United  5?tateK. 

(c)  Pozzuolan  Cements.  Cements  of  this  class  are  made  from  an  un- 
ealcined  mixture  of  slaked  lime  and  a  silicaaluminotts  substance  sodi  as 
volcanic  ash  or  blast-furnace  shiij-.  The  composition  of  the  mixture  may  vary 
between  the  following  limits:  Silica,  52  to  60  per  cent;  alumina,  9  to  21 
per  cent;  ferric  oxide,  S  to  22  per  cent;  lime,  2  to  10  per  cent;  magnesia 


Plow  S»t«*^  o«  o  eo««tot%t  Pla»nt 
Plate  Vm. 


0  to  2  per  cent;  potash  and  soda,  3  to  16  per  cent;  moisture  0  to  12  per  cent. 
Conents  of  this  type  are  manufactuted  in  Ohio  and  Alabama. 

(d)  Portland  Cement.  Portland  cement  is  the  product  obtained  from 
burning  at  a  liigh  temperature  an  artiAeial  mixture  of  calcareous  and  dlico- 
aluminous  rocks  or  slaj^s.  The  mixture  consists  essentially  of  lime,  silica, 
alumina  and  oxide  of  iron,  though  small  quantities  of  magnesia  and  other 
compounds  are  usually  present  It  was  first  manufactured  in  England  and 
su  Tuimed  bccause  of  its  resemUanoe  to  the  Portland  building  stone  of  that 
country. 

Raw  Materials.  The  raw  materials  used  in  the  manufacture  of  Port> 
land  cement  vary  widely  in  physical  and  chemical  characteristics.  In  the 
selection  of  materials  the  attempt  is  usually  made  to  select  for  one  consti- 
tuent a  rock  hisrh  in  calcium  carbonate  content  and  for  the  other  one  highly 
aluminous  in  composition.  The  mixture  may  be  marl  and  clay;  limestone  and 
clay  or  shale;  chalk  and  clay  or  shale;  pure  limestone  and  argillaceous  lime- 
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stone  or  limcBtone  and  aUig,  Sometimes  it  is  desirable  to  mix  two  limestones 

if  one  contains  too  higli  a  per  cent  of  ma^esia  but  is  so  situated  in  the  quarry 
as  to  make  its  use  essential  to  economy.  It  is  also  desirable  in  some  plants 
to  mix  two  kinds  of  shale,  say  a  highly  silicious  with  a  higrlily  aluminous  one. 
In  Indiana  the  mw  materials  used  in  the  manufacture  of  Portland  cement 
are  marl  and  day;  .-hale  and  limestone,  and  slap  and  limestone. 

Quarrying  Uuw  Materials.  When  surface  clays  are  used  the  open  pit 
metiwd  is  onplogred  for  aeeurinir  the  day  whidt  is  lo«ded,  by  steam  shovels 
on  cars  for  transportation  to  the  plant.  The  marl  is  talien  from  the  bottoon 
of  the  lakes  by  steam  dredges. 

The  shale  is  taken  from  the  face  of  an  outcrop  by  blastinfr  down  tlie 
shale  and  loadinp  it  on  cars  by  the  use  of  steam  shovels.  The  limestone  is 
obtained  from  the  outcrop  of  a  ledge  of  considerable  thickness.  Holes  about 
six  indies  in  diameter  are  drilled  about  ten  feet  back  from  the  face  of  tJie 
tfuarry  at  intervals  of  twelve  or  fourteen  feet  to  the  depth  of  the  quarry 
which  is  often  sixty  feet  or  more.  Each  of  these  holes  is  charged  at  top  and 
bottom  with  from  300  to  350  pounds  of  blastinfr  powder.  The  larger  blocks 
of  limestone  are  drilled  and  broken  up  with  explosives  and  the  smaller 
masses  loaded  on  cars  by  the  use  of  steam  shovels. 


Plate  IZ.  Vertical  Mctiim  of  kiln  UMd  in  wat  pracm. 


Crushini;:  and  Grinding.  The  limestone  is  crushed  first  in  large  gyrotary 

crushers,  then  in  small  ones. 

The  crushed  limestone  and  shale  are  dried  in  horixontol  cylindrical  ovens 
and  then  weighed  and  mixed  in  a  proportion  depending  tqion  the  diemical 
composition  of  the  limestone  and  shale. 

The  mixture  is  tirst  ground  in  a  tube  mill  until  it  is  line  enough  to  pass 
throui^  a  sieve  of  66  meshes  to  the  indi  and  then  in  a  ball  mill  until  it 
parses  a  95  mesh  sieve. 

Burning.  The  pulverized  raw  materials  are  burned  in  horizontal  cylin- 
drical revolving  kilns  wiiich  are  oonstmeted  of  a  steel  shell  lined  with  fire 
brick.  The  kiln  is  plured  on  a  .slant  and  the  raw  material  is  admitted  at  the 
stad(  or  higher  end  and  works  its  way  downward  toward  the  lower  end  where 
the  flames  of  the  kiln  are  fed  by  crushed  coal  under  an  411  r  pressure  of  66 
pounds  per  square  inch.  The  temperature  attoined  is  frOm  2,000  to  2,500 
degrees  F,  which  is  sufficient  to  convert  the  raw  material  idto  a  clinker.  The 
cHnker  drops  trough  an  opening  in  the  lower  end  of  the  kiln  into  a  pit  from 
which  it  is  elevated  into  a  vertical  cylinder  where  it  is  qioled.  G\;>^in7i  is 
added  and  it  is  grround  until  it  is  fine  enoujjh  to  pass  a  2P>0  mesh  sieve.  Being 
elevated  to  storage  bins  it  i.s  then  weighed  and  sacked  at  one  operation.  This 
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i«  the  dry  process  used  in  most  of  the  plants  in  Indiana.  The  wet  process  is 
deseribed  under  the  discussion  of  the  Indiana  Portland  Cement  Company. 


Raw  MateriulH.  The  raw  materials  for  the  manufacture  of  cement  are 
widely  distrilnited  in  Indiana.  The  fonnations  which  contain  suitable  ma- 
terials rantre  in  ajirc  from  the  Ordovician  to  the  Pleistocene.  The  outcrop  of 
these  materials  cover  a  large  area  in  the  State  and  the  materials  are  easily 
aecessiblo  to  transportation  facilities  and  to  fuel  auppUes.  Many  small 
streams  and  a  few  large  ones  cross  the  outcrop  of  the  raw  materials  and  from 
these  a  sufficient  water  supply  may  be  obtainc(L 

Ordovicuui  LimeHtonts  and  iihules.  Limetitones  of  this  age  attain  a 
thickness  of  thirty  feet  or  more  in  a  single  ledge  in  ttie  southeastern  portion 
of  Indiana.  Excellent  outcrops  occur  in  Clark  and  Jefferson  counties.  The 
limestone  is  often  argillaceous  but  in  many  places  is  a  soft  calcareous  stone 
of  whitirii  color.  Associated  with  ^e  Ordovician  limestones  are  beds  of 
shale  which  in  places  are  highly  calcareous,  in  other  places  silicious.  There 
is  little  doubt  that  in  these  limestones  and  shales  there  are  the  proper  ma- 
terials for  the  manufacture  of  Portland  Cement.  Chemically  some  ni  Vhm 
limestones  contain  more  than  ninety  per  cent  of  the  carbonates  of  calcium 
and  mapnesium  the  latter  varyinfr  from  six  to  ten  per  cent. 

Silurutn  LitncatoncH  and  iHutlea.  The  Silurian  limestones  form  the  bed 
rock  of  a  large  area  in  the  southeastern,  eastern  and  north  central  parts  of 
Indiana.  Much  of  the  limestone  of  this  ajjo  in  the  eastern  and  north  central 
portions  of  the  State  contain  too  high  a  magnesia  content  to  be  used  and  care 
be  exercised  in  selecting  a  loeatlmi.  Shales  of  a  calcareous  nature  are  to  be 
found  associated  with  these  limestones  and  Ordovician  and  Misstssippian  shales 
are  near  at  hand. 

Devonian  LiiuentuHts.  Devonian  limestones  suitable  for  the  manufacture 
of  bo^  natural  and  Portland  cement  outcrop  in  southeastern  Indiana.  These 

Pevonian  limestones  attain  a  thickness  of  ninety  feet.  They  outcrop  near  beds 
of  shale  of  Mississippian  age  which  may  be  used  to  obtain  the  proper  Port^ 
land  cement  mixture.  The  Devonian  limestones  are  being  Used  in  the  manu- 
facture  of  natural  and  Portland  cemi nt  at  Speed  and  the  New  Providence 
shales  of  the  Mississippian  to  form  the  mixture  for  the  latter. 

Muuriasippian  Limeatonen.  The  Mississippian  rocks  of  Indiana  occupy  a 
large  area  of  outcrop  in  Indiana  and  their  strata  contains  an  inexhaustible 
supply  of  excellent  materials  for  the  manufacture  of  Portland  cement. 

LimciitmLes.  The  limestones  of  the  Mississippian  which  are  suitable  for 
use  in  the  manufacture  of  Portland  cement  may  be  grouped  under  the  Har- 
lodshuiK  (Warsaw,  the  Salem  (Oolitic),  the  Mitchel  and  the  Chester.  The 
Uarrodsburg,  the  oldest  and  lowermost  member  of  this  group  of  limestones, 
attains  a  thickness  of  150  feet.  It  is  a  highly  calcareous  Umestone  suitable 
for  use  in  l!u  manufacture  of  Portland  cement.  Overlying  the  Harrodsbttrg 
is  the  Salem  limestone  which  is  of  hiph  calcium  carbonate  composition  and  an 
excellent  building^  stone.  Only  the  grades  of  this  stone  un.suitcd  to  building 
purposes  and  the  waste  from  the  quarries  should  be  used  for  cement.  The 
thickness  of  the  .'<aleni  lies  usually  between  forty  and  one  hundred  feet.  The 
percentage  of  calcium  carbonate  in  the  Salem  frequently  runs  as  high  as 
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ninety-eight  per  cent  and  one  per  cent  or  more  of  magnesium  carbonate  and 
less  than  one  per  cent  of  silica,  iron  and  alumina. 

The  Mitchell  limestone  which  overlies  the  Salem  where  both  are  present 
is  a  compact  bedded  stone  which  attains  in  places,  a  thickness  of  two  or  three 
hundred  feet.  This  limestone  contains  a  higher  per  cent  of  magnesia  than 
the  Salem  but  rarely  sufficient  to  render  it  unsuited  to  the  manufacture  of 
cement.  It  is  being  used  at  present  in  the  manufacture  of  Portland  cement 
at  Limedale  and  at  Mitchell,  a  form  of  utilization  for  which  it  is  well  suited. 
It  is  also  valuable  in  the  manufacture  of  lime  and  for  road  metal. 


Plate  X.    Shale  quarry.  Just  after  a  heavy  rain,  LoaUville  Cement  Co. 


The  Chester  division  of  the  Mississippian  contains  a  number  of  lime- 
stones such  as  the  Beaver  Bend,  the  Beach  Creek  and  the  Golconda  which 
could  be  used  in  the  manufacture  of  Portland  cement.  These  beds  range  in 
thickness  from  ten  to  thirty  feet.  Because  of  the  nearness  of  these  limestones 
to  the  thicker  beds  of  the  lower  horizon  the  necessity  for  their  use  will  prob- 
ably not  arise  except  in  very  isolated  instances.  Their  high  carbonate  con- 
tent, freedom  from  detrimental  impurities  and  nearness  to  excellent  beds  of 
shale  warrant  their  consideration  if  greater  nearness  to  fuel  supplies  or  other 
considerations  should  suggest  their  u.se. 

MintftHifippian  Shulex.  The  Mississippian  formations  contain  an  abundance 
of  shales  suitable  for  use  in  the  manufacture  of  Portland  cement.  They  are 
as  widely  distributed  as  the  limestones  of  that  period  and  are  within  easy 
reach  of  their  outcrop.  These  shales  may  be  grouped  under  the  Knobstone 
and  the  Chester  division. 
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Knob.ttone  StuUeit.  These  shales  lie  below  the  Harrodsburg  limestone  and 
their  outcrop  lies  parallel  with  the  outcrop  of  the  Harrodsburf;  and  the  suc- 
ceeding limestone  and  at  accesiiible  distances  from  these  limestones.  The 
Knobstone  shale  contains  facies  which  are  highly  arenaceous  in  character 
and  others  which  are  hi^^hly  aluminous.  In  securing  the  proper  mixture  for 
Portland  cement  it  is  desirable  to  use  a  certain  portion  of  each  of  these  shnles. 
The  shales  are  being  used  in  the  Lehigh  plant  at  Mitchell  and  the  plant  at 
Speeds  in  the  manufacture  of  Portland  cement. 

Chester  Shnleit.  Shales  occur  in  the  Chester  at  the  horizon  of  the  Brandy 
Run,  the  Elwren,  the  Golconda,  the  Hnrdinsburg,  the  Indian  Springs  and  the 


Plate  XI.    Rorti  (luarry,  Devonian  limestone,  I^tulaville  Cement  Co.,  S|ieccli«,  Iml. 


Buffalo  Wallow.  The.sc  shales  vary  in  thickness  from  ten  to  forty  feet  and 
some  of  them  are  in  places  wholly  replaced  by  sandstones.  Both  aluminous 
and  arenaceous  facies  of  the  shales  prevail  so  that  is  is  not  a  difficult  matter 
to  make  .selections  for  the  proper  mixture.  The.se  shales  are  being  used  by 
the  plant  located  at  LLmedale. 

Pleuitoeene  and  Pout  Plriatoceue  Marin.  The  glacial  lake  basins  of  north- 
ern Indiana  contain  large  quantities  of  marl,  the  calcareous  secretion  of  the 
plant  chara.  This  marl  is  essentially  calcium  carbonate  containing  small 
quantities  of  magnesium  carbonate,  iron  carbonate,  silica,  alumina  and  organic 
matter.    An  analysis  of  a  sample  of  the  marl  is  given  as  follows: 
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Analysis  of  Sample  of  Marl  from  James  Lake. 

Calcium  carbonate   92.41 

Magnesium  carbonate   2.88 

Calcium  sulphate   15 

Ferric  oxide  29 

Insoluble  (silica,  etc.)    1.16 

Organic  matter   1.97 


Total    98.36 

Workable  deposit  of  marl  occur  in  lake  basins  in  counties  in  the  northern 
part  of  Indiana  for  the  distribution  of  which  see  the  article  on  marl  in  this 

report. 


Pleistocene  and  Pout  Pteuttocene  Clayn.  Near  the  beds  of  marls  in  the 
northern  part  of  Indiana  there  are  beds  of  clay  of  neistoeene  and  Post 

Pleistocene  urc  which  arc  .xiaptod  to  u>v  in  cenu'nt  mixtures.  The  average 
of  the  analyses  of  e\fiht  samples  of  Kl&cial  clay  which  was  used  by  the  Wabash 
Cement  Company  i.s  ^ivcn  by  Oglesbqr  as  followa: 

Analysis  of  Pleistocene  Clay. 


Silica  (SiO.)   ,   66.74 

Alumina  (A1,0.)    19.43 

Ferric  oxide  (Fe^,)    4.88 

Lime  (CaO)    7.27 

Magnesia  (MgO)    8.05 

Loss  on  ignition   10.89 


Total   101.71 


F'lnmri-  Slui/.  From  the  iron  ^nii  ltc;  in  Indiana  a  larpe  supply  of  slag 
is  obtained  which  could  be  utcd  in  the  nianul'acture  of  Pozzuolan  cement  which 
is  made  from  granvlated  blast  furnace  slag  ground  with  dried  quteldime  or 
hydrated  lime.  The  blast  furnace  sln^r  may  also  be  U'-ed  in  the  manufacture 
of  Portland  cement  in  which  the  alag  taken  the  place  of  the  silico-aluminous 
material  of  the  shale.  Ground  limestone,  instead  of  quiddime,  is  mixed  with 
Flag  an'l  the  mixture  rinrlerated.  The  Univer>al  cement  plant  at  Bufllngton 
uses  slag  from  furnaces  of  the  lUinoi.s  Steel  Company. 

Cement  Plants. 

Itidi'ttiri  Por'hmt!  Ci  tuent  Cet>'i"ihii.  Tho  plant  fif  this  company  is  located 
south  of  the  Vandalia  and  Honon  btation  at  Limedale,  near  Greencastle.  The 
plant  began  operations  in  1919.  The  raw  materials  used  are  Mitchell  lime* 
stone  78'.',  Chester  or  AIIi  ^h. ny  <hale  ll'/r  and  surface  day  11^.  The 
capacity  of  the  plant  is  12UU  to  1500  bbls.  per  day.  The  process  used  is  the 
wet  process.  The  limestone  and  shale  are  crushed  in  gyratory  crushei-s.  The 
clay  is  disintegrated  in  the  wash-mill.  The  clay  slurry,  crushed  shale  and 
limestone  are  passed  throiii,'H  the  kominuter  and  then  throuph  a  vertical  rotary 
.screen  into  the  tube  null.  After  being  ground  in  the  tube  null  the  blurry  is 
discharged  to  correcting  basins  from  which  it  goes  to  the  mixing  basin.  From 
the  mixing  basin  it  goes  to  the  storage  basin  and  from  that  through  the 


Digitized  by  Google 


Department  of  Conservation 


Digitized  by  Google 


Hand  Book  of  Indiana  Geology 


613 


Limestone  Cemoit 


feed  tank  into  the  rotary  kiln  which  has  a  length  of  2-10  fret  and  a  diameter 
of  ten  feet.  The  clinker  produced  in  the  kiln  is  cooled  in  a  rotary  cooler, 
ground  in  a  kominuter  and  tube  mil!  and  stored  in  concrete  storage  bin  of 
the  silo  type.  The  follnwinp  tahlt  >lio\vs  the  composition  of  the  raw  materials 
and  the  product  as  furnished  by  the  president  of  the  company,  Mr.  Adam 
H.  Beck: 

Clay  Shale 

Loss  on  ignition  7.23  12.41 

Silica  (SiO.)   71.77  f»1.32 

Alumina  (AU).)   12.10  28.58 

Ferric  oxide  {FeA>t)...,  4.82  7.21 

Lime  (CaO)   80  .85 

Magnesia  (MgO)   1.00  1.00 

Snlplinr  tri<ntide  (SOi) . . 


43.44 
1.88 
.25 

.  20 

53.  yy 
.44 


1.6.^ 
22.32 

6.19 

3.27 
tiS.Ol 
.90 

1.63 


Ftoar  Plan 

INDim  POffTLMO  eCMENTCa 


Plate  XnL  Floor  pUm  et  IndlMHi  PortfaiiMl  Cament  Gompany'i  ptant.  Gracnontl*.  IndiaiMk 


h9high  PorUand  Cement  CompoMy.    A  large  plant  of  this  company  is 

located  at  Mitchell.  The  plant  consist.-;  of  two  10  kiln  units  and  has  a  total 
capacity  of  two  and  a  quarter  million  barrel  of  cement  per  year.  The  raw 
materials  consist  of  the  Mitchell  limestone  and  two  varieties  of  Knobstone 
ahale,  one  a  silicious  and  tlu'  n\hvy  an  aluminous  variety.  The  limestone  u.sed 
nms  high  in  calcium  carbon:. t<  ,  rarely  falling  below  96  per  cent.  The  lime- 
stone is  first  crushed  in  lai  Kf  K>'>'atory  crushers  then  in  nmaller  ones.  The 
ci*u8hed  limestone  and  .<;halc  are  dried  in  horizontal  rotary  ovens,  then  weighed 
and  mixed.  The  mixture  is  ground  in  a  tube  mill  until  it  is  fine  enough  to 
pass  through  a  sieve  of  65  meshes  to  the  inch,  then  in  a  ball  mill  until  it 
pa.s.ses  a  95  mesh  screen.  The  pulverized  mixture  is  burneil  in  rotary  kilns 
wliich  are  fired  with  powdered  coal  under  pressure.   The  clinker  formed  is 
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cooled  in  vertical  coolinic  cylinder."*.  Gypsum  is  added  and  the  clinker  ground, 
stored  and  tracked. 


1  li.ti   XI\'.    V  I'M  It'  InilinnH  l'i>  t'umi  r«nirn»  I'lnnt,  (irt-cnrasllc.  Intliann. 

Louitrille  Cvitieift  Com  pit  ii  if.  The  plant  cf  this  company  is  located  at 
Speeds  near  Sellersburj;  in  Clark  County.    The  raw  materials  used  consist 


rlhtc  XV.    f!rinT«l  mill  view  of  Louifivillf  I'l'mont  I'lant.  StuwlSi  ln«l. 
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of  hydraulic  limestone  of  Devonian  atro  anrl  Knobstonc  (N'cw  Providence) 
ehale  of  Mississippian  age.  The  limestcne  quarry  is  located  near  the  plant 
but  the  shale  is  brought  from  a  distance.  The  compony  manafaetures  a  con- 
siderable amount  of  natural  cement  hut  the  larger  pait  of  its  product  is 
Portland  cement.  The  production  of  the  former  for  VJVJ  was  300,000  bbls., 
and  of  the  latter  800,000  bbls. 

The  composition  of  the  raw  materials  and  the  finished  product  of  the 
Portland  cement  is  given  in  the  following  table: 


Lime- 

Raw 

Portland 

Constituent 

stone 

Shale 

Mixture 

Cement 

4.78 

65.64 

14.94 

21.32 

Alumina,  etc.  ( AhOO  . . . 

.  1,38 

23.52 

6.84 

8.78 

Cal.  carb.  (CaCO>) 

.91.25 

Caldam  oxide  (CaO)  . . . 

41.85 

63.26 

5.00 

1.94 

3.72 

84.93 

.94 

.27 

.42 

Sulphur  trioadde  (SOi). 

• 

1.66 

The  composition  of  the  hydraulic  liinestone  and  the  natural  cement  is 
idven  as  follows: 

Constituent  Natural  Cement  Rock   Natural  Cement 

Silica  (SiO,)   19.02  21.92 

Alumina,  etc.  ( ALO.)  96  9 . 42 

Ume  (CaO)  ;  34.68  17  r,3 

Magnesia  (MgO)    8.47  12.47 

Loss  on  ifrnition  !)6.85  8.56 

SuruciuHc  i'hnil  of  the  Sundtatky  Cement  Company.  This  plant  was  estab- 
lished in  1900  and  continued  in  operation  for  dghteen  years.   It  was  shut 

ilown  in  1919  but  lesumed  operation  in  192(1.  The  materials  used  durinp  the 
first  period  of  operation  of  the  plant  were  marls  taken  from  Lakes  Syracuse 
and  Wawasee  and  clay  from  near  Lapas,  about  thirty  miles  west  of  the 
plant  at  Syracuse.  Th(  composition  of  these  raw  materials  and  the  product 
is  given  in  the  Xwenty-tifth  Annual  Report  of  the  Indiana  Survey  as  follows, 
by  S.  B.  Newberry: 


Marl 

Clay 

Cement 

Silica   

  1.74 

55.27 

22.06 

10.20 

4.80 

8.40 

1.66 

9.12 

65.44 

5.73 

3.82 

  1.12 

0.90 

The  marl  contained  organic  matter  making  necessary  the  use  of  a  large 
quantity  of  water  to  form  a  slurry.  The  expense  of  removing,'  the  extra  water 
in  burning  rendered  it  difficult  for  the  manufactured  cement  to  compete  with 
that  produced  by  cheaper  methods.  Owing  to  labor  oonditiotts  and  other  difll- 


Digitized  by  Google 


Department  of  Conservation 


culties  the  plant  was  inin  at  a  loss  during:  1917  and  1918.  Ananftements  have 
been  made  for  usinf?  limestone  from  LoKunsport  and  the  proper  machinery 
has  been  installed  for  prindinK  this  raw  material.  The  capacity  of  the  plant 
is  about  50,000  barrelii  per  month. 

I'niversttl  PrrUinid  Ciiiuut  C"ontiMiii>t.  The  plant  of  this  company  is 
located  at  Butlinjrton.  The  plant  has  three  .separate  producing  unit.s,  mill.s 
:i,  4  and  6.  Power  i.-^  .supplied  by  trnn.^mis.Mon  line.^  from  Gary  and  South 
Chicago  and  from  the  waste  heat  power  plant  at  BufRnjrton,  12,000  K  W  by 
the  former  and  8,000  by  the  latter.  Coal  is  used  for  fuel,  that  which  is 
Ui'ed  in  the  kiln.s  being  pulverized. 


PUtc  XVI.    Kiln  iw>m.  iih<iwin><  tw<i  kllnx.  each  10  fevt  In  diameter  and  l&O  feet  lonx. 

Capacity  1.100  barrelii  per  day  each. 


Kilns  of  mills  No.  4  and  6  are  equipped  with  Cottrell  dust  precipitators, 
using  encrgj'  transfomed  and  rectified  to  65,000  volts  direct  current.  The 
efficiency  of  these  collectors  is  more  than  90  per  cent,  and  dust  collected  per 
kiln  per  hour  is  about  1,000  pounds. 

Raw  materials  used  in  manufacture  arc  granulated  slag  obtained  from 
the  bla.st  furnaces  of  the  Illinois  Steel  Company  and  Illinois  limestone. 

Slag  and  limestone  arc  dumped  into  their  respective  bins  at  opposite  ends 
of  the  raw  material  building.  When  crushed  to  about  I'a  inches  in  size,  the 
limestone  i.';  dried  in  rotary  driers,  and  is  given  a  preliminary  grinding  before 
delivery  to  hoppers  above  automatic,  electrically-operated  scales.  Slag  is  fed 
direct  to  the  drier,  then  pulverized  and  elevated  to  hoppers  above  the  auto- 
matic scales. 
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At  the  scales  the  slag  and  limestone  are  proportioned  to  assure  a  onifoim 
nixture,  which  is  then  g:round  in  tttbe  mills  and  elevated  to  hoppers  above  the 
rotary  kilns.  In  these  kilns,  the  mixture  attains  a  temperature  of  about  2^00 
degrees  Fahrenheit  and  burns  to  a  hard  "clinker". 

After  curing  for  about  ten  days  the  clinker  is  reduced  to  ubuut  '/^  ineh 
size,  and  then  is  pulverized  to  pass  a  slantinp  screen  with  'n  inch  openings. 
Gypsum  is  autoroutically  added  to  reflate  and  retard  the  setting.  Other 
tube  mills  complete  the  grindinir  and  deliver  the  cement  to  an  inclined  belt 
which  conveys  it  to  the  s^torajre  bins.  On  the  conveyor  the  cement  is  auto- 
matically sampled  every  eight  i-econds.  Every  hour  the  accumulated  .sample 
Ik  eartied  to  the  laboratories  where  tents  and  analyses  are  made  to  assure 
uniformity. 

From  the  storage  bins  the  cement  is  drawn,  weighed,  sacked  and  trucked 
to  the  ears.  (From  the  Guide  Book  of  the  American  Institute  of  Mining  and 
Metallurgical  Engineers.) 

The  capacity  of  the  plant  is  100,000  sack.s  per  twenty-four  hours.  The 
analyses  of  the  raw  materials  and  finished  product  is  given  below: 

Analyses  of  Raw  Materials  and  Product. 


Slag     Limestone  Gypsum  Cement 


.34.48 

2.22 

2.06 

19.61 

.12.99 

1.27 

.40 

7.71 

Ferric  oxide  (FeiOi)  — 

.;><) 

1.07 

.40 

2.22 

Iron  (Fe)   

1.20 

Calcium  oxide  (CaO) . . . . 

.42.78 

52.58 

32.17 

64.23 

Calcium  sulphide  (CaS). 

.  2.90 

.78 

2.29 

Manganese  oxide  (MnO:) 

.  1.38 

.71 

Carbon  dioxide  (COt) . .  • 

42.08 

Sulphur  trioxide  (SOi).. 

44.26 

1.78 

20.72 

1.60 

Wabmh  Portland  Cement  Company.  The  plant  of  this  company  i.s  located 
at  Stroh  in  Lagrange  County.  The  plant  is  located  between  Di^  and  Little 
Turkey  lakes  and  uses  the  marl  from  the  lakes  and  (rlacial  clays  for  its  raw 
materials.  The  composition  of  the  raw  nuiterials  and  the  products  as  given 
by  the  company  is  as  follows: 


Marl 

Clay 

Cejnent 

11.24 

62 .  8G 

.45 

3.60 

2.34 

6.58 

17.12 

2.14 

52.98 

23.01 

14.16 

.40 

1.80 

The  annual  production  is  f  it>m  300,000  to  350,000  barrels  of  cement. 
With  the  exception  of  the  chemical  laboratory  and  office,  the  whole  plant 
is  under  one  roof.    It  is  equipped  with  one  steel  rotary  dryer,  tube  mill  for 
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coal  grinding,  clay  pulverizer,  four  continuous  i-otai-y  kilns,  size  5x60  feel, 
daily  capacity  480  bbls.,  three  pug  mills,  three  tube  mills  und  four  ball  mills. 

The  marl  is  quarried  by  dredging  with  a  clam  shell  bucket,  loaded  directly 
into  narrow  gauge  cars  for  haulage  to  the  mill.  The  clay  is  loaded  with 
steam  Bhovd  into  standard  gauge  cars  and  unloaded  direetly  into  the  plant. 
These  raw  materials  are  washed  to  trmnve  delete!  ious  nKitter  from  clay  and 
marl.  Mixed  in  the  proper  proportions  the  raw  materials  are  ground  in  tube 
mills,  tomed  in  the  kilns  and  the  clinker  ground  into  the  finished  product 


Crapter  III. 

COAL. 

Coal  is  one  of  the  most  important  natural  resources  of  Indiana.  The  in- 
dustrial development  of  the  State  is  dependent  in  large  measure  upon  ita  eoal 

minin^j  industry.  For  this  reason  the  development  and  conservation  of  this 
resource  becomes  of  paramount  interest  to  the  citizens  of  the  State. 

Definition.  Coal  is  a  brown  or  black  mineral  substance  of  organic  origin. 
It  is  combustible,  burning  generally  with  n  smoky  flame  nnd  leaving  an  un- 
consumed  residue  called  ash  which  consists  of  mineial  matter. 

Varieties.  Many  varieties  of  coal  exist  but  only  a  few  classes  are  gen- 
erally recognised.  The  classification  is  based  upon  the  chemical  and  physical 

properties  of  the  coal  but  there  are  many  gradations  between  the  classes. 
The  common  varictie.s  are  peat,  lignite,  sub-bituminous,  bituminous,  semi- 
anthracite  and  anthracite.  Peat  is  supposed  to  represent  vegetable  accumula- 
tions which  aie  at  the  beKinnin>r  of  the  coalification  process.  The  peat  beds 
of  Indiana  are  discussed  under  a  separate  head.  Lignite  does  not  occur  in 
Indiana  in  quantity,  a  small  amount  of  lignitlzed  wood  is  found  in  the  glacial 
drift  in  a  few  places.  The  coal  of  Indiana  is  of  the  bituminous  or  soft  coal 
variety.    No  anthracite  or  hard  coal  is  found  in  the  State. 

Coiniwuition.  The  compositions  of  the  varieties  of  coal  differ  greatly.  The 
elementary  analyses  show  that  the  amount  of  fixed  carbon  increases  from  peat 
through  the  other  varieties,  in  the  order  named  abovr.  to  anthracite  and  that 
the  volatile  matter  decreases.  In  the  following  table  the  percentage  of  the 
various  elements  found  in  the  different  varieties  of  coal  is  giv«i. 


Klementary  .Annlyscs  of  Coa\  Varieties. 


Kino 


Carbon  i  Oxygen 

gen 


Peat   58.47 

MKiiitr  52. 6G 

8ub-bi luminous  i  58. 41 

Bituminous...  |  82  70 

Semi-bituminous.   .  s.'M4 

Anthracite  i  W.4o 


fL52 

.*!  2  '.' 

5.00 
4.T7 
4  .W 
2.43 


31.51 

I'T.IS 
28.99 
9  30 
4  (>:> 
2.45 


Nitro-  Sul- 
gen  phur 


Ash 


2.51 
..71 
1.09 
1.62 
I  02 


Water 


.22 


2.02 
.63 
.45 

.  to 


12.24 
4.79 
1  07 

si\ 
4.67 
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Fk«I  VolKe.  The  fuel  value  of  a  coal  is  dependent  upon  the  amounts  of 

fixed  carbon  and  hydrocarlXMIS  in  it.  These  compounds  are  called  the  fuel 
constituents  of  coal.  The  fuel  ratio  of  a  coal  is  determined  by  dividing  the 
fixed  carbon  percentaf^e  by  the  percenta(;ce  of  volatile  hydrocarbons  which 
the  coal  contldns.  For  example  if  a  coul  contains  sixty  per  cent  of  fixed  carbon 
and  thirty  per  cent  of  volatile  hydrocaibons  then  its  fuel  ratio  is  expressed 
as  two. 

The  volatile  hydrocarbons  burn  readily  but  produce  little  heat.  However, 
they  aid  in  the  tombiistion  of  the  coal.  The  fixed  carbon  i.s  the  heat  producing 
constituent  of  coal.  The  heating  power  of  coal  increaseti  with  the  fuel  ratio 
to  a  certain  p<^nt  beyond  which  the  diflleulties  of  ignition  more  than  eonnter- 


PIbIi-   XVII.     lii;i^;turii   to   ^^l■>w   the  fxtfiit  of  thi'    Ka^tci  n    Intiiiiii    <<ihI  fiilil. 


balance  the  extra  heat  units  derived  from  the  higher  percentage  of  fixed 
carbon.  Sneh  is  the  condition  in  certain  very  srraphitic  anthracite  coals  which 

are  found  in  .'^ome  .Atlantic  Coa.st  States. 

Origin.  The  generally  accepted  theory  of  the  foiination  of  coal  is  that  it 
is  of  vegetable  origin.  The  possibility  of  small  accumulations  of  carbonaceous 
matter  from  inorganic  sources  is  not  denied  but  that  our  thick  beds  of  coal 
had  any  other  than  an  organic  origin  i.s  not  accepted.  The  organic  theory  of 
origin  is  supported  by  a  great  many  facts,  among  others  the  following:  1. 
There  i.s  a  gradual  gradation  from  the  green  fibers  of  plants  to  the  Munpaet 
li^itc-like  brown  peat.  2.  There  is  a  close  relationship  between  the  elementary 
analysis  of  a  coal  and  of  vegetable  fiber.    3.  Many  impre.ssions  of  plants  and 
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parts  of  plants,  leaves,  twies,  stems  and  seeds  are  found  in  coal.  4.  Micro- 
scopic sections  of  coal  reveal  the  presence  of  vegetable  cell  structure,  epores, 
spore  cases  and  parts  of  vegetation.  5.  The  trunks,  branches  and  roots  of 
forms  of  vegetation  which  have  been  converted  into  coal  have  been  fonnd  in 

coal  bed.^. 

Mode  of  Aecumuiutiou  of  Oryunic  Mutter.  A  ditference  of  opinion  exists 
anwng  scientists  as  to  the  mode  of  aeeamulation  of  the  vegetable  matter 
which  formed  the  beds  of  coal.  A  n'eat  many  modes  of  accumulation  have 
been  suggested  such  as  flood  plains,  in  deltas,  in  peat  bogs,  in  marine  marshes, 
in  sargassa  sens  or  as  fresh  or  brackish  water  deposits  on  coastal  plains.  It 
does  not  Hcvm  ;i-  though  accumulations  sufficiently  free  from  impurities  could 
be  formed  either  on  the  flood  plains  of  rivers  or  in  delta  deposits.  It  would 
seem  as  though  coals  thus  formed  would  contain  a  gieui  deal  uf  land  derived 
inorganic  material.  Peat  bogs  are  too  limited  in  extent  as  we  know 
them  today  to  furnish  the  area  comprised  in  some  of  our  widely  distributed 
coal  beds  though  it  is  possible  that  peat  boKs  may  have  been  more  extensive 
during  the  coal  forming  periods.  Some  coals  may  have  originated  ftom 
accumulations  of  peat  in  bops  but  probably  not  the  more  extt  iisivc  beds.  The 
accumulation  of  marine  algae  in  sargassa  seas  does  not  seem  to  have  been 
the  mode  of  aeeamvlation  for  coals  are  rarely  formed  of  that  type  of  vegeta- 
tion and  land  plants  of  lar^e  size  are  found  in  coals.  The  accumulation  in 
low  areas  on  coastal  plains  in  fresh  or  brackish  water  swamptL  seem  to  WOr 
form  best  to  the  conditions  under  which  the  more  extensive  coal  beds  ware 
formed. 

The  facts  which  seem  to  support  the  coastal  plain  theory  of  accumulation 
are  that  the  rocks  with  which  coal  be<is  are  associated  were  deposited  on  the 
borders  of  land  areas.  They  show  alternation  between  marine  and  terrestrial 
conditions.  The  larpre  areas  of  some  coal  fields  seem  to  postulate  conditions 
similar  to  coastal  plains.  The  ab.scncc  of  much  sediment  indicates  the  ab.sences 
of  waves,  currents  and  rivers.  The  sueeession  of  coal  beds  is  more  easily 
oxplaini'd  by  the  assumption  of  an  oscillatiiir  coiislnl  ijlain  where  frc.«h  and 
brackish  water  conditions  of  deposition  were  followed  by  intervals  of  marine 
deposition.  In  order  to  account  for  the  thickness  of  vegetation  re<|uired  to 
form  the  coal  beds  it  seems  necessary  to  as^i  nio  that  the  accumulation  took 
place  upon  a  gradually  sinking  area  and  to  account  for  their  extent  to  assume 
that  an  area  of  large  extent  was  involved  in  the  movement 

CooHfieation  Procewwt.  The  changing  of  vegetable  matter  into  coal  in* 
volves  procfsses  -nmi-  of  which  are  biolo;rical,  .some  chemical  and  .some 
dynamical.  The  first  stage  called  putrefaction  is  probably  largely  bio-chemical. 
The  vegetable  matter  is  macerated  and  the  libers  broken  down  into  a  jelly- 
like  nia^s  by  tho  acticn  uf  oi  ir^niisnis  anvinir  which  bacteria  phiyed  an  im- 
portant pait.  The  chemical  reactions  involved  the  breaking  up  of  cellulose 
into  marsh  gas,  carbon  dioxide,  carbon  monoxide,  water  and  other  compounds. 
The  second  stage  involves  mctamorphic  chanpes  of  a  dynamo-chemical  oripin. 
These  changes  are  the  result  of  heat  and  pressure  produced  by  superincumbent 
beds  and  of  crustal  movements.  It  is  assumed  that  fissuring  of  the  super- 
ineumbent  rocks  was  necessary  in  order  to  pennit  thorough  oixidation. 

U'"/.  <<i  ( >rri( .  .  <  nee.  Coal  occur-  in  bods  which  lie  in  positions  governed 
by  the  movements  of  their  enclosing  rocks.  In  i-egions  of  little  crustal  dis- 
turbance they  lie  neariy  horixontal  or  with  moderate  degrees  of  dip.  In 
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mountain  arras  they  are  often  in  steeply  inclined  beds,  in  complex  folds  and 
often  badly  faulted.  The  individual  coal  bed  may  be  fairly  unifrom  in  thick- 
ness or  H  may  vary  greatly  in  short  distances.  Lens-Hke  beds  which  are  thin 
in  a  marginal  area  Mid  thicken  toward  a  central  area  are  of  common  occur- 
rence. In  Indiana  as  a  rule  the  coal  beds  dip  toward  the  southwest  at  about 
thirty  feet  to  the  mile  but  there  are  local  areas  where  greater  and  even  reverse 
dips  occur. 

AhsocuHhI  Rucks.  The  coal  of  Indiana  occurs  in  beds  in  sedimentary 
rocks.  The  beds  of  coal  are  intercalated  with  beds  of  shale,  sandstone,  lime- 
stone and  clay.  The  coal  vsoally  rests  on  beds  of  white  or  gray  clays  called 
fire  clay  but  not  always  posse.^.sintr  fire-proof  qualities.  In  some  jilaces  the 
coal  rests  on  shale  or  sandstone.  The  rocks  overlying  the  coal  bed^  are  gen- 
erally shales.  These  are  often  black  thinly  laminated  shales  splitting  readily 
into  .sheets  of  considerable  size.  The  shales  contain  considerable  carbonaceous 
matter  whidi  yields  often  as  much  as  twenty  gallons  of  oil  to  the  ton.  Some 


Plate  X.TX,    Plow  nheet  of  an  Indiana  coal  mine. 


of  the  shales  contain  large  spherical  concretions  of  lime  carbonate  or  pyrite. 
In  some  places  they  are  interstratiAed  with  thin  beds  of  fossiliferous  lime- 
stones. In  places  aandatone  rests  upon  the  upper  surface  of  the  1>ed  of  coal 
and  near  the  outcrop,  residual  clays  o(  filarial  debri.s  may  occupy  the  surface. 
Coal  IV  ressta  in  places  upon  and  beneath  sandstone.  Limestones  rarely  rest 
immediately  above  or  benea^  the  coal  but  they  occur  frequently  within  a  few 
feet  of  the  coal.  It  is  important  that  the  rock  immediately  underlying  the 
coal  should  not  be  subject  to  creep  or  it  may  rise  in  the  entries  and  cause 
diflenlties  in  mininfr.  It  is  important  also  that  the  rock  immediately  above 
the  coal  eh- rid  have  proper  tensile  strength  and  a  certain  degree  of  indura- 
tion  so  as  to  be  able  to  remain  unsupported  over  small  areas. 

Indiana  CoaL 

The  coal  )f  Indiana  belont-  to  the  bituminous  division  of  coals.  There 
are  two  varieties  that  have  characteristics  which  distinguish  them  from  the 
common  bituminous  type.  The  first  is  known  as  "block"  coal.  It  is  cut  into 
bh>dc>like  masces  hf  verticai  joints  and  splits  readily  ahmg  bedding  planes  or 
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laminations.  The  beds  are  muHe  up  of  alternate  layers  of  bripht  and  dull 
coal.  The  coal  .split.s  easily  alon^  the  dull  layer  and  reveals  charrnal-like 
surfaces  which  frequently  .ihow  impressions  of  plant  structure.  The  coal 
does  not  break  readily  across  the  laminae  and  in  weathering  the  blocks  split 
rather  than  crumble.  The  coal  does  not  cake  in  burning  and  K<'»'^'"nlly  leaves 
a  sliii^t  Kray  ash.  Another  variety  is  called  "Cannel"  coal  and  is  thought  to 
have  originated  from  the  accumulations  of  the  spores  of  plants.  The  appear- 
ance of  its  surface  is  dull  and  resinous  and  physical  composition  homogcncou.*. 
It  is  slightly  laminated  and  jointed  like  block  coal  but  breaks  with  a  conchoidal 
fracture.  It  contains  a  high  p<M-  cent  of  volatile  matter  and  for  this  reason 
is  very  useful  in  the  manufacture  of  producer  gas. 


Plal*>  XX,    Tipple  of  an  Indinnn  c«i«l  mine.    A  mine  with  m-dcrn  equipment. 


The  greater  part  of  the  coal  of  Indiana  belongs  to  the  common  bituminous 
type.  It  is  generally  bright  on  unweathered  surfaces,  breaks  in  cubical  masses 
and  is  not  .strongly  laminated.  In  burning  it  cakes  and  forms  either  a  red  or 
a  gray  ash  depending  up'  n  the  amount  of  iron  which  it  contains.  These 
bituminous  coals  contain  a  high  per  cent  of  volatile  matter  and  moisture  and 
a  medium  amount  of  ash  and  sulphur.  They  do  not  coke  readily  when  \is.ed 
alone  but  when  mixed  with  other  coking  coals  have  been  used  successfully. 
Coal  IV  is  considered  the  best  coking  coal.  Thoy  may  ho  used  successfully 
in  the  manufacture  of  producer  gas.  There  are  about  t!iirty-five  coal  beds  in 
Indiana,  eight  of  these  are  workable  over  large  areas  an. I  one  over  practically 
all  of  the  coal  area  it  occupies,  other  beds  are  workable  loc.  "ly. 

Indiana  Coal  Beds. 

The  coal  beds  of  Indiana  occur  in  the  rocks  of  Pennsylvania  age.  a  few 
beds  in  the  Pottsville  division  and  many  more  in  the  Allegheny  division  and 
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perhaps  a  few  to  u  higher  division  (ConemuuKh).  The  coals  belonxinR  to 
the  Pottsville  include  the  Cannelton  coal,  the  Kirksville,  the  Shoals,  the  Lower 
Clock,  the  Upper  Block,  the  Minshall  and  Coal  II.  An  unconformity  exists  in 
places,  at  least,  between  Coal  II  and  Coal  III.  In  places  the  unconformity 
occurs  above  the  Minshall  and  at  other  places  above  Coal  II. 

Cannelton  Coal.  The  type  locality  of  this  coal  is  at  Cannelton  in  Perry 
County.  It  occurs  near  the  base  of  the  Pottsville  and  was  deposited  in  basins 
and  a.*!  a  result  thins  from  a  central  point  of  maximum  thicknes.s  toward  the 
mar^cinal  areas.  The  maximum  thicknes.s  of  the  coal  is  four  feet  and  the  aver- 
age probably  not  over  three.  In  places  it  forms  a  solid  bed,  in  others  it  is 
split  by  a  clay  parting.  The  underlying  formation  i.<  .shale,  clay,  bone  coal 
or  cannel  coal.    The  overlying  formation  is  .<%hale  or  .sandstone. 


Pla1«-  .\XI.    A  <<uil  titiiU'  whii-h  iM-'ilucitl  l-H  chv  (H.l'in  tonst  i»f  co«l  in  oivht  houm,  Th«r 
AtTH'iionn  mini-  at  Bickm-ll.  Knox  Cnunljr.  Indinnn. 


Shoals  Coal.  This  coal  occurs  near  the  base  of  the  Pott.sville  in  the 
vicinity  of  Shoals  in  Martin  t^ounty.  West  of  Shoals  it  occurs  in  a  shale 
beneath  the  Man.-^field  sandstone.  It  wns  deposited  at  this  point  in  a  depres- 
sion formed  by  the  erosion  of  the  Mississippi  rocks.  The  unconformity  be- 
tween the  Penn.'iylvania  and  the  Mi.s-.«is.sippian  is  marked  as  a  few  rods  east 
of  the  coal  the  Missi.ssippian  .strata  arc  at  a  higher  elevation  than  the  coal. 
The  coal  is  from  one  to  three  feet  thick  and  often  very  impure.  It  may  be 
of  the  same  age  as  the  Cannelton  coal  or  .somewhat  younger. 

Kirksville  Coal.  The  Kirksville  coal  occurs  in  the  .southwestern  part  of 
Monroe  County  near  Kirksville  and  in  the  eastern  part  of  Greene  County.  It 
outcrops  on  the  Koontz,  Coleman,  Wampler  and  other  places  in  Indian  Creek 
Township  and  has  been  mined  in  this  locality  in  a  limited  way.    The  bed  is 
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lendike  and  has  a  thickness  ▼arying  from  two  to  three  feet.  It  is  usually 
solid  but  in  some  places  has  a  clay  parting-  dividing  it  into  two  beds  of  nearly 
equal  thickness.  It  is  a  firm  hard  coal  of  a  semi-block  character  and  not 
smutty.  It  lies  upon  cli^  or  shak  and  has  a  sandstone  or  shale  roof.  The 
diemiea!  composition  of  the  coal  is  as  follows: 

Fixed  carbon   32.96 

Volatile  matter   42.74 

Sulphur   2.76 

Ash    4.30 

British  Thermal  Units  14,699.70 

A  coal  of  similar  stratipfraphica!  position  occurs  on  the  State  Farm  at 
Putnamville.  It  is  from  a  foot  to  eighteen  inches  thick,  has  a  shale  roof  and 
a  fire  clay  bottom.   It  occurs  below  the  Mansfield  sandstone  a  distance  of 

about  forty  feet. 

Lower  Block  Goal.  Thb  coal  is  typically  developed  in  the  northern  part 
of  Clay 'County  and  has  been  mined  extensively  in  the  Brazil  district  where  it 
has  an  average  thickness  of  three  feet.  It  reaches  a  maximum  thickness  of 
ftve  feet  in  this  district.  The  upper  portion  of  the  bed  consists  of  from  six 
to  ten  inches,  of  bituminous  coal  through  which  the  joint  crevices  of  the  block 
coal  below  do  not  extend  with  any  degree  of  regularity.  Below  the  thickest 
portion  of  the  coal  there  is  often  a  layer  or  two  of  bone  coal  or  soft  coal. 
These  are  genei-ally  separated  from  the  block  coal  by  clay.  The  typical 
Lower  Block  coal  has  been  recognized  from  southern  Parke  County  to  Greene 
County.  A  coal  bed  in  Martin  County  at  Sampson  Hill  and  elsewhere  occu- 
pies the  same  stratigraphical  horizon.  Coals  in  Perry,  Spencer  and  Dubois 
eounties  may  be  equivalent  to  the  Lower  Block  coal. 

The  oompeeitian  of  several  samples  of  the  Lower  Block  coal  is  (iven  bdow: 

No.l  No.  2    No.3  No.4  No.5  No.  6  No.7 

Fixed  f'nrbon                        49.ir>  49  W     .50.42  48  23  4G  08  4f].or>  :>.S  S7 

Volatile  matter                   36.11  35.16    36.32  36.34  32.56  33.1»  26  85 

Ifo^ture                         11.20  18.82}  1 0.80  11.26  16.39  16.91  16.91 

 :  3.63  1.0r.^^.'5  4fi  4  If)  o.SS  4  W  7  37 

SMphur  62  1.47||   .34       .  56  1.U5  1.22  1.88 

Calories                          6,774  6,8881. 7,CQ0.  6,858  6,489    6,291 

B«  T»  U« (*■«*-.«»-.-•>•>•    ■■■•>■  11^080  0|fi94 

No.  1  from  Cardonia  near  Gart  No.  5,  Brazil  Block  Coal  Co.  No.  2  Brazil, 
Mine  No.  1,  B.  B.  C.  Co.  No,  S  Carbon,  near  Eureka,  B.  B.  C.  Co.  No.  1. 
No.  A  Asherville,  near  Crawford,  Block  C«miI  Co.  No.  8.  No».  5,  S,*7>aoatiiiW€St 
ef  Perth.    Analyst  of  first  four,  W.  A.  Noyes;  last  three,  F.  M.  Stanton. 

Upper  Block  Coal.  This  coal  is  typically  developed  in  Clay  and  southern 
Parke  counties.  Coals  of  equivalent  age  may  occur  north  in  Fountain  County 
and  south  in  Martin,  Daviess,  Dubois  and  .Spencer  counties.  The  average 
thickness  of  the  bed  is  about  thre<'  feet  but  thicknesses  of  five  feet  are  recorded. 
The  upper  Block  coal  was  deposited  in  basins  which  range  in  area  from  a 
few  acres  to  several  square  miles.   It  is  generally  continuous  between  the 

basin.s  but  von,'  thin.  The  joint  crevices  between  the  blocks  is  more  open  at 
the  top  than  at  the  bottom  of  the  bed  which  is  the  reverse  in  the  Lower  Block 
bed. '  The  Upper  Blodc  is  cfaaraetwlasd  by  the  presence  of  a  layer  of  hard 
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brittle  coal  about  two  inches  thick  a  little  below  the  middle  of  the  bed.  CUty 
gnerally  underlies  tlie  eoal  and  the  overlyin^c  rock  may  be  shale  or  nnditone. 
The  Upper  Block  is  separated  from  the  Lower  Block  whore  both  are  present  by 
about  thirty  feet  of  clay,  shales  and  sandstones  though  the  interval  is  some- 
times mueli  ton.  Tht  analyMB  of  «  sampte  of  Vpper  Blodc  from  Woodside, 
Owen  Covn^,  is  raited  Iqr  W.  A.  Nogrss  as  foUows: ' 

Analysis  of  Uppor  Blodc  CoaL 


Fixed  carbon   47.40 

Volatile  matter  36.45 

Hoistare  12.78 

Ash    3.42 

Sulphur    £6 

Calories   6,636 


Minnhuil  Coal.  This  coal  is  typically  developed  around  Minshall,  Mecca 
and  Sand  Crcdc  in  Panto  County.  The  coal  occurs  in  basins  and  the  average 
thickness  in  the  basin  is  about  four  feet  and  the  maximum  thickness  about 
six  feet.  Probably  the  best  areas  are  to  be  found  in  Warren,  Parke  and  Foun- 
tain counties.  The  coal  usually  has  fire  clay  underlyintr  it  and  dials  above  it 
The  overlyinp  shale  contains  a  fos.siliferous,  thin-bedded  limestone  which  lies 
only  a  few  feet  above  the  coal  or  in  some  places  rests  on  the  eoaL  Usually 
from  twenty  to  thirty  feet  of  day,  diales  and  sai^stone  separate  the  Minshall 
from  the  Upper  Block.  The  coal  is  a  firm  coal  with  a  shiny  surface,  not 
smutty  and  a  semi-block.  The  analysis  of  a  sample  of  the  Minshall  is  reported 
by  W.  A.  Noyes,  from  GifFord  No.  1,  Williamstown,  as  foUows: 

Analysis  of  Minshall  Coal. 


Fixed  carbon  39.48 

Volatile  matter  S7.67 

Moisture  13.12 

Ash   '  9.75 

Sulphur   2.85 

Calorics   6407 


Coo^  //.  This  coal  occurs  above  the  Minshall  coal  and  is  called  Upper 
Minshall.  The  interval  between  the  coals  is  generally  from  ten  to  twenty  feet 
but  in  places  the  fire  clay  under  Coal  II  rests  upon  the  Minshall.  Coal  II 
varies  g'reatly  in  thickness  and  workable  thicknesses  are  rare  in  many  locali- 
ties. In  Warren  County  it  varies  from  two  to  three  and  one-half  feet.  In 
many  places  it  is  separated  into  layers  by  partings.  In  some  places  Coal  II 
has  been  cut  out  by  erosion  preceding  the  deposition  of  the  AUegheaar  rocks. 
Throuprhout  the  stratipraphical  horizon  of  Coal  II  there  are  local  beds  «f 
coal  which  may  be  the  equivalent  of  the  bed  above  the  Minshall. 

Coal  in.  This  coal  has  an  extensive  development  between  Coxvllle  in 
Parke  County  and  Linton  in  Greene  County.  It  is  typically  developed  in 
the  northeastern  part  of  Vigo  County.  Over  large  areas  Coal  III  will  average 
six  feet  in  thickness  and  in  some  localities  maximum  thickness  of  eleven  feet 
are  reported.  Pyrite  and  clay  partings  are  common  in  the  eoal.  These  part- 
ing-s  avera^^e  five  or  si.\  inches  but  arc  in  places  over  a  foot  in  thickness. 
Horses  of  pyrite  al&o  occur  in  the  coal  in  places.    Ashley  bus  suggested  that 
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the  basin  in  whieh  Coal  III  was  laid  down  in  the  northern  part  of  Indiana 

area  lias  an  oa-t  and  west  direction.  South  of  the  Greene  County  line  the 
coal  which  occupies  the  apparent  stratigraphicul  position  of  Coul  III  it^ 
mudi  thinner,  ranging  from  two  feet  to  three  and  one-half  feet  The  com- 
position  of  Coal  III  is  giTen  in  the  following  table.  W.  A.  Noyes  and  F.  U. 
Stanton,  analysts. 

Analyaeit  of  S;lltl|)l(•'^  nfCnal  III 

.No.  1  Nd.  2  N.)  .{  No  4  \o.  5  \i>.  fi 

Fixed  tarhon    4G.45  39.35  M).m  41.;jo  41.85  40.49 

Volatile  matter   41.88  3D.49  38  62  38.03  37.76  36.(» 

Moisture   6,49  11  .Vt  12  •-»«  10  i:.  ft -22  10  45 

Ash   5.18  »  ()2  H  32  9.5N  11.17  12  62 

Sulphur   2.93  4  41  4  71  4.04  3.94  4.89 

Calories   6.W7  (>,  i?')  G  .vjn    c  214 

B. T.  r,  n.ti."M  ii,74r.  II. IS.-. 

No.  J  Coxville,  Cox  No.  3,  B.  B.  C.  Co.  S'oa.  J  and  J  llo^edale,  Purke 
County  Coal  Co.  A^os.  4.  5  and  «  Hymera,  No.  4,  Consolidated  Indiana  Coal 
Co.  .See  nnd  Ann.  Rcpt.  Ind.  (icol.  Surv.  Coal  III  usoally  has  a  red  ash 
due  to  the  presence  of  iron  pyrite  in  the  coaL 

The  interval  between  Coal  II  and  Coal  III  is  about  seventy-five  or  eighty 
feet,  usually. 

Coal  Ilia.  This  coal  lies  about  twenty  feet  above  Coal  III  but  at  Hills- 
dale only  a  bed  of  clay  separated  the  two  coals.  It  also  lies  close  to  Coal  111 
tn  the  Braxil  districts.   Over  large  areas  Coal  Ilia  is  only  18  Inches  thick. 

It  is  workable  in  only  local  areas. 

Coal  This  coal  is  tyi)ically  dcvclopeii  in  the  iiei^rhlwrhood  of  l.inton 

in  Greene  County.  The  averajje  thickness  of  the  bed  is  about  five  feet  with  a 
maximum  of  seven.  It  is  often  split  into  two  beds  by  a  parting  and  even 
when  solid  usually  has  a  smooth  parting  near  the  center.  It  is  of  workable 
thickness  in  Parke,  Vermillion,  Vigo,  Sullivan,  Greene,  Daviess,  Knox,  Pike 
and  Warrick  counties.  The  roof  over  IV  is  usually  shale  or  sandstone  and 
the  floor  is  sandstone  or  .sandy  chiy.  Thr»  interval  between  Coal  IV'  and  Co.il 
III  is  normally  about  seventy-live  feet,  though  much  les»  in  the  northern  part 
of  the  eoal  area.  The  composition  of  Coal  IV  is  given  in  the  following  analyses 
made  Iqr  F.  M.  Stanton  and  J.  W.  Graves. 

Analyses  of  .Samples  iif  Coal  IV. 

.\*o.  1  No.  2  Xo.  3  No.  4  No.  5  No.  6 

Five  I  carlM.n    4.'.  'Sn  K.  T)  4«i  20  44  4:i  47  01  4f)  2.1 

Volatile  mutter    35.54  .52. .i7  32.07  3S.1M  33.04  33. 4S 

Moisture    13.53  13  98  13  58  13  71)  14  23  12.15 

\sli    7.55  7  10  SI.-,  5  111  .•.72  S  14 

Sulphur    95  .«>  .01  2.i*i  .«9  I  41 

Calories   6.521    6.m  6.628  6.512  6,534 

B.T.  U   11.738    11.419  11.930  11,rJ2  11,761 

.\os.  1.  2  and  'A  from  N.  \V.  of  Linton,  Greene  Co.  No.  4,  Diamond,  N.  W. 
of  Mine  No.  9,  B.  B.  C.  Co.,  Parke  County.  Nos.  5  and  6,  Dugger  No.  4  mine. 
Island  Coal  Co.,  Sullivan  County. 
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Coul  IV  usually  has  a  ^ray  or  white  a&h  as  the  per  cent  of  pyrite  is 
low  and  there  ia  not  enovffh  iron  to  color  the  ash. 

Cna!  IVn.  A  bed  of  coal  occurs  typically  about  twenty  feet  above  Coal  IV 
and  is  desi^ated  Coal  IVa.  It  is  not  present  at  all  places  where  Coal  IV 
is  present  and  seems  to  be  present  in  a  few  places  where  Coal  IV  is  absent. 
It  is  worlcable  locally  over  small  areas. 

Ci.'//  \'.  This  is  tho  most  important  bod  of  coal  in  Indiana.  Its  im- 
portance is  due  to  its  extensive  distribution,  it  extends  almost  continuously 
from  the  Ohio  River  into  Vermillion  County.  In  only  a  few  places  where  it 
should  be  found  normally  is  it  absent.  Its  uniformly  workable  thickncs.>*  is 
another  factor  which  contributes  to  its  importance.  It  has  an  average  thick- 
ness appronchinR-  five  foot,  and  over  large  areas  its  thickness  will  run  from 
s'lX  to  eiRht  feet  while  locally  it  has  thicknesses  of  eleven  feet.  The  quality 
of  the  coal  varies  hut  taken  as  a  whole  it  is  a  prood  steam  coal  and  in  many 
localities  furnishci-  a  good  coal  lor  domestic  use.  In  the  majority  of  places 
Csal  V  is  overlain  hy  a  sheety  black  shale  vAidi  contains  concretions  of  pyrite 
which  are  often  sphprical  and  of  large  size.  They  -omotimos  project  down- 
ward into  the  coal.  The  shale  ai.so  contains  the  impressions  of  ftsh  tins  and 
marine  shell  fish.  In  some  places  the  shale  is  replaced  hy  sandstone  and  in 
some  places  a  Ims  of  uiay  shale  lies  between  the  coal  and  the  black  shale. 
A  bed  of  fire  clay  usually  underlies  the  coal  but  in  a  few  places  it  rests  on 
shale  or  f«ndstone.  At  a -distance  of  from  three  to  ten  feet  above  tiiere  itf 
a  be  !  of  limestone  varying  in  thickness  from  four  to  six  feet.  This  limestone 
contains  numerous  gastropod  casts  and  shells.  The  coal  contains  in  many 
places  thin  partings  of  pyrite  which  are  irregularly  distributed  even  in  local 
areas.   The  interval  between  Coal  I\'  and  Coal  V  is  normally  100  to  126  feet. 

The  composition  of  Coal  V  is  shown  in  the  analyses  of  the  samples  piven 
below.    Analy.ses  made  by  W.  A.  Noyes,  F.  M.  Stanton  and  K.  E.  Somermeir.' 


Analyses  of  ijamples  of  Coal  V. 

\m  I     \n  2     No  :!     No   I  ."i     Ni)  6 

Fixed  carbon    4'J.1«  41. tW  44.42  4li.27  42,17  43.53 

Volatile  matter   87.90  36.31  32  48  84.71  42.00  40.04 

Moisture   6.50  10  .30  I  J  ().s  12  ss  (i  45)  7.06 

Ash   6.35  11.75  11.02  6.14  8.74  8.77 

Sulphur   1.85  4.23  3  65  1.70  3.18  3.64 

Calories.   6,981  (i.J^J  (.117  C.-tTja  7.002  <).81l 

B.  T.  U   11,218  11,011  11,801    12.260 

No.  1  Cabol  and  Kauffman,  Mine  No.  9,  three  miles  southwest  of  Wash- 
ington, Daviess  County.  No.  2  West  of  Linton,  Greene  County.  No.  3  Bick- 
nell,  Knox  County.  No.  4  Ayrshire,  Pike  County.  No.  5  Alum  Cave,  Phoenix 
No.  1,  New  rittsburK  Coal  and  Cokc  Co.,  SulMvan  County.  Now  6  Boonville, 

BiK  Four  Mine,  Warrick  County. 

Coal  Va.  In  some  places  two  thin  beds  of  coal  occur  above  Coal  V,  one 
about  ten  feet  above  and  the  other  at  about  thirty-five  feet.  The  upper  is  gen- 
erally the  thicker  and  is  designate'!  as  Coal  V'a.  Locally  it  is  of  workable 
thickness.    It  is  almost  as  persistent  as  Coal  V. 

Coal  VI.  The  interval  between  Coal  V  and  Coal  VI  is  normally  about 
aeventy-flve  feet.    Coal  VI  is  ^ically  devehqied  in  Sullivan  County  to  a 
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fairly  uniform  thicknevs  of  from  six  to  eif^ht  feet.  Usually  about  one  foot  of 
the  bottom  of  the  coal  is  bone.  The  coal  is  characterized  by  the  presence  near 
the  central  portion  of  the  vein  of  two  thin  j»hule  partings  about  five  inches 
apAit  and  of  about  ono-half  inch  in  thieknon.  Coal  VI  usually  rests  on  clay 
or  shale  and  has  a  shale  roof.  North  of  Sullivan  Cornty  the  bed  of  coal  be- 
roraes  variable  occasionally  splitting  or  pinching  out  and  probably  disappearing 
altogether  north  of  the  central  part  of  Vigo  County.  South  of  Sullivan  County 
in  Knox  it  i.s  also  iri*efrular.  In  Gibson  County  it  has  a  thieknese  of  foui  feet 
and  is  workable  at  Francisco  and  elsewhere.  In  Warrick  County  it  apparently 
is  thinner  and  comes  near  enough  Coal  VII  so  that  the  two  may  be  mined 
together  in  .some  places.  The  composition  of  Coal  VI  may  be  judged  from 
the  following  analyses  made  by  R.  E.  Lyons,  W.  A.  Noyes  and  F.  M.  Stanton. 

Aaalyses  of  Samples  of  Coal  VI. 

No.  1    No.  2    No.  3    No.  4    No.  5  No.< 


Pi.xod  carbon    82.80  46.14  42.29  42.08  40.91 

Volatile  matter   82.60  .l*;  21'  .-il  29  40  34  80  34  8f) 

Moisture   10.04  7.61  13.99  12.17  12.82  13.33 

Ash  ,   4.40  8.03  14.32  9.16  10.30  10.70 

Sulphur    1  39  1  67  2  . 31  4.fiO  3.27  3.1.5 

Caloricti   6.844  6,489  6,201  5,732  6,117  6,062 

B.  T.  U   11,824  10,818  11,119  10,048 


No.  1  Fort  Branch  Coal  Co.,  Fort  Branch,  Gibson  County.  No.  2  Bicknell 
Goal  Co.,  KnoK  County.  Nos.  8  and  4,  Star  City  Mine  29,  GmuRiBdated  Indiana 

Coal  Co.    No.s.  5  and  6  West  Terrc  Haute,  Fauvre  Coal  Co.,  Vigo  County. 

Coal  VII.  This  coal  bed  lies  normally  about  forty-five  feet  above  Coal  VI. 
It  has  its  best  development  in  Sullivan  County  where  it  ranges  in  thickness 
from  three  to  six  feet.  The  roof  of  the  coal  i.s  shale  or  sandstone.  Where  it 
i.s  formed  by  sandstone  it  is  rolling  and  irregular  causinp  the  co.il  to  vary 
much  in  thickness.  A  bed  of  fire  clay  underlies  the  coal  and  in  places  rests 
on  limestone  whidi  is  nearly  always  present  a  short  interval  below  the  coal. 
The  coal  i.s  .loft  in  places,  in  others  firm  and  generally  free  from  .sulphur.  It 
has  been  mined  extensively  west  of  Terre  Haute.  It  occurs  also  in  Vermillion 
County.  It  is  present  in  Knox  County  south  of  Bicknell.  The  coal  bed  thins 
toward  the  .south  and  the  interval  betworn  it  and  Coal  VI  diminishes  until 
the  two  coals  are  thought  to  form  a  single  bed  in  the  southern  part  of  Gibson 
County. 

C<Hil  VIII.  About  seventy  feet  above  Coal  VII  in  Sullivan  County  near 
Merom  there  is  a  bed  of  coal  which  Ashley  designates  as  Coal  VIII  and  which 
he  says  is  not  known  to  be  workable  elsewhere.  In  the  southwestern  part  of 
Indiana  a  coal  bed  occurs  at  the  same  stratigraphical  level  as  Coal  Vin. 

CoaJ  IX.  This  coal  occurs  about  fifty  feet  above  Coal  VIII  in  the  south- 
western part  of  Indiana.  This  coal  outcrops  in  the  hills  about  Somerville  in 
Gibson  County.  In  the  southwestern  part  of  Indiana  there  are  three  thin 
coal  beds  lying  about  Coal  IX,  all  of  them  have  been  worked  locally.  The 
first  one,  Paikei  ("oal,  lies  150  feet  above  Coal  IX;  the  .second,  Friend.sville 
Coal,  about  forty-live  feet  higher,  and  the  third,  Aldrich  Coal,  about  thirty- 
six  feet  hli^r. 
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Distribution  of  Coal  in  Indiana. 


By  consulting  the  map  accompanying  this  chapter  it  will  be  seen  that  coal 
cecuTS  in  twenty^aix  counties  of  tiie  State.  The  foUowingr  counties  lie  wholly 
within  fho  area  of  coal  bearing  rocks:  Parke,  Vermillion,  Vigo,  Clay,  Sulli- 
van, Greene,  Knox,  Daviess,  Martin,  Gibson,  Pike,  Dubois*  Posey,  Vanderburgh, 
Warrick  and  Spencer.  The  coal  bearing  rock  occupy  ports  of  the  foUowing 
counties:  Warron,  Fountain,  MontgMnezy,  Putnam,  Owen,  Monroo,  Lawrence. 
Orange,  Crawford  and  Perry. 

In  Parke  County  coal  occurs  at  the  horizon  of  Lower  Block.  Upper  Block 
and  Minshall  are  both  wdl  developed,  each  reaching  workable  thicknesses. 
Coal  III  and  Coal  IV  occur  west  of  the  lower  part  of  Raccoon  Creek  and  dip 
toward  the  southwest  where  in  the  southwestern  part  of  the  county  they  dip 
below  Coal  V  which  occurs  only  in  this  part  of  the  county. 

Vermillion  County  contains  most  of  the  workable  beds  of  coal.  Minshall 
coal  and  Coal  11  outcrop  on  Big  V^ermillion  River.  Coal  III  extends  from  Hills- 
dale toward  the  southwest  passing  under  Coal  IV  which  extends  as  far  nortli 
as  Little  Vei-million  River.  Coal  V  occurs  in  the  .south  and  southwest  portions 
of  the  county.  Coal  VI  is  not  represented  by  workable  deposits.  Coal  VIJ 
occurs  only  in  the  southwest  comer. 

\'iKo  County  contains  nearly  all  the  workable  coal  beds.  Well  records 
show  the  presence  of  several  coal  beds  below  Coal  III,  these  probably  repre- 
sent Coal  II,  Minshall  and  the  Block  eoali.  Lower  Block  and  Minshall  are 
worked  near  Fontanet.  Coal  III  underlies  the  county  except  near  Foleyville. 
Coal  IV  is  absent  only  in  the  northeast  corner.  Coal  V  occurs  west  of  the 
river  to  Durkus  Ferry  and  west  of  a  line  drawn  from  that  point  to  the  south- 
east corner  of  the  county.  Coal  VI  does  not  occur  in  workable  quantities  if 
at  all.  Coal  VTI  is  found  only  in  the  southwestern  part  of  the  OOUnty  ex- 
tending farthest  east  along  the  Sullivan  county  line. 

Clay  County  contains  all  the  coals  including  and  below  Coal  V.  The 

Block  coals  reach  the  si'rface  in  the  noi  thci  ii  arnl  eastern  parts.  Minshall 
coal  near  Brazil  and  fiouthwesit  appai'ently  reaching  the  surface  in  some  un- 
expected places.  Coal  HI  is  mined  along  the  western  border  of  the  county. 
An  outlier  of  it  occurs  at  Middlcbury  near  Clay  City  on  the  east  side  of  Eel 
river  valley.  The  remainder  of  it  lies  on  the  west  side  of  the  river.  Coal 
IV  is  found  along  the  western  border  of  the  county  in  basins.  Coal  V  out' 
crops  in  the  southwest  corner. 

Sullivan  County  probably  contains  all  the  coals  to  Coal  IX.  Deep  well 
records  show  the  presence  of  coals  which  probably  correspond  to  most  of  the 
lower  coals.  Coal  IV  is  the  lowest  coal  outcropping  in  the  ounty.  It  out- 
crops along  the  eastern  edge  of  the  rounty.  Coal  VI  outcrops  about  one-fourth 
to  one-half  of  a  mile  west  of  the  outcrop  of  Coal  V.  Coal  VII  occurs  almost 
to  the  easttm  border  of  the  county  aloi«  the  south  line  but  lies  west  of 
Bus.<^cron  Creek  farther  north.  Coal  VIII  has  a  workable  thickness  near 
Merom  in  the  western  part  of  the  county. 

Greene  County  contains  nearly  all  of  the  coals  below  Coal  Vni.  The 
Minshall  coal  seems  to  be  absent.  Coals  which  correspond  in  stratigraphical 
position  with  the  Block  coals  occur  along  the  western  bluff's  of  White  River. 
Coal  II  is  thought  to  occur  to  the  west  of  the  river  bluffs.  Coal  III  and  IV 
underlie  the  western  tier  of  townships^  and  Coal  V  underlies  the  west  half 
of  the  tier.  Coal  VI  and  Coal  VII  occur  along  the  western  edge. 
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Knox  County  has  all  of  the  coal  beds  of  large  workable  extent  outcropping 
within  the  county  or  underlying  it.  Coal  V  is  absent  only  in  the  northeast  part 
of  the  county.  Coal  VI  outcrojis  in  an  inepulai  line  a  few  miles  west  of  the 
West  Fork  of  White  River  und  underlies  the  i-emainder  of  the  county.  Coal 
VII  outcrops  a  short  distance  w«st  of  Coal  VI  and  dipping  below  the  snrfaee 
rapidly  it  oeenn  at  a  depth  of  882  feet  at  Vincennes,  or  flfly-three  feet  above 
sea  level. 

Daviess  County  contains  representatives  of  nearly  all  the  coals  from 

Upper  Block  to  Conl  V,  inclusive.  A  coal  at  the  horizon  of  Upper  Block  out- 
crops along  the  eastern  border  of  the  county.  A  coal  at  about  the  horizon 
of  the  Minshall  coal  outcrops  about  two  miles  west  of  the  eastern  boundary 
of  the  county.  A  coal  that  i.s  thought  to  be  Coal  III  outcrops  four  or  Ave  miles 
west  of  the  east  boundary.  Coal  IV  outcrops  a  short  distance  west  of  the 
outcrop  of  Coal  III.  These  two  coals  underlie  the  central  part  of  the  county 
at  shallow  depths.  Coal  V  outcrops  in  the  western  third  of  the  county  and 
Coal  VII  at  the  western  edge. 

Martin  (  uuiity.  only  the  lower  coaU  are  represented.  Coal  I  (Shoals 
Coal)  and  representatives  of  the  Block  coals  occur  at  outcrops  in  the  hills 
along  n  north  and  .'^oiith  line  drawn  through  Shonls.  Sampson  Hill  and  Dover 
Hill  are  mining  localities.  Coal  I  is  only  u  short  distance  above  the  river 
west  of  Shoals. 

Gibaon  County  contains  i^ccessible  beds  of  the  higher  coals.  Coal  V  may 
be  readied  by  shafts  in  the  eastern  part  of  the  county.  Coal  VII  outcrops 
in  the  hills  in  that  reirion  and  Coals  V,  VI  and  VII  are  all  above  aea  levd  at 
Princeton.  The  Parker,  Friendsville  and  Aldridi  coals  are  present  in  the  bills 
of  the  western  part  of  the  county. 

Pike  County  contains  outcrops  of  Coals  III  to  VII,  inclusive.  Coal  III 
outcrops  in  the  northea  tei  ri  and  southeastern  corners.  Coal  IV  in  the  eastern 
part  of  the  county,  ('oal  V  outcrops  in  the  southeastern  part  of  the  county 
and  underlies  the  central  and  western  parts.  Coal  VII  occupies  the  upland 
in  the  northwest  part  of  the  county. 

Dubois  County.  Coal  I  (Cannelton  Coal)  occurs  in  the  tops  of  the  ridge.*^ 
in  the  eastern  part  of  the  county.  Two  or  three  beds  of  coal  lie  above  Coal  1 
and  bdow  Coal  III  which  outcrops  along  the  western  boundary  of  the  comity. 
Minshall  and  Coal  II  are  probid>Iy  represented  Iqr  beds  which  occupy  tbeee 
horizons. 

Posey  County  contains  Coals  V  and  VIT  at  considerable  depth,  potiaps 

throughout  the  entire  county.  Coal  X'lII  i-  probably  <10()  fe<'t  below  tltt  mr- 
face  at  Mt.  Vernon.  The  higher  coals  outcrop  in  the  uplands  in  tlie  north* 
western  part  of  the  county. 

Vanderburgh  County.  A  coal  at  about  the  horizon  of  Upper  Block,  Coal 
V  and  Coal  VII  are  apparently  all  the  coals  of  workable  thickness  in  this 
county.  Coal  V  lies  125  feet  above  sea  level  and  at  a  depth  of  260  feet  below 
the  surface  around  Evansville. 

Warrick  County.  At  Boonville  four  coals  lie  below  the  surface.  The.se 
are  probably  Coals  III,  IV,  IVa  and  V.  Coals  III  and  IV  outcrop  in  the 
eastern  part  of  the  county  and  Coal  V  near  the  central  part  just  east  of 
BooTu  illi  Coals  VI  and  VII  are  very  dose  together  in  the  western  part  of 
the  county. 

Spenoer  County.  Coal  I  occurs  in  the  eastern  part  of  the  county.  Coals 
III  and  IV  outcrop  in  the  southwest  part  of  the  county  and  are  found  at 
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fchallow  depths  elsewhere.  Coal  V  outcrops  in  the  tops  of  some  of  the  hilb 
in  the  southwest  part  of  the  county. 

In  the  followinf?  counties  smnll  areas  of  the  lower  CoaU  are  found.  They 

occur  in  workable  thickness  in  many  places. 

Warren  Countv.  Coal  i'.  (i>  ot  cur  in  the  western  two  tiers  of  townships 
chiefly  west  of  Pine  deck.  The  Minsliall  Coal  is  preJM»nt  in  this  area  and 
attains  a  thickness  of  four  feet.  A  few  feet  above  the  Min^hall  is  Coal  II 
whidi  attains  a  thicknesK  of  about  three  feet.  Other  coals  may  be  preoent 
under  the  glacial  drift  in  the  wp-tcrn  pa'  t  of  the  county. 

Fountain  County.  The  coals  represented  in  this  county  are  Upper  Block, 
Minshall  and  Coal  II.  The  coats  lie  in  limited  basins  and  the  outcrop  is  con- 
cealed larjjely  by  glacial  drift.  The  Upper  Block  extends  farther  to  the  east 
and  probably  underlies  the  largest  area  thoui^  it  must  be  deeply  buried  in 
the  Western  part  where  some  of  the  higher  coals  may  come  hi  under  tlie  giadal 
drift. 

Montgomery  County.  A  thin  bed  of  coal  lying  under  a  .sandstone  is  found 
in  the  western  part  of  Montgomery  County.  It  is  rarely  over  a  foot  in  thick- 
ness. 

Putnam  County.  A  thin  bed  of  coal  lies  uncitM-  the  Mansfield  sandstone 
in  this  county.  An  outcrop  occurs  in  some  shales  on  the  State  Farm.  The 
coal  has  a  thickness  of  one  and  one-half  to  two  feet  and  is  probably  at  about 
the  horizon  of  the  Kirk.-^ville  Cnal.  T>ower  Block  Coal  occurs  in  some  of  the 
higher  hills  of  the  west  part  of  the  county. 

Owen  County.  Coal  I  occurs  about  tiie  central  part  of  the  county  and  the 
Block  coals  in  the  southwestern  portion  of  the  coun^  lie  near  the  surface 
and  the  coal  is  mined  from  strip  pits. 

Monroe  County.  Coal  occurs  in  the  southwest  part  of  the  county.  This 
coal  is  probably  Coal  I  though  it  may  be  at  the  horizon  of  Lower  Block.  The 
coal  lies  in  a  basin  and  has  a  parting  at  one  point  which  consists  of  about  one 
foot  of  clay.  It  divides  the  bed  into  two  layers  about  sixteen  inches  thick. 
In  other  places  the  coal  is  solid  and  about  three  feet  thick. 

Lawrence  County.  Coal  I  outcrops  in  the  hills  in  the  southwest  part  of 
the  county. 

Orange  County.   Coal  I  and  possibly  a  higher  coal  in  the  hills  of  the 

western  part  of  the  county. 

Crawford  County.  In  the  western  part  of  the  county  and  the  southwestern 
comer  the  Cannelton  Coal  occurs. 

Pony  County.  Tin  lower  coals  are  present,  the  Cannelton  coals  (Coal  I) 
is  the  principal  one  but  in  the  west  part  of  the  county  there  are  one  or  two 
thin  coals  above. 


Definition.  Clay  is  a  soft  rock  composed  largely  of  minerals  belonging  to 
the  kaolin  group.  When  mixed  with  the  proper  proportion  of  water  it  may 
be  easily  molded  into  forms  which  have  the  property  of  retaining  their  shape. 
This  property,  called  plasticity,  is  not  posse.<^.sed  in  a  high  degree  by  other 
rocks,  and  is  therefore  one  of  the  determinative  characters  of  clay.    Clay  is 
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a  mechanical  mixture  of  minerals.  TIm  proportion  of  these  mineral  constit- 
uents may  vary;  hence  the  compoution  of  clays  varies  {greatly.  Aluminous 
days  are  those  containing  a  large  proportion  of  the  mineral  kaolinite,  which 
ia  the  basis  of  all  clays.  Arenaceous  clays  contain  a  large  quanti^  of  aand. 
Calcareous  days  contain  much  carbonate  of  lime  or  gypsum.  Ferruginous 
daya  contain  a  considerable  proportion  of  some  iron  compound. 

Clay  (jrottp  of  Hoek».  The  rocks  which  contain  clay  in  such  abundance 
aa  to  be  daased  in  the  day  or  argillaceous  group  of  rocks  are:  kaolin,  day» 
shale^  loam,  loess,  till,  adobe  and  soil.  The  term  kaolin  is  applied  to  beds  of 
pure  days,  largely  of  residual  origin.  Common  clay  is  a  mixture  of  kaolin  and 
Kand  and  other  impurities.  Shale  is  a  consolidated  clay  which  after  deposition 
was  compres.sc'd  nnd  indurated.  Loam  is  a  mixture  of  clay  and  sand.  Till 
is  a  clay  which  has  been  deposited  by  glaciers,  .^dobe  is  a  silty  clay  larfrely 
wind-deposited.  Soil  is  usually  u  mixture  of  clay  and  other  rock  particles 
with  organie  matter. 

Ongin  of  Clciy.  The  decomposition  and  the  alteration  of  rocks  containing 
silicates  of  aluminium  is  the  source  of  clay.  The  group  of  silicates  known  as 
fddspars  constitutes  the  most  fruitful  primary  aource  of  day.  Feldspar  is 
one  of  the  principal  constituents  of  granite  and  tMnte  i^MOUS  or  metamorphic 
rock.s  of  the  R-rnnitoid  jrroup.  For  this  reason  the  primary  formation  of 
residual  dcposiLs  of  clay  is  closely  associated  with  the  disintegration  of  granite 
and  the  subsequent  alteration  of  its  silicate  minerals. 

The  disintegration  of  granite  and  the  decompo.sition  of  its  minerals  is 
accomplished  by  the  various  mechanical  and  chemical  agents  which  are  actively 
engaged  in  rock  weathering.  The  alteration  of  the  dlieatea  ia  aeoompliahed 
by  the  action  of  mineral  and  vegetable  adds  carried  thnmi^  the  pores  of  the 
rock  by  circulating  waters. 

One  of  the  most  destructive  of  these  acids  is  carbonic  add  (HiCOt).  This 
acid  first  attacks  the  potash  and  soda,  hence  silicates  containing  those  bases 
are  the  first  to  be  broken  up.  Lime  and  magnesia  compounds  are  next  at- 
tacked, then  the  silicates  containing  iron,  and  lastly  the  aluminium  silicates, 
the  most  stable  of  the  compounds.  These  complex  compounds  having  been 
broken  up  into  tboir  component  elements,  reactions  between  the  elements  occur 
and  new  compounds  are  formed.  Aluminium  uniting  with  silicic  acid  forms 
new  silicates  which  are  free  from  the  other  bases  whldi,  dnee  they  are  more 
readily  soluble,  are  carried  away  by  circulating  waters. 

The  aluminium  silicates  thus  formed  are  kaolinite  (chiefly),  cimolite, 
halloynte  and  others;  also  some  oxides  and  hydroxides  of  aluminium  such  as 
bauxite  and  gibb.site.  These  aluminous  mineral.*;  form  beds  of  rock  called 
kaolin.  Kaolin  is  the  basis  of  all  clays.  The  purity  of  a  clay  and  often  its 
usefulness  depends  upon  the  percentage  of  Kaolin  which  it  contains.' 

Clays  of  secondary  origin  may  result  from  the  decomposition  of  a  large 
number  of  rocks  containing  clay,  such  as  shale,  slate,  argillaceous  sandstone, 
limestone  and  others. 


The  purest  form  of  day  contains  the  following  chemical  elements: 
Aluminium,  bydrotron.  oxygen  and  silicon.  Clays  usually  contain  impurities 
and  so  the  chemical  elements  composing  the  minerals  commonly  present  in 
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flay  are  aluminium,  calcium,  carbon,  hydrogen,  iron,  magnesiiun,  oxygen, 
pota5isium,  silicon,  »odium,  sulphur  and  titamuDL  Carbon  and  sulphur  may 
oeeur  a.s  simple  elementary  snbataneea  nneorabined.    The  other  elements  are 

combinof!  to  form  ^;uch  compounds  as  wator,  quartz  and  others.  In  the  chem- 
ical deterininution  of  these  eicment«  they  are  represented  as  combined  with 
oxygen  to  form  osrides. 


Plat*  XXn.  tMagnummUlc  aMtlon 


to  illuatrat*  Uw  fonnstlon  day  tw9m 

tar  aoliiUim. 


Chonieal  Gomponents  of  Clay. 

Name  of  Component                                     Chemical  Symbol 
Siliea   SK>. 

Alumina   AliOt 

Ferric  OXide  Fe,Oi 

Lime   CaO 

Magnesia   MgO 

FMadi   KK) 

Soda  Na/) 

Titanic  acid   TiO, 

Sulphur  trioxide  S0> 

Carbon  dioxide  CO- 

Water   H.O 


Iron  oxide,  lime,  mujrnesia,  potash  and  soda  are  classed  as  fluxinif  im- 
puritteh  because  they  lower  the  fusion  point  of  the  clay.  The  lime  is  usually 
combined  with  carbon  dioxide  (COt)  to  form  ealcite  or  with  water  and  sul- 
phur trioxide  to  form  gypsum.  Other  combinations  also  exist  so  that  an  ulti- 
mate chemical  analysis  such  as  the  above  does  not  present,  for  instance,  the 
amount  of  calcite  or  gypsum  present  in  the  clay,  but  merely  the  amount  of 
water,  lime  and  sulphur  trioxide  that  is  present  in  the  clay.  The  deter- 
mination of  the  pwoentage  of  the  different  mineral  oompounds  in  the  clay  is 
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•ailed  its  rational  analysis.  The  rational  analysis  may  be  computed  from  the 
uHimate  analysii  and  is  vseful  in  makinir  clay  mixtores. 

The  chemical  analysis  of  a  complex  <ubst;ince,  such  as  ordinary  clay, 
may  reveal  the  presence  of  a  large  number  of  chemical  elements  but  only  a 
lintfted  mmriier  of  mdi  dements  is  present  in  such  i|iuuitities  as  to  IwTe  any 


FiBto  XXm.    Dbucnun  to  Aam  tJw  occarmwe  ut  nlMtal  ctar  (till)  In  Plelitocenc  depwlta. 


influence  on  the  physical  |)i  opt  rties  of  the  clay.  The  followini;  table  presents 
the  ultimate  and  rational  analy>f-^  of  some  of  \hc  clays  of  Indiana.  They  were 
fcelected  to  show  the  variation  in  the  composition  of  the  clays. 


Analyses  of  Indiana  Clays. 

Ultimate  Analyses. 

Constituent  No.  1    No.  2 

Moisture  fll,()>   20  20.04 

Viil;i(ilc  itmUcr       (.  t  

.Silicon  diiKvide  (SiO,)   40     40  4.S 

Alkalies  (NaX),  KJO)  

Aluminium  oxide  (AX)j)   40  39.60 

Titanic  oxide  .  

rmn  <»\i(le  !  Fe  ( ),  *    .11 

Calcium  oxide  ((Ja()>  -  

Mapiesfum  o>ide  (MgO)  

Carbon  dioxide  (COi)  


ToUl   100    100  23 

Kational  AoalvMeH 

Clay  siihstanccs   100  100.18 

Free  siliea  

Fluxing  impurities   .11 

No.  1  AUophane.  No.  2  Mine  run  white  halloysite.  No.  3  Che^iter  shales. 
No.  4  Knobstone  shale.  No.  6  Average  of  four  fl^adal  days. 


No.  3 

No.  4 

No.  5 

l.W 

0  62 

Mi  07 

04  41 

52.65 

a.  12 

5.00 

3.00 

21.35 

18.  is 

13.21 

1.00 

.66 

1  13 

7.87 

5.^ 

4  fiT 

1.77 

8.50 

.71 

1.81 

4.95 

8.10 

!»y  45) 

100  26 

98  34 

o4  01 

Ki  12 

33  42 

31  57 

42  »8 

37.02 

12  SO 

15  12 

17.«7 
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The  clay  substance  is  computed  as  kaolinite  by  taking  from  the  ultiniate 
analjraes  the  neeesttty  ammint  of  aluinina  and  siHea  to  form  ft.  The  remaining 

silica  is  called  free  silica  and  is  supposed  to  exist  as  quartz  sund.  The  MBie 
of  the  iron,  lime,  magnesia  and  alkalies  forma  the  fluxing  impurities. 

Chemical  Compounds  in  Clay. 

The  chemical  compounds  wliich  are  usually  included  in  the  ultimate 
analysis  of  a  day  are  the  eompoundn  which  exert  the  greatest  Inlluenee  upon 
(he  physical  properties  of  clay.  For  this  reason  such  compounds  are  of 
sufficient  importance  to  merit  an  examination  of  their  form  of  occurrence  in 
clays,  their  properties  and  tlie  elFeets  which  their  presence  may  prodnee  upon 
clay  wares.  Following  is  a  discussion  of  the  more  important  of  these  com- 
pounds. 

aUiea.  The  silica,  the  percentage  cf  which  is  expressed  in  the  ultimate 
analysis,  may  fce  divided,  in  respect  to  its  influence  upon  the  clay,  into  throe 
parts.   The  ftrst  part  is  that  which  is  combined  wiUi  the  alumina  to  form 


VM»  XXIV.    Dlaimun  ttowtait  th*  «ecorreiiee  of  lenica  of  cisr  in  HiiMMone. 

the  kaolin  ^roup  of  minerals.  The  second  and  smaller  part  is  combined  in 
other  silicates  such  as  hornblende,  feldspar  and  mica.  The  third  part  is  un- 
combinofi  silica  called  free  silica  which  may  be  larpcly  in  the  form  of  quartz 
grains  (sand)  or  to  a  small  extent  of  colloidal  silica,  in  making  a  rational 
onaljrsis  of  a  clay  the  last  two  parts  are  rarely  separated.  The  usual  method 
is  to  compute  the  amount  of  silica  combiner!  to  form  kaolinite.  This  amount 
called  combined  silica  is  deducted  from  the  total  aunount  of  silica  as  revealed 
by  the  ultimate  analysis  and  the  remainder  is  called  free  silica.  This  method 
is  not  entirdy  satisfactory  from  the  clayworkcr's  standpoint,  since  some  of 
the  silicates  have  very  different  properties  from  quartz  and  may  exert  a  very 
different  influence  on  the  day  ware. 

The  (iTtcts  produced  upon  day  by  the  presence  of  free  silica  are  to 
influence  itm  texture,  it  bf  ndinff  power,  its  plasticity,  its  strength,  its  fusibility 
and  other  physical  piupurties.  The  coUodial  silica  increases  the  plasticity 
of  the  clay  and  increases  the  hardness  of  dry  clay.  These  elTects  are  discussed 
under  the  properties  of  days. 
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Alumiiui.  The  aluminn  revealed  by  the  chemical  analysis  is  derived 
largely  from  the  kaolin  group  of  minerals  in  the  clay,  but  a  part  may  be 
derived  from  feldspar  and  other  aluminous  minerals.  The  amount  of  aluminium 
in  Indiana  clays  reaches  its  maximum  in  the  halloysite  deposits  where  allo- 
phane  occurs  containinj;  as  much  as  forty  per  cent  of  alumina.  Alumina  is 
the  most  refractory  .sub.<tance  found  in  clays  and  one  of  the  most  refractory 
found  in  nature.  Besides  contributinp  to  the  refractoriness  of  the  clay  it 
also  furnishes  the  bonding  material  for  holding  together  the  inert  particles 
of  quartz  and  other  substances.  Without  its  presence  the  clay  could  not  be 
fashioned  into  the  desired  form.  Since  alumina  foi-m.s  the  basis  of  kaolin  or 
clay  substance  the  amount  of  alumina  present  has  an  important  influence  on 
the  u.scfuln&sg  of  a  clay.  The  amount  of  alumina  in  a  clay  is  revealed  by 
the  ultimate  analysis  and  is  partly  a  guide  to  the  ref ractonness  and  plasticity 
of  the  clay.  It  is  not  an  infallible  guide  because  there  are  other  factors  of 
plasticity  and  the  presence  of  other  substances  may  cause  a  low  degree  of 
fusibility  even  with  a  high  per  cent  of  alumina.    The  percentage  of  alumina 


Plate  XXV.    Diatrram  tn  show  the  occurrence  of  fire  clay  (under  clay)  beneath  a  bed  of  nwi 

which  hiu  on  ovrrtmrdtm  of  fhalf. 


runs  low^est  in  some  of  the  residual  surface  clays  and  in  mome  of  the  sundy 
shales. 

Iron  Oxide.  The  amount  of  iron  oxide  varies  in  different  clays.  It  is 
generally  least  in  kaolins  and  highest  in  common  red-burning  residual  clays. 
In  Indiana  clays  it  is  least  in  the  pure  white  halloysite  and  highest  in  .some 
varieties  of  mahogany  clays.  The  chief  .source  of  the  iron  oxide  in  clay  is 
from  iron  ore  minerals,  but  a  small  amount  may  be  derived  from  ferro-mag- 
nesian  minerals  such  as  mica.  The  iron  compounds  such  as  hematite,  limonite 
and  sidcrite  may  exi.'»t  cither  in  a  finely  divided  state  or  as  concretions  in 
the  clay.  Limonite  on  the  application  of  heat  loses  its  water  of  crj'stalliza- 
tion  and  becomes  red  oxide  of  iron.  It  is  to  this  last  compound  that  the  red 
color  of  clay  ware  is  due.  Siderite,  the  carbonate  of  iron,  under  the  influ- 
ence of  heat  gives  up  its  carbon  dioxide  and  becomes  ferrous  oxide.  In  the 
presence  of  oxygen  the  ferrous  iron  may  be  changed  to  the  ferric  oxide,  the 
red  oxide. 
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The  anllriiide  of  iron  which  in  a  common  impurity  in  ciuys  may  be  reduced 
to  the  ferric  mclde  under  tiie  actioB  of  heat.  Iron  is  also  a  Auxins  inirredient 
of  days.  When  the  iron  componnd  is  reduced  to  the  ferrous  state  in  the  ab- 
sence of  oxygen  it  will  unite  with  silica  forming  a  ferrous  silicate.  In  the 
presence  of  ottier  easily  reducible  compounds  the  ferrous  silicate  may  act  as 
a  rapid  i?olvent.  If  there  is  plenty  of  oxyj^en  present  the  ferrous  oxide  will 
l*e  further  oxidized  to  the  more  refractory  ferric  state.  Black  or  blue  colors 
in  clay  wares  may  be  caused  by  ferrous  oxide  but  the  red  color  is  due  to  the 
presence  of  ferric  oodde; 

Calcium  Oxide  (Lime).  The  amount  of  lime  in  workable  clays  i.>;  peneially 
well  under  five  per  cent.  The  origin  of  the  lime  is  from  limestone  (calcium 
caihonate)  and  srypsum  (calcium  sulphate).  Small  amounts  of  lime  may  be 
derived  from  lime-bearinif  silicates  .soMM  Of  which  are  of  common  occurrence 
in  clays.  The  effect  produced  by  the  presence  of  lime  in  clay,  will  depend  on 
the  distribution  of  the  lime  and  the  amount  present.  Concentration  of  lime 
In  concretions  may  produee  eracks  or  flaws  in  clay  wares,  by  absorbing  water 
and  slakinp  after  the  wares  are  burnerl.  In  the  presence  of  iron  these  con- 
cretions may  fuse  and  cause  cavities  or  slaK^y  mas&es  in  the  wares.  The 
same  amount  of  thne,  finely  divided  and  more  uniformly  distributed  through 
the  clay,  would  have  no  detrimental  effect.  However,  since  lime  acts  as  a 
flux,  its  presence  in  appreciable  quantities  tends  to  lower  the  fusion  point  of 
the  day.  For  this  reason  vitriiying  days  or  Are  days  riiould  not  contain 
much  lime.  In  the  presence  of  a  considerable  quantity  of  iron,  the  fluxing 
action  of  lime  may  be  rapid  and  efTective.  With  only  a  small  increase  of 
temperature  above  incipient  fusion,  the  wares  may  be  reduced  to  a  slaggy 
mass.  Lime  in  considerable  quantities  in  a  commonly  red-burning  clay,  may 
al.so  prevent  the  development  of  a  red  color  in  the  ware.  Serious  difficultie 
are  sometimes  encountered  by  the  clayworkers  of  Indiana  in  attempting  to 
OSS  residual  clays  derived  from  limestones  or  glacial  clay.s  containing  lime- 
stOIW  concretions  in  the  manufacture  of  common  brick  and  drain  tile.  If 
the  quantity  of  the  lime  concretions  is  not  large  the  difficulties  may  be  over- 
come by  flne  grinding  and  a  uniform  mix  in  pugging*  but  if  th«  quantity  is 
excessive  it  may  be  necessary  to  abandon  that  part  of  the  clay  pit. 

MoffMBia.  The  source  of  magnesia  in  clay  is  from  magnesian  carbonate, 
from  magnesium  sulphate  and  more  rarely  from  silicates  containing  mag- 
nesium. Dolomite  or  magnesium  is  the  chief  source.  This  mineral  is  a 
calcium-magnesium  carbonate  in  which  one  atom  each  of  calcium  and  mag- 
nesium is  united  with  the  carbonate  radical.  By  the  decomposition  of  pyrite 
In  days,  sulphurie  add  may  be  formed.  The  latter  may  attack  the  mi^nesium 
carbonate  and  form  maj^nesium  siil[)hate.  The  sulphate  is  soluble  in  water 
and  if  the  drainage  of  the  clay  bed  is  perfect,  the  sulphate  will  be  carried 
out  by  dreulating  waters.  If  the  sulphate  is  not  separated  from  the  day, 
it  will  be  broufjht  to  the  suiface  of  the  ware,  either  in  drying?  or  burning  and 
produce  efflorescence.  The  action  of  magnesia  under  heat  is  said  to  cor- 
respond to  tiiat  of  lime,  with  the  exception  that  at  high  tempemtuns  tits 
magnesia  is  not  as  rapid  a  fluxing  agent  as  lime.  The  amount  of  magnesia 
in  the  majority  of  the  clays  u.'^ed  hy  clayworkers  of  Indiana  is  small. 

Alkalies.  The  allcalies  commonly  found  in  clays  are  potash  (KiO)  and 
soda  (NadO).  The  per  emt  of  alkalies  eontiJiMd  in  days  is  generally  small 
and  of  little  influence  in  common  days  but  in  days  used  for  hif^  grade  ware 
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and  tire  clays  even  small  quantities  may  be  very  detrimental.  Alkalies  in 
days  are  commonly  derived  from  a  silicate  mineral,  such  as  feldspar.  The 
compounds  of  potassium  and  sodium  foimc<l  by  the  bit-akinK^  down  of  these 
complex  compounds  are  sulphates,  carbonates  and  chlorides.  These  com- 
pounds being  soluble,  are  removed  from  the  clay  under  perfect  drainage  con- 
ditions. Imperfectly  drained  clay  beds  may  contain  a  consideiable  amount  of 
these  soluble  alkalies.  In  well  drained  clays  the  alkalies  are  contained  in 
silicates  like  feldspars.  The  alkalies  act  as  powerful  fluxes.  They  fuse  at 
low  temperatures;  the  soluble  salts  at  about  red  heat;  the  silicates  at  higher 
temperatures.  The  soda  silicates  fuse  at  lower  temj  i  i  atun'  than  the  pot- 
ash silicates.  The  feldspars  arc  considered  an  aid  to  \  iiitlicaiion  siacu  they 
prodnoe  a  longer  period  between  indpient  fusion  and  complete  vitrification. 
They  are  detrimental  to  a  high  degree  of  refractoriness. 

TitaniwiH  Dioxide.  The  titanium  which  the  ultimate  analysis  of  a  clay 
reveals  is  derived  largely  from  rutile,  TiOi,  and  ilmenite,  (TiFe)O,.  Small 
quantities  of  titanium  will  produce  a  yellow  color  in  kaolin.  In  large  amounts 
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it  will  give  a  bluish  tint  to  hard  bodies.  It  is  thought  also,  to  reduce  the 
refractoriness  of  a  clay.  The  amount  in  Indiana  days  is  generally  too  small 

to  be  detrimental. 

Su'phur  Trioxide,  The  sulphur  which  is  present  in  clay  may  be  derived 
from  a  number  of  sources.   It  may  be  from  organic  matter  in  the  day,  or 

from  gj'psum  or  from  sulphide  of  iron  and  more  rarely  from  other  .sources, 
such  as  soluble  sulphates.  When  iron  pyrites  is  heated  to  a  red  heat  the 
sulphur  is  set  free  and  cniting  with  oxygen,  it  is  expelled  from  the  clay  in 
the  form  of  sulphur  trioxide.  At  a  high  temperature  the  sulphur  tiioxide 
which  is  combined  with  water  and  linio  to  form  gj'psum  is  driven  utf.  The 
effects  of  the  evolution  of  this  gas  is  to  cause  the  ware  to  become  puiou;^,  it" 
not  vitrified,  and  to  cause  the  ware  to  swell,  if  the  outer  surface  of  the  ware 
i?  softened  before  the  ^as  ha-^  all  been  expelled  from  the  iiittrior  of  the 
ware.  Care  in  increase  of  temperature  is  re(|uired  for  the  burning  of  clays 
containing  compounds  likdy  to  produce  sulphur  trioxide. 

Carbon  Dioxide.  The  source  of  carbon  in  clays  is  from  organic  matter, 
calcium  and  magnesium  carbonates.   The  organic  matter  is  consumed  during 
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the  burning  of  the  cluy  nnd  the  carbon,  being  converted  into  carbon  dioxide, 
is  expelled  as  a  eras.  The  ealcium  carbonate  gives  up  its  carbon  dioxide  and 
is  converted  into  (|uicklime  at  about  900  detrm  >  C.  Tlic  ctToct  of  the  ex- 
pulsion of  this  gas  is  to.  make  the  body  of  the  clay  more  porous,  unless  the 
burning  is  carried  to  the  point  of  vitrification.  Swelling  of  the  ware  results 
if  the  temperature  is  not  carried  above  the  900  degree  point  very  gradually. 

Wofer.  The  water  which  exists  in  air  dried  clays  is  either  mechanically 
combined  or  chemically  combined.  The  mechanically  combined  water  is  con- 
verted into  water  vapor  and  expelled  when  the  clay  is  heated  at  a  temperature 

of  lOftT.  Thi  water  must  be  expelled  before  the  clay  ware  i-  ulijfctcd  to 
high  temperature!).  The  sudden  or  rapid  conversion  of  the  water  into  water 
vapor  will  cause  bursting  of  the  clay  wares.  After  expelling  the  water,  the 
clay  wares  should  be  kept  at  a  temperature  of  lOO'C  or  in  a  dry  atmosphere 
until  burned,  to  prevent  reabsorption  of  water.  The  amount  of  mechanically 
comUned  water  is  given  in  the  ultimate  analysis  under  the  head  of  moisture. 
A  part  of  the  chi-mically  combined  water  in  clay  is  combined  with  alumina 
end  silica  lo  foim  kaolinitc.  But  theic  are  other  minerals  containing  water  of 
crystallization,  which  are  of  common  cccurrence  in  clays.    Such,  for  example, 
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as  gypsum  and  limonite.  The  chemically  combined  water  is  usually  driven 
off  at  a  temperature  ranging  from  400'C  to  600*C.  Th^  chemically  com- 
bined water  is  included  under  the  head  of  volatile  matted  in  the  chemical 
anatysia. 

Soluble  SiUts.  Nearly  all  clays  contain  some  soluble  salts  and  the  amount 
is  sometimes  great  enough  to  cause  serious  imperfections  in  the  ware  or  in 

the  ^rlaze.  .Suli)liates  of  calcium,  maKnesiuni,  jjotas-^ium,  sodium  atnl  aluminium 
are  often  present  in  clays  and  may  be  brought  to  the  surface  of  the  ware  in 
drying.  The  ealcium  sulphate  is  often  developed  by  oxidation  of  iron  pyrites 
in  clay  producing  sulphuric  acid  which  in  turn  attacks  the  calcium  carbonate 
and  forms  calcium  sulphat*'.  Chemical  reactions  between  the  fuel  gasas  and 
compounds  clay  may  also  result  in  the  formation  of  soluble  salts. 

Physical  Properties  of  Clay. 

The  physical  properties  of  day  which,  from  the  claywDriwr's  standpoint, 
are  most  valuable  are  plasticity,  strength  and  refractorincis.   Plasticity  en* 


Digitized  by  Google 


640 


Dbpabtmbnt  of  Gonsbsvation 


ables  the  worker  to  fashion  the  clay  into  the  desired  form.  The  strength  of 
th«  ehor  permits  the  clay  waie  to  be  handled  during  the  drying  and  burning 
processos  without  danpor  of  brpakapp.  The  power  of  the  clay  to  withstand 
high  temperatures  permits  it  to  be  burned  to  a  compact,  hard  body  of  perma- 
nent fo«in.  While  llie  properties  mentioned  above  are,  for  the  majority  of 
ware^,  the  most  important  physical  properties,  there  are  other  properties  of 
▼ery  great  importance  in  the  manufacture  of  some  wares.  The  succeeding 
pages  contain  brief  discussions  of  the  following  physical  properties  of  clays; 
Color,  odor,  feel,  taste,  hardness,  porosity,  strurture,  shiinkajfe,  slakinp,  plas- 
ticity, fusibility,  specific  gravity,  fineness  of  grain,  bonding  power  and  tensile 
strengthi 

Cojor.   Tile  color  of  clays  is  an  exceedingly  variable  property.  Many 

shades  and  tints  are  reprosfntc(i.  The  color  may  he  due  to  prr.=pncp  of  organic 
matter  or  to  the  presence  of  minerals  of  iron,  manganese  and  others.  Yellow, 
buff,  red  and  brown  colors  are  generally  due  to  the  presence  of  iron;  pink 
and  purple  to  manKanese  compounds.  Blue  and  slato  colors  may  be  due  to 
the  presence  of  carbonate  of  iron  or  organic  matter  and  black  to  the  latter. 
White  days  are  devoid  of  perceptiUe  coloring  matter,  but  'some  white  days 
have  color  developed  by  boniiBg. 

By  the  color  of  the  raw  clay  it  is  not  possible  to  predict  the  color  of  the 
burned  product  unless  the  nature  of  the  coloring  matter  and  its  amount  are 
known.  Some  white  days  contain  enough  iron  to  produce  a  dark  shade  when 
liuined  in  an  oxidizinp  flame.  Titanium  may  produce  a  purple  tint  when 
burned  at  a  high  temperature.  Some  black  clays  are  found  to  be  very  white 
after  burning.  The  dark  cobring  matter  in  many  clays  is  organic  matter  which 
when  burned  out  leaves  a  white  product.  Some  yellow  or  red  days  containing 
an  excess  of  iron  may  bum  to  an  iron  black. 

The  color  to  which  a  clay  will  burn  often  has  an  important  bearing  on 
ita  value.  A  clay  may  be  of  high  value  as  a  stoneware  clay  because  of 
the  presence  of  coloring  matter  which  would  develop  dark  shade?  or  splotches 
during  burning.  The  most  satisfactory'  test  to  determine  the  color  of  the 
burned  product  is  to  subject  a  sample  of  the  clay  to  the  same  conditions  of 
temperature  to  which  the  proposed  ware  is  to  be  subjected.  The  diades  ct 
the  burned  clay  are  almost  as  variable  as  the  natural  clay. 

The  oxidation  of  iron  omipounds  in  the  day  produces  light  reds,  cherry 
reds,  dark  reds,  chocolates  and  iron  blacks,  the  latter  beinjr  produced  by  an 
excessive  amount  of  iron  or  of  ferrous  iron  due  to  lack  of  oxygen.  Clays  may 
contain  a  slight  per  cent  of  iron  and  still  be  white  or  yellow  in  color.  VitriHed 
wares  contain  iron  .silicates  which  may  impart  a  green,  brown  or  black  color 
to  the  ware.  Spots  on  white,  yellow  or  red  wares  are  often  produced  by 
sprinkling  the  surface  of  the  wet  ware  with  particles  of  iron  or  manganese 
camftnada.  The  oxidation  or  ndnction  of  these  partides  produces  Uack, 
brawn  or  red  specks  on  the  ware. 

The  Indiana  kaolin  is  white  or  stained  yellow,  red,  purple  or  mahogany. 
The  fire  ell^  are  usually  gray  or  bluish  gray.  The  New  Albany  shale  black, 
the  Knobstone  pray  or  bluish-^ray.    The  re.'^idual  clays  usually  yellow  or  red. 

FeeL  Clay  containing  particles  of  sand  is  harsh  ur  K^ritty  to  the  touch. 
The  grit  in  some  days  is  easily  deteeted  bgr  rubbing  the  clay  betwieen  the 
fingers.  In  other  clays  the  grit  can  be  dstectsd  only  by  moistening  the  clay 
between  the  teeth.  Clays  having  a  large  pereantage  of  day  base  are  smooth 
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to  the  touch  or  feel.  Kaolin  is  somewhat  like  aoapstone  to  the  touch  and  it 
is  a  very  common  practice  f6r  people  to  refer  to  an  nnetnoos  day  or  shale 
as  a  soap  stone.  These  clays  may  be  shaved  with  a  knifp  to  a  perfectly  smooth 
surface,  while  a  clay  containing  grit  will  have  minute  pits  on  ita  snrface  where 
the  blade  of  the  knife  has  pulled  out  the  sand  grains.  The  moistened  surface 
of  the  unctuous  clay  feels  smooth  like  soap.  As  a  rule  the  pritty  clays  arc 
least  plastic  and  are  called  "lean"  or  "abort"  clays,  while  the  more  unctuous 
claya  are  mom  pUatie  and  are  called  **tmV  dayi.  Blue  clays  ai«  cominonly 
referred  to  as  soapstone  by  well  drillers  and  white  days  as  cbaHc 

Cfdor.  The  odor  which  emanates  from  the  moistened  surface  of  clay  is  dis- 
tinct and  characteristic.  It  is  the  odor  which  rises  from  a  dusty  road  at  the 
beginning  of  a  thunder  shower,  or  from  a  dusty  floor  when  it  is  bdng  sprinkled. 
A  very  .similar  odoi-  is  piven  from  the  surface  of  some  minerals  when  they 
lire  rubbed  and  they  are  said  to  have  an  argillaceous  odor.  Some  clays  con- 
taining  decaying  organic  matter  have  a  fetid  odor.  Some  very  siHdoas  clays 
contain  such  a  smalt  'amOUnt  of  clay  suh.stnnce  that  the  argillaceous  cxior  is 
not  distinct.  Therefore,  this  property  cannot  be  counted  a  safe  guide  to  the 
amount  of  clay  substance. 

HardneHs.  The  property,  by  virtue  of  which  one  mineral  is  able  to  scratdi 
another  mineral,  is  called  hardness.  Clays  are  soft  rocks.  They  usually  ranfje 
in  the  scale  of  hardness  from  one  to  three.  The  maximum  degree  is  attained 
in  the  dialk-like  kaolin.  This  property  refers  to  the  ease  with  whidi  the  rodi 
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may  be  scratdied.   The  individual  particles  in  a  day  may  be  a  great  deal 

harder  than  the  rock.  For  instance,  the  quartz  grains  would  have  a  hardness 
of  seven,  while  the  feldspar  would  have  a  hardness  of  six.  and  the  kaolinite 
might  vary  in  hardness  from  one  to  three. 

Burnt  clay  has  a  much  higher  degree  of  hardness  than  raw  clay.  Vitri- 
fied clay  products  reach  a  hardness  e<jual  to  that  of  quartz,  which  will  scratch 
glass.  Hardness  is  a  property  very  essential  in  all  clay  wares  which  are  to 
be  subjected  to  abrasion  as  are  paving  bride;  or  to  compreBslon  aa  are  building 
brick;  or  to  chemical  action  and  compression  as  are  sewer  pipe  and  silo  hlockp. 
Many  of  the  vitrified  clay  products  assume  a  hardness  at  which  they  are  un- 
toudied  by  sted. 

Taste.  The  presence  of  certain  soluble  salts  in  clay  may  be  detected  by 
tasting  the  clay.  Common  salt,  alum,  epsom  salts  and  feri-ous  sulphate  are 
not  infrequently  detected  in  this  way.  Clay  prospectors  sometimes  place  clay 
between  the  teeth  in  order  to  determine  its  proportions  of  sandy  matter.  They 
may  also  employ  this  method  to  determine  the  texture  and  degree  of  plasticity, 
a  method  often  referred  to  as  "tasting". 

41— 204142 


Digiiizca  by  CjOO^Ic 


642 


Department  of  Conservation 


SIdkiitf).  The  crumbling  of  a  clay  under  the  action  of  water  termed 
slaking.  When  a  clay  slakes  it  breaks  up  into  small  pigments.  SlaUllg  takes 
pl«ee  wherever  an  a{r>dried  day  surface  is  expoeed  to  the  action  of  water. 
The  site  of  clay  fia^rmonts  or  grains  into  which  the  clay  mass  is  separated 
is  fairly  uniform  for  the  same  clay,  but  varies  greatly  in  diiTerent  clays.  The 
shape  of  liie  ipftrtldea  it  VAriaUe.  Some  are  flat,  some  cubical,  otfiers  irregular. 
As  tlie  particles  of  the  day  separate  they  absorb  water  and  increase  in  size. 

The  speed  of  slakinp  varies  in  rliffoient  clays.  Clays  of  marked  density, 
such  as  shale  and  flint  clays,  slake  very  slowly,  while  the  leaner  surface  clays 
slake  very  rapidly.  Wet  or  puddled  days  do  not  slake  as  rapidy  as  air^ried 

clay  to  which  water  is  suddenly  applied.  The  speed  of  slakinj:  may  he  dctci  - 
mined  by  taking  samples  of  natural  clays  of  equal  size,  placing  them  in  water 
and  observing  the  time  elapsing  until  they  are  eompl^dy  crumbled. 

Clays  used  for  any  purpose  requiring  molding  without  grinding  ought  to 
possess  at  least  a  moderate  slaking  speed.  A  clay  possessing  a  low  slaking 
speed  causes  loss  of  time  when  tempered  either  in  wet  pan  or  pug  mill.  Such 
clays  must  be  pulverized  in  the  disintegrator  and  the  granulator  before  Uiey 
can  be  tempered  and  molded.  Clays  that  have  been  weathered  slake  more 
rapidly  than  when  first  taken  from  the  pit. 

One  method  of  definrmining  the- speed  of  staking  is  to  take  a  ten-gram  cube 
of  thf  clay  as  it  comes  from  the  pit,  dryinp  the  cube  at  lOO'C  and  then  sub- 
merging it  in  water.  The  time  required  for  the  cube  to  completely  disintegrate 
was  then  noted.  In  order  to  make  sure  that  the  cone  of  separated  particles 
did  not  contain  an  unslaked  core  a  needle  point  is  thrust  into  the  mass  as  soon 
as  the  slaking  movement  has  apparently  ceased.  The  slaking  is  generally 
complete  by  the  time  the  last  air  buMtes  rise  to  tiie  mufaee  of  flie  water. 

Specific  Gravitjf.  The  specific  gravity  of  a  day  is  its  weight  compared 
with  the  weij^ht  of  an  equal  volume  of  distilled  water  at  fiOT.  The  specific 
gravity  of  a  solid  substance  may  be  obtained  by  weighing  it  first  in  air  and 
then  in  water  and  dividing  its  weight  in  air  by  its  loss  of  wdght  in  water. 
The  specific  RTavity  of  clays  usually  varies  from  1.60  to  2.50,  that  is,  from 
one  and  a  half  to  two  and  a  half  times  the  weight  of  an  equal  volume  of 
water,  but  there  are  some  days  whose  specific  gravity  is  lower  and  others 
whose  specific  fjravity  is  higher  than  these  limits.  Pure  kaolin  has  a  speeMc 
gravity  of  from  2  to  2.5.  Pure  quartz  sand  has  a  .specific  gravity  of  from  2.6 
to  2.8.  Where  day  is  largely  a  mixture  of  varying;  proportions  of  these  two 
minerab,  its  specific  gravity  is  not  far  from  2.5.  Clays  containing  in  addition 
to  these  minerals,  mica  and  limonite  are  slightly  heavier.  The  presence  of 
magnetite,  however,  may  greatly  increase  the  specific  gravity,  while  on  the 
other  hand  the  presence  of  organic  matter  may  decrease  it.  * 

Methods  of  determining  specific  gravity  of  clays  by  investisrators  are  not 
uniform  and  different  methods  may  produce  different  results  with  the  same 
day.  By  the  use  of  the  pycnometer  the  specific  gravity  of  the  individual  gruns 
is  determined  and  taken  ;is  the  specific  tjiavity  of  lumps  of  clay  which  have 
been  coated  with  paraffin  to  prevent  absorption  of  water  is  determined.  This 
method  considers  the  pore  space  a  part  of  the  day.  The  spedflc  gravity  of 
any  clay  is  less  by  the  latter  method. 

Poros'itij.  A  porous  clay  is  one  which  contains  considerable  space  not 
occupied  by  clay  particles.  This  unoccupied  space  is  called  pore  space  and 
its  volume  depends  upon  the  sise  and  shape  of  the  day  partides.  The  maxi- 
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mum  volume  of  pore  space  would  be  attained  in  a  clay  containing  spherical 
tenina  of  equal  she,  Init  sinee  the  ihape  end  eiie  of  day  grains  are  extremely 

variable  this  maximum  volume  is  rarely,  if  ever,  attained.  The  iiuartz  fjrains 
in  clay  are  usually  well-rounded,  water  worn  particles.  The  mica  grains  are 
little  flat  crystals  with  irr^lar  borden.  The  feldspar  «rraiiu  are  either  more 
or  less  rounded  or  im^vlar.  The  kaolinite  crystals  are  flat  with  irregular 
edges.  The  grains  are  in  contact  only  at  certain  points  and  thus  leaving  spaces 
between  the  particles.  These  spaces  or  pores  are  in  connection  with  other 
pores  and  long  chains  of  such  connections  foitn  irregular  tubes.  These  tubes 
ore  of  ciipillary  si-e  aiul  the  water  within  the  day  passes  through  them  under 
the  influence  of  capillury  attraction. 

FOrodty  is  an  important  property  in  days.  The  amount  of  water  required 
for  tempering  the  clay  depends  in  a  measure  upon  its  porosity.  The  air 
shrinkage  of  the  clay  is  brought  about  by  the  loss  of  this  water.  The  speed 
of  tampnrlng  and  the  speed  of  drjring  both  depend  upon  porosity.  The  larger 
the  pores  the  more  readily  water  is  taken  i<p  and  given  off. 

Stn(rfiire.  The  structure  of  a  clay  refers  to  its  mode  of  occurrence  in 
the  outcrop  or  pit.  A  stratified  clay  i.s  one  w^hich  occurs  in  layered.  A  massive 
day  is  one  in  which  no  division  planes  are  visible.  A  clay  which  splits  readily 
into  thin  leaves  or  irre^lar  blocks  is  said  to  bo  shaly.  If  the  loaves  arc  .'^mall, 
thin  and  light,  the  term  "chatTy"  is  applied  to  it.  If  in  large  thin  sheets  it 
is  called  sheety.  A  slaty  clay  is  one  in  whidi  the  laminae  have  undergone  a 
con.^iderable  degree  of  induration.  Instead  of  occurring  in  layers  some  clays 
are  found  in  concretionary  or  pebbly  masses.  Joint  clays  are  those  which 
are  separated  into  stmiewhat  regular  blocks  by  vertical  crevices.  This  structure 
is  an  aid  to  the  mining  of  many  days.  The  variou.s  .structures  in  clay  are  the 
result  of  deposition,  compression,  shrinkage  and  induration.  In  the  process  of 
weathering  they  are  obliterated,  and  the  rapidity  of  such  weathering  action  is 
often  dependent  upon  the  structure  of  tlM  day.  The  speed  with  which  a  min- 
eral producing  soluble  salts  can  bo  removed  by  weatherinpr  will  depend  upon  the 
structure  of  the  clay.  In  uxier  that  clay  may  be  u-sed  in  the  formation  of 
day  wares,  it  must  be  reduced  to  a  structureless  mass.  For  this  purpose  It 
is  nece.ssary  to  employ  disintegratinic  or  pulverizing  machinery.  The  expense 
of  this  process  will  be  determined  by  the  degree  of  induration  which  hu^i  taken 
place  in  the  day  structure. 

Sliriiiknge.  The  amount  which  a  clay  contracts  in  passing  from  a  plastic 
condition  to  th»t  cf  a  rigid  solid  is  termed  its  shrinkage.  The  water  which 
is  added  to  the  clay  in  order  to  render  it  plastic  is  lost  by  evaporation,  causing 
a  loss  of  volume.  The  loss  of  volume  or  shrinkage  varies  greatly  in  different 
clays  and  with  different  conditions  of  the  same  cluy.  Wator  added  in  excess 
of  the  amount  required  for  plasticity  will  cause  a  greater  loss  of  volume,  as 
will  also  the  presence  of  air  bodies  in  the  clay.  Considerable  water  may  exist 
in  the  clay  without  increasin^r  its  volume,  but  whenever  the  particles  of  clay 
are  completely  enveloped  in  water  the  volume  and  the  plasticity  will  be  in- 
creased. Water  absorbed  by  a  day  exists  dther  interstitial,  that  is,  in  the 
pores,  or  interparticlo,  that  is.  not  occupying!  the  pores  but  separating  the 
particles.  It  is  the  latter  which  increases  the  volume  of  a  clay.  Clays  of 
coarse  grain  have  large  interstices  and  contain  large  quantitiea  of  interstitial 
water,  but  less  interparticle  water  than  clays  of  finer  grain*  therefore,  the 
fine  grained  clays  shrink  more  than  the  coarse  grained. 
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Air  Shrbtkage.  The  amount  of  contraction  which  a  clay  undetKocs  when 
drying  in  ^  air  Is  ealled  Its  air  dtrtakafe.  TIm  amount  of  air  shrinkace 
depends  mainly  upon  two  factors:  First,  the  amoant  of  water  alMoriied»  and 
second,  the  size  of  the  grain  of  the  clay. 

A  number  of  methods  of  preventing  exeesaive  ahrinlmge  is  employed. 
The  method  more  ppncnilly  in  use  is  that  of  mixing  a  sandy  clay  with  the 
more  plastic  clay.  Under  ordinary  conditions  this  is  the  most  economical 
method  Imt  it  cannot  be  employed  for  all  wares.  Pure  sand  and  burned  clay 
are  used  to  decrease  shrinkage;  the  use  of  the  latter  may  extend  to  more  wares 
than  the  former. 

Fire  Shiinkatfe.  The  loss  of  volume  which  a  clay  sustains  in  passing 
from  the  raw  to  the  burned  condition  is  termed  Its  Are  shrinlmge.   In  the 

first  stajres  of  burninR,  the  clay  loses  its;  chemically  combined  water  and  the 
organic  matter  in  the  clay  is  consumed,  causing  the  porosity  of  the  clay  to 
increase.  But  when  the  temperature  is  raised  sulllciently  high  the  clay  gtains 
soften  and  run  together,  destroying  the  pores  and  causing  a  loss  of  volume. 
Sandy  clays  not  burned  to  the  point  of  vitrification  may  not  exhibit  any  Are 
shrinkage.  Clays  containing  a  high  percentage  of  organic  matter  where  sub- 
jected to  a  rapidly  increasing  tcmpernture  may  become  viscous  on  the  outside, 
thus  preventinp  the  escape  of  hydrocarbon*  formed  by  the  distillation  of 
organic  matter  and  therefore  cuu^^^e  ihe  ware  to  increase  slightly  in  volume. 
A  lew  lire  shrinkage  is  very  desirable  in  many  clay  wares.  In  order  to 
secure  the  requisite  minimum  shrinkage  it  is  neoessary  frequently  fOT  the 
clayworkcr  to  use  a  mixture  of  clays  or  grog. 

Fmenmui  of  Grain.  Clay  is  a  mechanical  mixture  of  mineral  particles. 
These  particles  vary  in  size  from  those  which  are  easily  detected  by  the  un- 
aided eye  to  those  which  may  be  seen  only  by  the  use  of  a  powerful  microscope. 
The  mechanical  analysis  of  a  clay  consists  in  the  separation  of  these  particles 
into  various  groups.  But  because  of  the  extreme  degrree  of  gradation  in  the 
f  ize  of  the  particles  a  complete  separation  is  not  possible.  Fortunately  it  is 
not  essential  for  the  purposes  of  the  clayworker.  Clay  grains  are  very  small 
and  in  the  separation  of  rock  particles  in  mechanical  analysis  anything  having 
a  diameter  of  .001  mm.  or  loss  is  cla.sscd  as  clay.  In  making:  a  mechanical 
analysis  of  clay,  sieves  of  from  200  to  250  meshes  to  the  inch  are  used  for 
tlie  coarser  partides  and  silk  lawn  and  the  elutriator  method  for  the  finer 
particles.  The  larjrer  peicentajjcs  of  fine  clay  grains  aie  found  amonn  the 
days  underlying  the  coals  in  Indiana  and  the  larger  percentages  of  coarse 
grains  among  the  residual  days. 

Pbutieity.  A  day  is  plastic  when  it  can  be  easily  fashioned  by  the  hands 
into  a  desired  form  and  when  it  has  the  property  of  retaining  that  form  when 
so  fashioned.  Dry  clay  of  any  kind  is  devoid  of  this  property.  In  order  that 
a  clay  may  become  plastic  it  must  be  mixed  with  a  certain  amount  of  water. 
The  quantity  of  water  neccssai->'  foi  plasticity  varies  with  the  physical  con- 
dition of  the  clay.  Not  all  clays  become  plastic  when  mixed  with  water.  The 
white  kaolin  of  Indiana  is  non-plastic  This  fact  leads  to  the  eondurion  Hiat 
some  clays  possess  inherent  properties  which  render  them  plastic  upon  the 
addition  of  a  certain  proportion  of  water  but  that  all  clays  do  not  possess 
such  properties.  Experience  demonstrates  that  plasticity  is  the  result  of  a 
combination  of  conditions  rather  than  the  result  of  a  single  physical  factor. 
The  factors  which  seem  to  have  the  greatest  influence  up<m  the  plasticity  of  a 
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day  are  the  presence  of  colloidal  matter  and  hneness  of  grain.  It  haa  been 
dononstnted  1>y  varitnis  experimoitB  that  when  colloidal  mbstanees  are  added 

to  clay  the  plasticity  of  the  clay  is  increased  It  is  also  a  well  known  fact 
that  when  a  plastic  clay  is  aobjected  to  temperatures  sufficiently  high  to  de- 
stroy the  colloidal  nature  of  sutwtaneM  the  eUty  is  no  longer  plastic.  It  has 
been  demonstrated  further  that  the  reduction  in  the  size  of  the  grain  of 
clays  has  increasoH  their  plasticity.  But  non-plastic  substances  cannot  be 
rendered  as  plastic  as  clay  by  reduction  in  size  of  grain.  Other  factors  which  are 
thought  to  influence  the  plasticity  of  clay  are  the  fmsence  of  combined  water 
and  the  presence  of  flat  and  interlocking,'  crystals. 

Bmding  Power.  The  bonding  power  of  a  day  is  its  power  to  ho^  together 
particles  of  nomplastic  materials.  The  bonding  power  of  a  cl«7  is  dependmt 
in  a  meaifure  upon  the  amount  of  clay  substance  which  the  clay  contains.  It 
also  depends  on  the  size  of  the  grains  of  the  inert  matter  added  to  the  day. 
To  illustrate,  a  larger  amount  of  finely-divided  sand  may  be  added  to  a  clay 
without  decreasiiv  its  bonding  power  than  «i  eoarse  sand.  It  is  often  neces- 
sary in  order  to  secure  the  proper  shrinkafire  and  drying  capacity  in  a  clay 
ware,  to  use  a  mixture  of  two  clays  or  to  add  sand  or  grog  to  the  clay. 
The  qnantity  of  the  inert  matter  which  may  be  added  without  seriously  im- 
pairing the  strength  of  the  ware  will  depend  on  the  bonding  power  of  the 
clay.  Bonding  power  is  a  very  essential  property  to  practically  all  clay  used 
for  ceramic  purposes. 

Tsnn'/c  Strength.  The  amount  of  resistance  which  *  day  offers  to  pull 
is  termed  its  tensile  strength.  Wet  clays  possess  this  property  to  a  slight 
degree;  dry  clays  to  a  greater  degree  and  burned  clays  to  a  still  higher  degree. 
Were  it  not  for  this  property  it  would  be  impossible  to  handle  clay  wares  be- 
cause of  the  ease  with  which  they  would  be  cracked  or  broken.  The  tensile 
strength  of  a  clay  is  not  due  to  any  chemical  change,  but  to  the  physical 
cohesion  of  its  partides.  It  was  formerly  thought  that  the  tensile  strengUi 
of  a  clay  was  a  safe  guide  to  the  degree  of  plasticity  but  it  is  no  longer  so 
considered  for  the  reason  that  many  very  plastic  days  have  been  found  to 
have  a  very  low  tensile  strength. 

In  the  preparation  of  clays  for  the  tensile  strength  test,  the  day  is 
crushed  to  a  powder  which  will  pass  a  100  mesh  sieve.  The  powdered  day  is 
mixed  with  snflldent  water  to  render  it  plastic.  It  Is  then  wedged  into  blocks 
about  three  inches  long  by  one  and  one-half  in  ci-oss-section.  These  blocks  are 
then  damped  in  between  the  halves  of  a  cement  mold,  the  clamps  closed  and 
the  day  pressed  down  on  the  sides  until  it  completely  fills  the  mold.  The 
surplus  clay  is  then  stroked  off  with  a  putty  knife,  the  surface  of  which  has 
been  moistened.  The  brickettes  are  then  removed  from  the  mold  and  placed 
on  edge.  After  drying  in  the  air  they  are  placed  in  a  desiccating  oven  and 
subjected  to  a  temperature  of  lOO'C  to  remove  the  hydroscopic  moisture. 

The  brickettes  are  trstod  by  tbf  use  of  a  Fairbanks  cement  testing  ma- 
chine. The  brickettes  are  placed  in  the  clips  of  the  machine  and  subjected  to 
a  gradually  increasing  tmsion.  The  increase  of  tension  Is  secured  by  tiie 
weight  of  shot  discharging  into  the  pail  on  the  lever  arm.  At  the  moment 
of  breaking  the  discharge  of  shot  is  stopped  automatically.  If  the  brickettes 
have  undergone  much  shrinkage  they  will  not  fit  tiie  clips  of  the  madiine 
and  it  will  be  nMSSsary  tn  t>ush  them.  This  may  be  done  by  placing  Card- 
board or  blotting  paper  between  the  dip  and  the  brickette. 
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The  tensile  strength  i»  expresaed  in  pounds  per  square  inch  of  the  cron- 

section  of  the  brickette  and  the  shrinkaKe  must  be  calculated  and  taken  into 
account  in  estimating  the  tensile  strength  of  the  clay.  The  average  of  half  a 
doMD  test!  dioold  be  taken. 

FunhUUy,   Matter  may  exist  in  three  states,  vis.,  solid,  liquid  or  gas. 

Water,  for  example,  at  ordinary  temperatures  exists  as  a  liquid.  At  sliRhtly 
lower  temperatures  it  becomes  a  solid.  At  higher  temperatureji  it  assumes  the 
fonii  of  a  gas.  When  in  the  solid  state,  if  beat  be  applied,  the  solid  becomes 
u  liquid.  Thi.s  transformation  is  termed  fusion.  The  temperature  at  which 
the  solid  becomes  liquid  is  called  the  fusion  point  of  that  substance.  The 
fusion  point  of  any  substance  is  controlled  by  pressure.  All  solids,  having  a 
definite  cKemical  composition  under  a  fixed  pressure,  fuse  at  a  certain  definite 
temperature.   This  definite  temperature  is  called  the  fusion  point. 

Ordinary  clays,  however,  are  not  definite  chemical  compounds.  Clays 
ai«  composed  of  a  variety  of  minerals,  each  having  a  definite  chemical  eora* 
position  and  a  definite  point  of  fusion.  When  heal  is  applied  to  this  apj?rejrate 
of  minerals,  the  one  having  the  lowest  fusion  point  will  be  the  first  to  fuse. 
The  molten  matter  which  is  free  to  combine  may  unite  with  soane  other  mineral 
or  minerals  in  the  clny  and  form  a  compound  havinp  a  lower  fusion  point 
than  the  original  compounds.  These  when  molten  may  act  as  fluxes  for  other 
minerals  and  the  whole  elay  be  reduced  to  a  molten  condition  at  a  temperature 
considerably  lower  than  the  fusion  point  of  its  most  refractory  constituent.*. 
The  change  from  the  solid  to  the  liquid  involves  the  consumption  of  heat  in 
raising  the  temperatures  to  the  fusion  point.  Some  heat  is  consumed  as 
latent  heat,  some  in  chemical  reactions. 

Three  stages  are  usually  recognized  in  the  fusion  of  a  clay,  namely,  in* 
cipient  fusion,  vitrilteation  and  idseosity.  In  the  first  stage  the  more  fusiUe 
particles  become  soft  and  ttpon  cooling  cement  together  the  more  refractory 
particles,  forming  a  hard  mas«.  In  the  second  stage  the  clay  particles  become 
i-oft  enough  to  clo.sc  up  all  of  the  pore  spaces  so  that  further  shrinkage  is 
impossible.  When  the  mass  becomes  cool  it  forms  a  dense  solid  body  which 
i.s  (riassy  on  a  fractured  surface.  In  the  third  stage,  the  day  body  becotncs 
so  soft  tui  to  no  longer  retain  its  shape  and  flows. 

The  fusibility  of  a  elay  depoids  upon  a  number  of  factora  bvt  the  most 
important  ones,  are  the-  amount  and  kinds  of  fluxing  impurities  in  the  day 
and  the  fineness  of  grain. 

For  determining  the  temperature  of  kilns  and  furnaces  and  the  fusion 
points  of  (lifTerent  substances,  pyrometers  of  various  kinds  ate  used.  One  of 
these  is  the  thermo-electric  couple  which  generates  an  electric  current  when 
heated.  The  Intensity  of  the  cttirmt  inerMses  with  tiie  temperature.  The 
current  is  measured  by  means  of  a  galvanometer.  The  thermopile  consists 
of  a  platinum  wire  and  a  wire  compo.sed  of  ninety  per  cent  platinum  and  toi 
per  cent  rhodium.  The  wires,  protected  by  clay  tubes,  are  inserted  into  the 
furnace  usually  through  a  small  opening  in  the  door. 

The  fusibility  of  clays  is  also  determined  by  the  use  of  Seger  cones. 
These  cones  arc  made  of  a  mixture  of  substances  of  known  fusibility.  The 
cones,  together  with  the  day  to  be  tested,  are  placed  in  a  ftimaee  or  oven  and 
heat  applied.  The  cone  which  loses  its  -^hape  at  the  moment  the  clay  cone 
does  determines  the  fusion  point  of  the  clay.    The  cones  are  numbered  from 


022  to  86.  The  former  fuaea  at  IfiH'F,  590*C  and  the  latter  at  S,a22*F  or 


l,8G0*a 
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Many  potters  use  test  pieces  of  the  same  composition  as  the  horly  of  tho 
ware.  The  test  piccci^  ure  made  of  the  same  thickness  as  the  ware  und  pitrced 
with  holes  for  the  insertion  of  hooks  when  it  is  desired  to  withdraw  them  from 
the  kiln.  They  arp  placH  near  the  outer  portion  of  the  kiln  and  also  in  the 
interior.  From  time  to  time  after  a  definite  period  of  firing,  a  test  piece  is 
withdrawn  and  its  hardnen  tested.  Whenever  the  test  piece  reaches  the  de- 
gree of  hardness  desired  for  tho  ware  the  firing  rrasps.  Tn  u  jfood  many  pot> 
terics  the  test  pieces  used  are  the  sections  of  either  round  or  square  tabes. 
On  one  side  «f  the  tube  is  placed  a  small  amount  of  low  Aising  day  and  on 
the  other  some  feldspar  or  other  substance  of  about  the  same  fusibility.  As 
the  fusion  point  of  these  substances  are  known  some  idea  of  the  temperature 
of  the  kiln  at  Afferent  stages  of  the  tiring  may  be  obtained.  The  tubes  also 
enable  the  potter  to  judge  of  the  progress  of  th«  tiring  by  the  degree  of  hard- 
nen exhibited. 


No  deposits  of  day  of  primary  origin,  that  ts  derived  directly  from  the 

decomposition  of  feld.spathic  rocks  in  place,  occur  in  Indiana.  The  clays  of 
the  State  are  of  secondary  origin  that  is  derived  from  rocks  of  secondary 
origin,  such  as  shales,  argillaceous  sandstones  and  diales. 

Shatn.  Shales  are  daysi  whidi  have  been  subjected  to  compression  and  to 
a  certain  doprre  of  indiiiation.  They  arc  not  adapted  to  all  ceramic  uses  and 
are  adaptable  to  some  uses  for  which  clays  are  not  suited.  The  shales  of 
Indiana  are  adapted  to  the  manufacture  of  common  and  front  brick  and  with 
proper  selection  and  admixing  to  sewer  pipe  and  drain  tile. 

Knobiftone  Shnlrs.  Thr  Kiiobstone  shales  of  the  Mississippian  period  have 
been  utilized  for  the  manufacture  of  common  and  front  building  brick,  paving 
blocks  and  wall  and  drainage  tile.  Plants  utilizing  the  Knobetone  shale  in 
the  manufacture  of  ceramic  products  are  located  at  New  Albany,  Martinsville, 
Brooklyn  and  Crawfordsville.  A  plant  to  be  establi.shed  at  Bloomington  will 
use  these  shales. 

Foi-  the  he<i  rc'iilts  mixtures  of  two  to  throe  of  sandy  and  aluminous 
varieties  of  shale  are  used  at  Brooklyn  and  Martinsville.  For  the  outcrop 
of  these  and  the  following  shales  see  the  accompanying  map. 

Cheater  ShfiJen.  The  upper  portion  of  the  Mississippian  in  Indiana  eon- 
tains  a  number  of  important  shale  horizon.s,  the  Brandy  Run,  thf  Khvron, 
the  Indian  Springsi  are  the  chief  horizons.  These  shales  are  serviceable  in 
the  manufacture  of  clay  products,  such  as  stonewaie,  paving  bridi,  sewer 
pipe,  drain  tile,  terra  cotta,  common  and  front  bride.  Chester  days  are  being 
used  for  ceramic  purposes  on  the  State  Farm  near  Putnamville. 

Peniuyfwraja  ShaUe.  The  formations  of  the  Pennsylvanian  period  in 
Indiana  consists  of  a  series  of  sandstones,  shales,  coals,  fire  clays  and  lime- 
stones. The  shale  in  many  part.s  of  the  area  occupied  by  the  outcrop  of  these 
formations  are  suitable  for  ceramic  products.  These  may  be  used  in  the 
manufacture  of  tile,  paving  and  building  brick  and  sewer  pipe.  Ceramic  plants 
usin^  the.sc  shales  are  located  at  Evansville,  East  Montesumu,  BraiU,  CayugB, 
Newport,  Hillsdale  and  Terre  Haute  and  other  places. 

Cbiys.  Th«  days  underlying  the  coal  beds  in  the  arm  «f  the  Pennsyl- 
Tsnian  rodcs  are  used  in  a  number  of  oeraraic  plants.  They  an  used  alone 
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or  mixed  with  shales.  The  clays  ait;  used  in  the  manufacture  of  sewer  pipe, 
holknr  Uo«k8»  oondultfl,  stone  pmnps,  fire  proofing,  drain  tile,  wall  oopinf^,  col* 
vert  pip*,  flue  linings. 

Pleuttocene  Clay$.  Glacial  clays  are  used  throughout  the  glaciated  area 
of  the  State  in  the  manufacture  of  common  brick  and  drain  tile.  The  clay 
usuully  consists  of  a  top  yellow  sandy  clay  and  an  underljring  tough  bluish 
clay.  The  latter  in  some  places  attains  •  thickness  of  more  than  one  hundred 

feet. 

R^riiual  CZoy.  Restdval  clays  are  used  in  a  nwnber  of  ooimties  in  the 
non-fl^adated  region  in  the  manufacture  of  common  brick  and  drain  tile. 

BLACK  SHALE  OR  GENESEE  SHALE  (DEVONIAN). 
Analyses  of  Shale  taken  from  diffei-ent  localities  near  New  Albany. 

!.• 

Water  expelled  at  lOO'C   0.50 

Volatile  organic  matters  14 . 16 

Fixed  carbon  9.80  - 

Silica    50.53 

*Pyritic  iron  and  alumina  25.30 

Caldnm  oxide    0.09 

Ifagnesium  oxide   0.12 


100.00 

11 

Water  expelled  at  100°C,  during  4  hours   0.56 

Volatile  organic  matters  ^^'^^l  no 

Fixed  organic  matter.^   9.30/^^-®" 

Silicates  insoluble  in  UCl  66.43 

Ferric  oxide   8.S2 

Calcium  oxide   0.09 

Hagneisum  oxide   0.12 

Sulphur   2.08 


100.00 


*The  amount  of  pyrlte  md  alumina  dianges  eondderably  in  dilCerent 
layers.    This  piece  had  10.867  per  cent  iron  pyrlte  and  14.988  per  eent 

alumina. 
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THE  CERAMIC  INDUSTRY  BY  COUNTIES. 

Adamb  Coi  xtt 


Nam*  tt  Finn  or 
IndividMl 

Capital 
Invwud 

Kiad  ol  Product 

SywUmU  Dryug 

J.  H.ElK-k 

Maiiuvl  Nsyer  

Decatur 

MM 

no.ooo 
n.mo 

fi.OOO 
fa. 000 
7.MW 

Dr»i».tUi>MdlMiUd- 

inf  tilr 
DrB»  tiln,  hollow 

fanildiu  blacks  

Bciek  

Air. 

SUMBaad  »tti>u- hrut . 

DecaUr  

Biteli    

AlLI\  Cot  NTT. 


FWft  WajTM  Bfkik  Od.  . . 

MorlWinc  Brick  Co 
WooillMini  Till-  A  Brick 

Co 

WnllrnTil.-A  Millin«C« 
Win  Millrr 

J.  P.  Aunpoch  it  tjoB  

Jr>hn  C  Bnum  

Chiui  W.  UMlftOo.,.. 
J.  A.  KMhltr  


FofiWaiTM. 
FortWasTM. 

Wooilliuni 

K<irt  Wii>  n<- 
Kditerton . . 
Fort  Wayne. 
Fort  WayM 
FonWayM. 


MM 

1«M 


m.wo 
tt.aM 

18. goo 


Solid    and  hollow 
baUdtacbnek.... 
B^3S«btwk  


DniiBUI«,faiiekaad 
Mopfca  

KtiiUnl  to  riTxict  in  191M 
K;iili'il  to  rnxirl  m  IVl'J 
Fttilml  to  report  in  ISIM. 
Failed  to  reinrt  ia  IDIS. 
Faikxl  to  raport  ia  1919. 
FaiM  to  npoit  ia  MM. 


Hot  air. 
Airdiytafr 

AirdiyfaK. 


D.OIidi. 


timith  A  Hindcnna 

W.  H.  Hmith  

F.J.  Cramp  

Joha  C.  BurM  

K   I)  Stam 
Miller  A-  Hominncr 


iw  GacmT. 


189S 


tn,i 


Columbun 
C^lumbtu 

Columbua  '  Out  of 
EliiabcthtowB  I  Failed  to  nport  ia  MM. 
Nmr  Hope .  Failed  to  r^>rt  ia  MM. 
llopp   I  Failol  to  ri'iMirl 


Ofaiatila. 

Bfiek  


Crco.  H.  I>aum  I  Columbus  I  Failed  Ki  report 


Eihaoat  •team,  Uva 

MaamMaicht. 
Opaiair. 


OuUNfff . 


J.  4c  F.  Fowler   ^rv^l.■rto^« 

Radkey  BriekATileCo  I  lUuh 
J.J.Hollam   EariPatk. 


Fuilvd  to  report  in  1919. 
Failed  to  report  ia  1919. 
VWIad  lo  nport  ia  MM. 
lUMtonpnrtiaMI*. 


Bucuoap  Cocmr 


Clark  CrooiBeor. 


Hartford  City  I  Failed  to  n-purt  ia  Mlt. 


OuVMfl. 


Quicks  A  Allen 
J.  A.  Banxrit 
Ketaey  Brtm. 
LeboiMMi  Brick  V  nrkn 
Wicker  Brae. 
Baundeni  A  Robin  «■« 


EjMclewood 

I.eb«uiua 

Hwlrig 

Norl  h«u«t  ol 


tl.SOO  I  Drain  iil«. 
tJut  ol  twaineaB. 
Foiled  to  report  ia  1919. 
Failed  to  npofi  ia  MM. 
Failed  to  rapoitia  MM. 


Airi 


Fiulixl  to  report  in  I!>19, 


Cmmu  OuUMII. 


H.  H. 


Faited  to  report  in  1919. 
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Cam  Omtmct. 


Nanir  ill  Firm  or 
Iiuliviilual 

Locntioa 

tiOM 

Ca(>itiil 
lBveM«d 

KimlolPradiMt 

ByalMaaf  Dryiv 

JateB.BMMi*8aH.. 

ViBadtonpsrtinlMI. 

Clank  Corwrr. 

JaffOTmviUa  Brink  Co.. 

JaSMMBViU*. . 

OwtrthiMiMW 

Ay«r>  UeCant-RMtcoi) 

CtayCompiUMr   BniiJ 

Anenoan  Vitrinad  Pro-  | 


docla  Co.  .  .    Braail 


Hydraatic  Pnam  Brick 

CompaDy  

CUy  ProducUConipnay 

Chicaco  Sewer  Pipe  Co. 

Clyde  UiiffiUi  

~     *  ol  Nail  Hn 


Brusil 
Bmsil 


Bniiil 
Clay  City 
Biwrfix  -  >  • 


Indiana  Block  Coal  Co   '  Sniiiw  City 

BnuilCUvCo   Braiil 

EswUor  Clay  Works  Bruil 
Modm  Concrata  Work*  i  CIny  City 
SlMridM  Briek  Worka  .  I  Braxil 
Cby  City  Brigk  ft  Cby  | 

Co    Clay  Cily 

Oeo.  J.  Kijter  C'lay  City 


CL,^r  Covsrr. 


IBIO 


\m 

UM 
MM 

1915 


•48.000 


300.000 
1,700,000 


IW.OOO 
S.O00 


8ik>aDd  liuildiaglilr  !  Sttiain. 
iipe.Bik>bkiclu. 


Face  brick,  ailo  til«. . 

BMg.  tUc.  ailo  Ule, 
Ebe.  coadaitB  and 
■Iwbbldg.  tile,  . 

Sawtr  pipe  ud  wall 


Btonowafv. 


330,000 
Failed  to  report  in  I91P, 
Knilnl  to  report  in  IBM. 

Ksilwl  to  n?port  in  I9t9. 

FaiU-<l  to  r«-p(irt  in  tlilW. 
Kailml  to  report  in  1910. 


Conduit  iiitoe  and  hol- 
low bldg.  tile.  ... 

Rnw  cl«y  

Face  brick   


WMtekaa*. 


diytr. 
Natotal. 


Exhauxt  Mteain. 
Waste  atctim. 


OUMIOW  CWMT, 


CMfu  Drain  Tile  Co 
J.  B.  liowdtin 
B.  F.  Alter*  .Son 
Fnakiort  Brick  aad  Coo- 

•bMtioaCo  

M.I.LMDrBiaTiliBCu 


m.SBO    DrMtila   Steam 


Out  ol  buMmm. 
Failed  to  neport  in  IMP. 


Comm. 


WMhiwtm. 
WaahiagMi. 


1U6  I  110.060  I  a 
FaiMtonpartknlO. 
FkiMtonporttoUn. 
FkiMtonpartklllO, 


I  brisk. 


L>EAH»OHN    C  <  t  STT. 


-\urorn  IJrirk  Works 
.Socr  IHnio 

Mitchell  Brick  Co  . 

.Aurora 

lji\k  riTn-i'l  I' 
Lawreoccburg 

I'ln  1     t\».nn)  1  Commoibriek   Sw. 

itM'i                   roiuMmbMg.  brick  1  8im. 

Failed  to  re|»rt  in  I6l». 

Daaavm  Ooomr. 

Ow.S.IittaU  

OrMOalNtri... 
Spriag  Hill. . . 

Fulled  tolipartiBniO. 
Failed  to  nport  in  IWO. 

L.A.T«iMM  
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Obkmb  Ootrmr. 


Nttiiii-  II*  Firm  or 
Individiul 

1^.. 

BeRU  Cupitul 
C)pcr»-  1  InvcHtwl 
tionn  1 

Kind  of  Ptwiurt 

Sxntem  of  Dryinu 

Hvnnan  GnMCop  

Blun  A  Soa 
W.  B  Miller 
GroK  Bra*. 
FredT Graacop 

AlUMia 
Moon* 
Auburn  . 
Auburn. . 
Garrett 

Failotl  to  report  in  1919. 
KaiM  to  report  in  1«19. 
<  )u  (  o(  bui<inw , 
KaiUxi  to  report  in  1919. 
Fuilwl  to  report  in  1919. 

DauvAM  OovMir. 

Gin  CUy  Pintfry  Co 

Munrie   

1«  IISO.OOO 

Clay  pots  tor  ti*M» 

D.  Mock 

Brick  Cominay  I 


OntoCtMMii 
FUlad  to  nport  ia  1919. 
FWMtomMrtiBmt. 


DtrBon  Corwrr. 


I 'hi  Pottery  Co  

Hintimbius  . 

i«n 

IM.OOU 

SiaoewiwwaiKlflaww 

fltMahMt. 

HunlinclMtrg  PvHMd 

l»to  

BriakCanpMqr  

ISM 

».M0 

^Wek.....T^ 

Juntirc  fwlialad  hml 

dryer. 

W  111   1  i.ki-meyer 

HunttriKtiurK 

haiU-.!  (o  roixirt  in  1919. 

Bocktins  Urm.  ... 

UunUDcburK 

Fmiled  to  rvfiort  in  191V. 

Eixmat  Oocirrr. 


0<«hM  Brick  Co  

ElUwft  Brink  Co  

JohaCBMi  

OoalMO  

ElUutt  

EUchmrt  

Fniled  to  report  in  1919. 
Failad  to  report  ia  1919. 
FulRltonvart. 
fWMtonvoit. 

,                                             FAinrTK  CocMTT. 

Mi  1     |«I.On  I  DniBtib   Sltm. 

FdlMllo  nport  la  IMt. 

FUITD  CotTSTT. 


Hootiar  Brtek  Company 


OoateBfoa. 


V  f 


New  A  limn 


Nm  Albaay    1  1903 
Now  Albaay  •■  VliiM  to  nport. 


Brick 

Wall  platter  filler. 


Waato  haat. 


iiaoawoawiwia*  vo.  r . 
ClaNaM  K.  iVmIob  


n   H.  I'lallur 
Jam«  A.  Furr  . 
8.P  CowkUI 
DaaialCarpaBtar. 


VeedeisburB. 
Attka 


FoptfTAiM  Cmrmr. 


1914 
1907 


1125.000  1 


CovinKi'in  i  »ijt  i4  iii.>n-i.-- 

Stoani  Corner  ,  Failetl  U>  report  in  1919. 

Kiniham   Faitod  to  report  fei  IMt< 

MaUoU   Failad  to  rapoit  ia  IMt. 


Pavins  brick 
BoUdiac  brick 
Wir»«at  tace 


Waolr  heat. 
Waste  haat. 

WaaiabMt. 


FaaMBUN  COCMTT. 

BiMkvillc 

I>UMtonpaftlptM9. 
Fkflad  to  nport  taim. 

Moah  B.  WoMMar  

Bloom  iBurovp 
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Ftvnir  Cotrim. 


Name  of  Finn  or 
bdividiMl 

Bevui 

Capita 

KiMldPf 

odiiet    1  8y«t«n  of  Diyias 

• 

Swirk  A  Meridith 
A.  A.Caal 
A.  A.  Gust 

Fulton 
Akron 
Mrti 

Fnilwl  to  rrport  in  \9W. 
FiiiM  to  report  in  Nit. 
Failed  to  r«i>ort  in  lOlV. 

Gnmir  OMmr. 


F.  M.  FerguMM  

1  ( >BkUn(l  City  . 

Out  of  biisbMwi. 

W.  M.  Mmd  

i  Princptoa  . 

Failnl  to  rvpnrt  in  IMI. 

JcMe  Milrhell 

!  PrinrrtoB 

Failed  to  repoirt  in  Hit. 

Slormont  hnm 

1  Franrinco 

Failed  to  report  in  I9IV. 

Chm  Rp«.l 

Oakland  C'lty 

Failed  to  repnrt  in 

Polk  Clay  WorkioK  Co 

1  Fort  Bnucli  . 

Failed  to  report  in  Itttt. 

Gbair  Odcmtv. 


Clttol  Brirk  Co 
Bricknnr  Window  Glaaa 

Co 

John  Clidiin  Son!> 
Mrrhi'l  DrninTileCo 
1,.  (•  I.ilbir.i 
Holvn  Bnrk  Co 
OMHnond  Window  Cibuw 
do 

Maricn  Ftrirk  Workn 
SwiH'twr  DrniB  Tile  Co. 
FairmouBt  Tile  C<i 
J.  ft  E.  Fowler 


Sweelaer 
Matlhpwa 

Hertmt  . . 
MnhiMi  . 
Manoa . . . . 


Ciaadty. 
Marioa  . 

Sweetwr 

Fairmouni 

Fowlrrtoo 


FlHlMltonvortkin*. 

Failnl  to  repoft  [■  ttW. 
Failed  to  report  im  IMt. 
Out  of  huKinMB. 

Out  fA  bunin 
Out  ol  liiwin 


Failed  to  report  in  WW. 

FBilfl  to  rtTx>rt  in  WW. 
FhiIinI  i<i  r<-pii«  in  1919. 
Fniliil  to  n-piirt  in  1919. 
Faile<l  to  report  in  1919. 


Otwiinr. 


C.  W.  Bnughn 

Aivlitiinn  ItrrM  

Wiinhmictna  RlMc  MmI 

Tilr  ('•mtpany 
()  Sheltoa 

Linton  Brick  M(|[  ("<■ 
.Smith  A  .Siniili 


Buahrod  ' 
JaMville 

Wortliin«t<in 
SwiH  City 
I.ini'Ki  . 
Midlaiul 


Failed  to  report  in  IVID. 
Fnik-il  to  rin>ort  in  1919. 

Fuile<l  to  rrport  in  1919. 
Failed  t<i  report  in  1919 
Failml  to  report  in  1919. 
Faik-ti  to  report  in  1919. 


UiUIUfON  CtoPNTT. 


Im\  Seed  ft  Fuel  Co. 
Amdk  Bfiak  Woriu. 


Nobhnrilk. 


Mtod  to  report  ia 

rUMlanporttoWW. 

MMtonvoKtelW*. 


Hamcock  Cwitn. 


Wm.  ReaMHier 
Grceofield  Brick  Works 

ElDiar  Kaiibt  

MMimBfieliCa  


Oeni 

Fniled  to  report  in  1919. 

Greenhcid 

F«il«l  to  rt-port  in  1919. 

Failed  to  report  ia  tVll. 

Shirtoy  

FkUodlaraportiaWW. 

HawpaiTKn  Conrrr. 


G.  B  l-Ttiitl  .  . 
1.  W.  Beek  . 
Lin«ein«n  Bnai 
K.  K.  Kills 
W.  F.-C.  lloyd 
Boyd  Tiltr  Work* 
Wm.  I.Oin  


Ctntexville 
Diun  ille  . 
Hruwnnhurg 
Coatenville 
Cliiytim 
Uaaelwood. . 

N.r  " 


( Hit  o(  banincw. 
Out  <i{  buaineni. 
Failed  to  report  in  1919. 
Failed  to  report  ia  1919. 
\m  I     tio.ooo  I  Drain  tlW. 
Failed  to  foport  ia  »W. 
FWM  to  ivport  ia  WW. 
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Hnm  Omwii. 


Name  ol  Firm  or 
iBdividiial 

Bwan 

Opm- 
lioaii 

Capital 
Iav«ata<l 

Kind  of  Product 

8y»t«n  of  Dry-  ( 

NfwrjuitU:  Brick  A  Tile 
NMlMiddEdininli  

OfiMCIly  ... 

1  hit  at  bimiMaa 
FaiMMNfattislMf. 

HowAMs  Cucm. 


Kiehard  CuMiocham  A 


fltndwd  flamtary  Mfc 

Conipwiy 

Kol(Uiiiu  Siuuury  PdI- 

tery  Compaiiy 
J.M.  Lynch*  Co 


Kokomo 
Kokomo. 


Fkikd  to  nfon  in  IdlV. 
FWIad  10  npon  ia  1119. 
FUMlonpoittatMf. 


HrNnNOKtw  Oovjm. 

Mhideicr  *  MahiMM^' 
Jj^lgj^Dnwa  Tile  Ca. 

HoWwr  Bride  Co.  

Mtgvoicii 

BiMoa  .  

8.  £.  ol  Huat- 
iagtoi  

Failnl  to  rvporl  in  Kit. 
Out  a(  buaiaeH  ia  1019. 

FWhd  lo  n|ian  ia  IM9. 
FUMtonpoftiilM*. 

J«enoM  OacMTV. 

Jarkmo  Brkk  *  Hollow- 
Hurp  f'omyaay... 

H.  it.  KooMM>r 
Ci.M.KlMUicb 
W.  L.  Kaatinc 
BmwiwUm-ii  Bnrk  uii<l 

Til«  Company 
KvUBriol(*Til«C«. 

Bro«itiilow-B 

."v-yninur 
Browaalown  . 

IB07  ^     tli'.ow  i  Btd|t.brM(Mddnia 

KiiiUnI  to  ni>on  in 
KuiIimI  to  r<i>i>rl  in  1919. 
KuiU-vl  tu  re|Mirt  in  1918. 

Faitwl  to  Nport  io  lan. 
FaiMioN>anial9l9 

RaidiMMlhMt. 

Itanm  Cbcim. 


i  I  Miller 
Alter  &  WoU. 
OimAI  


OlDVI-    Kuili-il  l<i  li'i>iirl  III  IIIHI. 

Kailnl  Ui  n-purt  in  I91B. 
FatlMi  to  Mpoft  ia  1919. 
FlaNad  toMVOit  to  1919. 


l\y  <'<ii  NTT 


l^artll■dD^dBTibCo.  I  Portkad. 
OMfHtTOoCtt   llMlkqr  - 


Shaw.  Khmlen  A  8iii«rr 
P  M  Hyrd  *  Horn  

Hartu  UroH. 
Jaa.  A.  Byrd 
H.  L.  Huey 

Purtlud  Tile  and  Hol- 
low Rl.l»  Hlwk  W..rk» 
Kedke|f  TU»  *  Bide 


Bryuii 

NVw  Mfiuni 

Or 


im,ooo 

Tile  and  lilocka 

1918 

Tile,  bloclu 

brick*  

Fniladto 

N»ortlitM9. 

and 


Kteam. 

j  Steam  beat  aad  irom 
I 


Houadary . 
Pontand, 

Portia^.. 


iaiMloiiforttoltl9. 
KmM  to  Nport  to  1919. 
Poil«llONpiiittom9. 
FWlBdiarwofttolM9. 

Mtodlonpotttom*. 

fWMtonpotttomt. 
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llfrSMON  CoCNTT. 


Name  of  Kino  or 
iMlividMml 

I^oeatioa 

Opwa- 

1  lave»t«d 

1 

1     Kind  ol  I'rodiict 

1 

j   SyBtem  oi  Uryi  i  - 

JoMiiliH^ACb  

IlMiAKiiMml  

MiWwm  .  .. 

Pattadionportwmt. 
FbiM  to  npoft  to  1M«. 

Nmtli  Vann 
Nofth  Vhmo 

FaiM 

toiapania  1 

WNiiertia  V 

MIN  Cot  SIT 

n*. 

M*. 

John 

fjind  A  RriMnn 

J.  V  Dttvii. 

K.C.  Hakuad  

H.  H.  Wmmt  

Nineveh 
Fraaklin 
Franklin 
WMMlMid  

FtMkBB...:!!.' 

FiiiltNl  to  report  ia  ntt. 
I'hiK.I  (o  i«part  is  IMt. 
Uut  irf  baabMM. 
Failed  to  npgi«ia  IMS. 
FailMllorapmttattN. 
rWMtofipgfttom*. 

Xwix  Oovmrr. 

Win.  F.  Koek   

Win  V  Korh 
S  KiliKillir 

J.  H.  B.  Prullacr   

FMOTfioMinla  

BirkBrll 

Weittplmliu 

Vint-<n>pii- 

Viaeenam  

MaomCity .. 
Ftwhwlwlilo. 

Failed  to  report  in  lOII. 
Failed  tf>  rppijrt  in 
Knil<-I  t<i  n-p'Tl  in  ISIK 
Failed  to  rivort  id  1919. 
PailMl  to  Mpart  ia  MM. 
FaiMtoNiMrtiBWM, 

KotavMKo  Comm. 

T.  H.  Vihwiat  

M.  W.  Mlm  

FMMtoim. .. 
BUwrLako... 

FaiM  to  r«ort  in  Ml*. 
Failed  to  tman  in  MM. 
Fnilnitorq^iaMM. 
fUlad  to  npoft  is  MM. 

L.«RR(NnK  CorwTV. 

B.  F.  Oitnua  

Topekn 
WoluttvilU... 

Fkiled  lo  report  in  MM. 
VUbd  to  nvoft  ia  1M9. 

L*KB  OorNTT. 

Naliotwl  Brk-k  Co 
Clark  M(r.  Campiiny 
J.  I'.  Van  Kirk 
North  Indiaaa  Brick  Co. 

Mii.viuirtl 

I.OWt'11 

Laporte 
MicUgMCity 

1906   i  1)85,579 
fyed  towgort  la  li 

Out  of  baaiaaH. 
OotoClwiBww. 

Commoa  brirk  ... 
>M. 

Hot  air  aad  «i«ani. 

LAWmRNCE  Cor. NTT. 

IMlIK  *  WkiUriiMiltar 

Bodionl  , 

Failed  to  repoft. 

Mauihon  Countt. 

NvtioulDniiTiloOB. 

Cnotca  Tile  Worka 
Indiaaa  Brick  Co  

SumnhvillB . 

MiiiliiHin 
Andenoa 
Aailaraoo . .  . . 

ISM 

Faile<l  1 
Failed  t 
Failed  i 

tlM.OM  1  Dimiatih  

o  report  in  1919. 

o  report  in 

o  report  in  MM. 

Dry  »)k'<1ii.  ataaat 
heated. 
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Hamoi  CnrNTT. 


Name  at  Firm  or 
ladividual 

Capital 
lavaatad 

XiMl«IPradM» 

Byatcn  o(  Dryiac 

r.  S.  Euciiustir  Tile  C'<i 

Cook  4c  Schmidt  

T.B.Lrayeo«li,to*On. 
Prvderiek  Bramer  

Heniinn  KiliMilUt 
HiTiiian  1  .ui'drlDao 

lux.  MwnnU  

l.iM>Bur(l  NcuerlwrB  

Cha».  C.  (JuBck   

Joha  Holm   

In<li»nii|><>li!< 
Iniltaiuipotw . . . 

fii^liuiap^ia 

lotUnniipolia 

Indiaiiapolis . . 
iBdiaiHitoli*.. . 

IKM)        fi:^,  im\    Clny^rMBt  1  BtMm. 

Kailnl  to  riiKirt  la  lUltt. 
Oat  of  tmsiacHi. 
Failed  to  report  ia  IVtfl. 

Kiul<-<1  to  n-iMirl  in  mi9. 
1' lil.-a  to  rt^Mirl  in  l(tl9. 
Kailcil  to  report  in  191V. 
Failed  to  report  in  1919. 
Failed  to  report  ia  1919. 
Failed  lo  report  ia  m%. 

The  Hn>mea  Ctoy  Pro- 
duet  CompMay  

J.  W.  Thumaa*S<»... 

UomMACo  

SariMrASarbar  


Brpiiipn 
Flyrwjuili 
Amm. ... 


I<tl2 


Wn.om  '  Drain  tila. 


KuiImI  tu  report  in  1919. 
nnlad  to  Kport  ia  IMS. 
Fkilad  to  reiiart  n  (Nt. 


O^aa^air  and 


M.tnnN  C'of.vTT. 


FlM  Clay 

I  Co  

Monui  BruN,  

Uw>M«<l  Braa.  Brick  * 
TileCMnvaiiy  


IMS        W.DOO  Bldcaad 

( hit  of  l>u»iDnM>, 
Failed  to  lepoK  in  MM. 


tile     Ju.^tinr  radiated  Art 

1  dryer. 


Mum  CorNTT. 


F.  y.   Mix  k,  Iwixv  I'enj 
Kliftrio  Sq  ('ritii|iitny 

Ridseway  A  Ijiinb 
Bnibaltar  *  Knsider. . . . 


1917    i      txymt    KI,T.  porct'l 

Wiriag  davieai. 

KuiUiI  to  report  in  1919. 
Failed  M  raport  in  19t*. 


MoNwn  Col  Nil. 


IMaaBiidiATdaCo 


Fkiled  to  raport  it  tWt. 


MoNTOoaniiT  Cocntv. 


PMmi  Faviac  Brick  Co. 
AnMBUmt  *  Cbikiera . 
Tha  StMMlaid  Brick  Cb. 


At  11«  Booker. . . 
CrawfardaviHe  Shnio 

Brick  Co 
Wni.  Hnwkimt 
Kvprwm  A  KcrsuHOn 
F.  J  Jl.iok.  r 
H.  K.  I..^- 


T.  J.  Ctutt-y 

Robt.  Kobbiaa. 
Kirk  Braa  


Cmwfordaville 
NawMarbat ,. 
CnMrtordavUle 


New  Roaa. 


Cranrforda  villi- 
Cniwlordn  villi- 
Cniwforrlsvillc 
1  New  |{i«..-> 
!  New  Kicli- 

Inood  

CrawronlnvilU- 


1901 

im 


tuo.ooo 

S.000 
200.000 

4,<MM 


Pacpaadpaviniitbrick  Wanto  ■team. 
r>rain  tilt-  !  A  ir  dry  in* , 

I'Mving,     luc<-  lUJd 

conimoo  brick ...  Want*  beat. 
Dvaiatite   Avawtiao. 


BowcfaHtolMi 


l9n>H         Mt.noo    ni.ls.  briek 

Failt-ii  to  report  in  luia. 
Failed  to  report  ta  1919. 
FWIedio  raport  Ik  MM. 

Failed  to  report  in  1919. 
Failed  to  report  in  lull). 
Failed  U»  repoit  in  1919. 
Failed  to  icport  b  IM*. 


WMloiHat. 


MoncAN  CnPNTT. 


Adjuna  Clay  Prod.  Co 

J  Martinsville 

im  ; 

ISO.OUU    Vm  v  Ulu  k 

Joka  B.  dark  

Martiaaville. . . 

Faikd  lo  r 

eport  in  1*19. 

Bndky  Bifek  Cb. 

1  Mooicavaia..  . 
< 

Faibdtor 

eport  la  »U. 
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NswfMT  Cmmfr. 


Namp  ii(  Finn  or 
Incti\  i<lual 

L4MMMM 

Upem- 

tKNM 

CoDitol 
lavaoted 

Kindo{  Pradact 

Syatom  ol  Drylax 

Bmok  Tern  Cotu  TUe 
■Ml  Brick  Co  

Chw.F(irtv  

BowrCilgr... 

1902  j  IM.OOO 
IWiMtomiottiol 

Drain  tile  and  holkiw 
bklt.  tile  

M». 

Waale  heul  andttein 
dryer. 

N<i»iJt  CorNTV. 

Albion  TiU-  C'«i. 
BrikUri  A  Miller 
Pmk  l,Aiui«niff 
Josie  Devor  

AlhioD 
Woloottville 
Albion 
KeiHl«llville 

1917           H.iXMl  '  Uruinato  

Fiiili.ll  to  rt-pi""!  in  Iflfl. 
l'"uiU-<l  t«  riixirt  in  IK19. 
FniUnl  Ui  niMirt  in  llttU. 

Weather  dryiag. 

P««u  Cocmnr. 

bdMHSMnrPipeCo.  . 

Wm.  E.  Dm  Ctay  HIk. 

H.  U  AtchiM  

Marion  Briok  Worka.  . . 
Nattoniil  DmiftTUaCo. 
RiMwU  iM  

Mtm... 

COM 

Anmipolui 
.Monteiuina 
Moatcnma  .. 
Brilmorc  

1907 

1«M 

KuiUil 
Fulled 
FoiM 
Foiled 

tiw.ow 

am,  000 

o  rfport  in  I 
Ui  report  in  1 
to  nport  in  1 
to  report  ia  1 

.Sowerpipc,  dmin  tile, 
wall  copinK,  drv 
proofi  nx  and  r  li  i  m  • 
neyiopa..   

.>v-wer  pipa,  flit*  lfal> 
intaad«wleooiaB 

ti'.i. 

»t8. 
»«. 

m. 

Mieomeolia. 

PlRRT  COVMTT. 

U.S.  Brick OmpMy... 
Cm.  DidtmM  

TWICIty  

Tell  City  

im  1  •H.I74.n    Briok  ud  dmin  tll». 
VhiMtonportioMlfl. 

EihMHt  alfiiat. 

I'lKB  ("llIMV 

J.  K,  Sohuri 

PlMk  I>  K>ii<l 

P.  M.  FerguiKja  - 

Daimay  Alta  

IVUTiiUurK 
I'ftcrnVMiru 
SpurKcoo 
Otmll  ,. 
SumU  

<  >ul  of  Iwsijhw. 
Knilvtl  to  report  in  IBID. 
Fulled  to  report  in  1919. 
FoilMliorapontoWM. 
FUMlonpoctialtn. 

I'oHTRK  Coi'»mr. 

llydruulir  IViow  Hrirk 

Co 

P.  v..  Anili-rwm  &  t<uo  . 

B.  8.  Ktmy   

Chaa.  K.  Lembk*  4  Co . 
CkMMnci  A  Clwuitf . . . 

riirtcr 
( 'hmtvrtoo 
Hebroo..  .. 
Vklponiao. . . 
VolpMViM  ... . 

i 

KaiUil  to  roporl  in  I 
Kail«l  to  n-piirt  in  1 
Faikiti  to  ny»>n.  in  t 
Foiled  to  rapott  in  1 

Flaeebriek   

m. 
m. 
m. 
m. 

Waal*  heat. 

FtiMnr  CouNTT. 

«      H.  litiii 

Heary  Urinkniaa 
Iwlwuial  Brick  Co  ... . 
B«lm(NHl*Co  

Nf»  llurmony 
Maant  Veraoo 
Mo«a(  Vanoa 

rjul.-.)  to  r,.,,i>rl  m  lOI'J. 
Failed  to  report  tn  1919. 

nuiMiioNpMkiHn. 

Failed  to  report  ia  1M«. 

Pi-usKi  Cocirrr. 

Fnutcaavillr  Clny  Prod- 

oeU  Co 
Chy  TUe  Factory 

(Widup) 
OmSmwH  

VWuMNwine... 

Winaniiu-    .  . 
FrMcMVillc. . 

Out  of  biHiacM. 
Foiled  to  nport  ia  IMI. 

Digitized  by  Google 


Hand  Book  of  Indiana  Geology 


6S9 


THE  CERAMIC  INDUSTRY  BY  COUNTIES— Continiwd. 

PlT!*  AM  Cor  NTT. 


Namt*  of  Firm  or 

todhridMl 

KiMl«(Pkadiwt 

SjrMiatDfyiw 

Wm.C.  KMttt  

GrMiiruKtlc 

Kailcd  to 

rofXHt  in  MH. 

J.A.  IUw*80B  

Roadidrie.... 

FaiMte 

NDort  is  1919. 

David  KaoU  

PsUedto 

NpOCliBlt 

m. 

KANDuirH  County. 


Keliey  -  SwKlrrji  Brick 
Co..  


Om.  Aiblay 


FUMionvonfai 


lUMtonpHtbiim. 


Kl  riH  (  'o(  MY  . 


Affauokk  AStm 

Horner 

lt<W   '      125.000  [  Drain  tile  and  brick  .|8tmn  dxyars. 

Out  it(  buoinrm. 

Kai1v<l  to  rrport  in  1919. 

IhMhvill*  Brick  A  Tik> 
Worku 

W.  M.  Baiabridsr 

RushvilW 

O.W.Wynnii*8oii.... 

fteuab«n. . . . 

FUMtoN^tann. 

.'^IIILBT  fofKTY. 

Thox.  Bnxtkn 
8ch(M*l«li  Brtw 
A.  C.  Bowlby  A  Hon  . . 

Sli.-U.vvill.- 
.Sl..-ll.vvill.' 
.ShflbyvtlU.- 

Kail«l  (o  r<T"rt  in  MM?!. 
I'^mltil  Ml  DtMTl  in  I'M'.I. 

Kwletl  lo  r«vorr  lo 

BnMcaa  Cliirirtr. 


CDdwhiU  Bifek  A  Tii»  i 
Compuy  


F.  J  .  IkK-ktins 

St  MeiniMl  Brisk  A  Tito 

Cocnpuy  

■DniaTitoOo,. 


Rock  port 

Mariah  Hill 
8t.  Mciarad 


1911 


tSS.OQO 


Com  nun 

drain  lib, 


brick  and 


FaiM  to  n-port  in  IBI0. 

Failed  to  nport  in  1919. 
PaiMlonport  1*1919. 


SwiktMl  hmtdiyv 


St,  JiMKrii  ('oi  NTY 


Frank  Kifihor 

.>>]oth  Htnil 

FaiUftl  to  ntxirt  in  1919. 

F.  E.  Porkiiw 

South  Bcod  . . 

Failed  to  report  in  1010. 

Ma«))«l  Bkm  

WoodlaMl  

fUladlonvwttenn. 

.•toath  B«nd  Brick  Co. 

Nob.  lands  . 

South  Brad 

Failml  to  report  in  1919. 

BnvMm  CoriTTT. 


AobqIb  Brfek  A  Tito  Oo. 

.A. 


tt5.«9g  DraiatOti 
FMtodtOMpartwl9l9. 


ibiiit. 


SlOUVAM  CaCNTT. 


FtamAHov. 

Jm.  Abbott  

Siballowo  


(JtitolL  

Faiied  to  npoct  ia  1919. 
Faitodtonparttol9l9. 


Digitized  by  Google 


660 


Dbpabtuent  of  Conservation 


THE  CERAMIC  INDUSTRY  BY  COUNTIES— Continued. 

TntaMNOB  Cddmtt. 


Nameof  Firm  or' 
iMlividiial 

Si 

bv«ttcd 

1 
1 

KiMlofPMidaei    |  Syrtm  of  D(yii« 

HnfyXaHh  

LafayetU! .  . 
HiNrtnanaeiF. 

r.iili-.!  1.1  i<  («irl  in 
F&iltHl  to  report  ib  1918. 
FkiledU>n*Mrt. 

Tlrai.P.Liwlli]r  

Wiad&U  Mtc  Co  

TiptoBCUy  Co  

Bdw.  Baanr   . 

P.  P.  nnml  

ConttacntalTilvA  Brick 
Co  


Ooldimitli... 

WimUnll  

Tipton   

Tipton 

(!<il<Uiiiitlina<l 
Hohlm 

CurliavUte  


ISIO         |2S,000  nniintiloMdUdg. 

I     brick  I  StMun 

Out  <M  bvaiiMH.  | 

Out  of  bUMMM. 

Kailed  to  report  in  191V. 

Fniltnl  lo  rrporl  in  I0t1>. 
Fuilinl  to  rti»ort  in  l»la. 


V«Nnciiai'i«)ti  roi'VTV. 


.Stanriard  Brick  Mfit  fo 

Finit  Avi'.  Urick  &  Tikj 
Coiiipitny  ... 

■Sophie  HvMMniui 
Crown  l*olt4»ri«i  Co. 
Eroetit  Wedekins 
SlMdanl  Brick  MfR.  Co 

Henry  .\lrunder  

.Samuel  VVollmeur  

Jn  W  iilcrinun ,  

Klamer  Hroii  

iHMdink  


EvMavilVe. 


Kvnn!>viilc 

I'.vnnjtvilli- 
Kvnnsvilli- 
KvHjisvilli- 
F.vannvillp 
Kvttimvilli- 
Ivvannvillc 
Kvuiwvillc 
KvaaeviUe. 
EvMMvili*. 


1«03 


9MO.000  I  Commaa  lane 
briek  


1895         SO.OUO  iBMj^bricki 

Failfil  to  n-port  in 
Fiiii>  il  In  n  iMirt  in  1919. 
FniltMl  (o  report  in  1919. 

t  ►ut  o(  t>tHID(1!l>. 

Fuikil  to  rrporl  in  1919. 
Kailrtl  to  r<'p<irl  in  IWi. 
Failivl  to  ri'port  in  UMO. 
Failotl  to  report  in  WIU. 
Failed  to  wport  i«  WW. 


WiMeluM. 
Waato  haat. 


Vkrmillwn  CoPMfT. 


.\rrni-  Brirk  Co 

W  m .  UeeClay  WorksCu . 

Wm.DeedayWoriuCo. 

Kuri'kii  Urii  k  Company 
.Southern  Fire  &  Clay 

Oo  

Wm.  Martin  ft  Hon 

Nmionnl  Dniin  Till- Co 
CiiyuKji  Mrii  k  A:  CoiilCo. 
Newport  Urick  A  Clay 
Oo  


Cnytiitii 

.Newport  

Cayvca...  

Cliaioa  

W.  Montenma 

UileynliurE  

Hilladala  

Cnynvi  

Newport  


Face  hide  brick  and 

floor  tile   

Drain  til«  and  hoi- 

low  bldg.  brick  

Dfaia  tile  aad  hoi- 
low  bide,  bridt — 
FUMtonportialMt. 

Failed  to  report  ia  1919. 
Failed  to  report  in  1919. 
Failed  to  nport  ia  I9». 
FWIadtoraponiaMl*. 

Failed  to  wport  ia  1919.  


Steam 
Kite  heat 


VlW  COtJMIY. 


Bawett  Brirk  (  ompun y 
Terre  Ilauto  V'ltnlicd 
Brirk  Co 

Vico  American  Clav  Co 
Vice  Plant 

Chaa.W'.llofT  Hru  kCo. 
Parle  Brick  Compnny . . 
I.  A.Terhune  

C.  M.  Miller  Minine  & 

Hit  Co 
Coopi'mtivo  Brick  Co. 

Chan.  Smith  

U'Mara  Broa  

W  Bi'fKeman  

Tcrro  Moute 

Brirk  Co.  . 


TamHaata.. 
TonvHaate.. 

Terr*  Ilauto. . 

Terrr  Knute  . 

Terre  lltiutc 
W.T.rr.Hi.utr 
Terrc  Hjiuu- 
Terre  Uaato.. 
^aKHill.. 

Terri'  lliiuti' 
Tern'  HauU- 
Terre  Haute 
Terre  Haute 
Terre  Ilaule 


1901 

noa 

19M 

\m 


10,000 

3!V0.tKIO 

linijNMi 


HolkwbU||.tile. 
FMrndniatile... 


BMr.  briek..    Saa. 


Waato 
Siaan 


pip*  and  kot 


Failed  to  repon  ia  1919. 
FMhd  to  report  ia  1919 

1  aili-ii  u.  rr|«irl  in  IIM'.'. 
Kaileil  lo  rt-r»irl  in  l".»|y, 
Fuileil  to  report  in  1919. 
Failed  to  report  in  1919. 
FitiUil  to  r«-porl  in  IHHI. 


Ironstone 

liriek 
Itollon  lil.lic  til. 
Ili.l|..vs  \,\.W  t.l. 
Coiiittion  brK'k 


p«iving 


\\  ,1-1. 
<  'pen  sbcdc. 


Torre  Haute    i  Failed  to  report  in  1919. 
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Wabakh  C'orimr. 


NuBColllniiQr 

Capital 

IndMiiad 

Lemion 

<  ►per*. 

8yalMB  of  Diyiac 

lions 

ManclH-xIpr  Tite  Worku 

N.  MiuvrhwttT 

»U.OM 

Dnto  Ul»   

Mtaam. 

K<lw  lliiRKcrty .  . 

PaiMlonponiBlMt. 

M,  (lirl.   

N .  Manr  hwUT 

FbIImI  to  report  fai  III*. 

Krnwt  li  rarothen 

N.  W.  ot  Wb- 

bBi<h  

It  n  rxirt  in  1 

ii'.i 

Alb«rt  .Shiakel  .   

WabMh  ... 

Kailmt  to  ri-purt  lo  lUIU. 

Wabum  OmrNTT. 

Ain.  HaaMr  

W.  LvbMiM 

UiUofl 

MIMIMaW. 

IwfaattMl  Briek  Works 

Rooaville  

MM 

m.ooo 

Brick,  draia  tile  ... 

Waukk  Oocmtt. 


Warrirk  Roo8w|TiteCo. 
Star  Hriek  A  Cky  Co 
Iamui  Klfwtpnnripr 
ladiwlriul  Ktii'k  Wnrkf 

Jarvia  A  Tbcne  

Ma8««ri  


Vcwhurj 
NVwburf 

HiicmviUr 


Failivl  to  report 
FailcMl  to  Tt^Knn 
KiiiUil  to  report 
V':ii1im1  to  report 
Failnl  to  report 
Failed  to  report 


in  I919. 
in  1019. 
in 

in  l*M<) 
in  I»I9. 

n  im 


WjuamcnoN  Gorirrr. 


Ken  .'^hnim  ... 
Fyaaklia  Brw  

Kalcm  .  . 
I  jttk  York 

Failed  to  report  in  1919. 
Failed  to  report  in  1919. 

Wathm  Ootimr. 

P-VVMimaa 

rtuu.  H  Mrv.  r 

W.  C.  Tlii»ll«tbiirBil« 

Cambridg* 

City 
Hichmoad 
Riekmond  . . 

Out  of  huHineKN.  , 
<  Hit  o(  buhiot-w. 
Failed  to  report  ia  ItM. 

Wnu  CnriiTT. 

Aurora  Fire  Clay  Co.  . 

Bookner  &  Irwin  

O.  J.  MnntitoiTicr>-  . 
J.  W.  C«.k 
BaatjrAOoaa  ... 
JLC/BaB  

BlafflM  

BkiffUNi  

BkdiMa  

PoMto  

OmIm  

CMgyilla  

(hit  o(  bufiinim). 
Out  of  liuninnw. 
Failed  to  r«-purt  in  1910. 

FaiUKl  to  raport  ia  l»l». 
FUladtonpotttoMW. 

WMfn  Cot-NIT. 

I  ndcrhill  Brick  A  Tile 
lIune^A  AIIorI... 
MidhMlTL  

Idavillr 
MOMO  

ChaJmwB  

IdaviUe 

FaikMi  to  report  ia  1919. 
FaikMl  to  report  io  KM. 
Failed  to  rcpon  in  1919. 
Fiuledtan^iBMn. 

Whitiky  CocjftT. 

W.  M.  Crahill 
S.  F.  TremliU-y  C.i 
I.  D.  ^ihemnod  A  Sao 
Rrtlnutn  A  Wynkoop 
Philip  Zubcr  ..... 

J.J.Stmikert  

Oonifiy*FMtiaini... 

rollim. 

ColiiiiihuiC^ilV 

C'oluiiibiaCity 

CohioibiaCity 

CohimbiaC'ily 

Cbanibuwo  . . 

ColnmliwCity 

Kailetl  to  report. 
FailiNl  to  riimrt. 
Kailwl  t<)  tiTKirt. 
Kailml  to  rfport. 
Failed  to  report. 
Failad  to  raport  io  1919. 
Failad  to  npart  io  ltl9. 
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KAOLIN. 


INTRODUCTION. 


Tilt  (lepMito  of  kadin  in  Mmtharn  Indiana  have  long'  attracted  the  atten- 
tion of  the  scicntML  The  oecamnM  of  deposits  of  kaolin  of  extraordinary 
purity  and  crystalline  appearance  apparently  interstratified  with  sedimentary 
roeki  was  to  him  an  extremely  unusual  phenomenon. 

hem  freqiNiltly  has  the  attention  of  the  manufacturer  been  attracted  by 
the  commercial  possibilities  presented  throu^jh  its  utilization.  Since  the  dis- 
covery in  1874  of  a  thick  bed  of  kaolin  on  the  property  long  owned  by  the 
late  Dr.  Joaeph  Gardner  in  Lawrence  Covnty  the  kaolin  from  this  deposit 
has  been  used  intermittently. 

In  the  autumn  of  1916  the  writer  began  investigations  with  a  view  to 
determining  the  origin  and  of  extending  the  utilization  of  the  konlin.  One 

line  of  invcsti^cation  led  to  the  testinfj  of  trial  mixtm  p.^  of  kaolin  and  Indiana 

Are  clays  for  the  possible  manufacture  of  refractories.  The  other  line  of 
inveetigation  eommiMd  itielf  ehielly  with  a  atudy  of  the  origin  of  tiM  kaolin. 
The  resulta  of  these  and  ether  lines  of  investigations  are  embodied  in  thia 

report. 

Following  the  entrance  of  the  United  States  into  the  European  war,  the 
demand  for  Icaolin  suitable  for  the  manufacture  of  i^la.ss  pots,  wlnte  ware, 
refractories  and  for  purposes  connected  with  chemical  warfare  became  very 
insistent,  for  the  reason  that  the  European  supplies  were  no  longer  available 
iMsanse  of  transoceanic  transportation  difflcultica. 

Upon  request,  the  writer  secured  and  made  shipments  of  Indiana  kaolin 
to  several  ordnance  laboratories  and  to  the  Bureau  of  Standards.  Shipments 
of  many  cars  of  Icaolin  were  made  also  from  the  Gardner  mines.  This  kaolin 
was  used  near  St  Louis,  Mo.,  in  the  manufacture  of  a  rrfraetory  material 
called  "Malinite." 

At  tiie  request  of  Professor  H.  Reis.  who  had  the  investigation  of  days 

und  kaolins  in  charge  for  the  United  States  Geolopical  Survey,  the  writer 
prepared  a  brief  report  on  the  kaolin  of  Indiana.  This  report  has  not  been 
published.  It  contains  a  brief  discussion  of  the  ^eoloKical  occurrence,  the 
origin  and  the  preof^raphical  distribution  of  the  kaolin. 

The  kaolin  of  southern  Indiana  was  first  mentioned  in  the  jfeolopn'cal 
literature  by  Leo  Lesquereux'  who  suggests  that  it  is  a  very  soft  ochrous  clay 
whidi  has  resulted  from  a  burning  out  of  a  bed  of  coal.  This  deposit  is  near 
Dover  Hill  in  Martin  County. 

The  occurrence  of  the  white  kaolin  in  Lawrence  County  is  Arst  referred 
to  by  E.  T.  CoK*  as  follows:  "One  of  the  most  interesting  as  well  as  valuaUe 
di.scovcries  made  durinjr  the  year  is  a  larpre  bed  of  White  Porcelain  Clay  in 
the  Carboniferous  rocks  of  Lawrence  County."  lie  says  that  the  bed,  strati- 
iled  with  the  rocks,  is  from  five  to  six  feet  thick  and  may  be  traced  over  a 
large  area  of  land. 

"The  principal  body  of  clay  is  on  section  21,  town  4,  range  3.  Tliis 
property  has  been  purchased  by  Dr.  J.  Gardner  of  Bedford,  Lawrence  County, 
who  has  associated  with  him  Messrs.  Tempest,  Rrockmand  and  Co.,  the  pioneer 
potters  of  CindnnatL  This  firm  has  given  the  clay  a  thorough  practical  test 
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and  flnds  that  it  makes  a  beautiful  white  ware  equal  to  the  beat  BngUah  inm- 
stone  china.** 

To  the  kaolin  Cox  applied  the  name  "Indianaite** 'and  gave  a  diflcussion 
of  its  oriiHn,  which  he  assigned  to  the  decompoeitioii  of  a  bed  of  limestone. 

Maurice  Thompson'"  discusses  the  mode  of  oritdn  suffjft^sted  by  Cox  and 
asserts  that  a  large  part  of  the  silica  composing  the  kaolin  must  have  been 
contained  in  the' clay.  He  thinks  the  silica  was  derived  from  the  sandstone 
bjr  the  leaching  action  of  meteoric  waters. 

W.  H.  Thompson'  supports  the  view  of  Maurice  Thompson  and  cites  ex- 
amples of  the  deposition  of  silica  carried  in  solution  by  meteoric  water. 

Geo  H.  Ashley*  called  attention  to  the  fact  that  Lesquereux's  view  of 
origin  has  been  overlooked  and  expresses  his  belief  that  tiM  latter  has  hit 
upon  the  proper  solution  to  the  problem. 

W.  8.  Blatdiley*  says  in  eonclndbig  a  discussion  of  the  origin:  '*WhiIe 
the  facts  at  hand  are  not  sufficient  to  fully  justify  either  of  the  conclusions 
above  given  as  to  the  origin  of  the  kaolin,  that  of  Lesquereux  and  Ashley  is 
by  far  the  more  plausible.  It  at  least  accounts,  aecmrdinir  to  tiie  laws  of 
dwmistryi  for  the  presence  of  the  silica  and  alumina  which,  with  the  eon- 
bined  water,  made  up  98.61  per  cent  of  the  deposit" 
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THE  PHYSICAL  AND  CHEMICAL  PR0PEBTIE8  OF  INDIANA  KAOLIN. 

Definition.  The  term  kaolin  is  applieri  by  Dana  to  a  rOck  made  ap  of 
one  or  more  minerals  included  in  th<-  following  group: 

Kaolin  Minerals. 


Silica 

Alumina 

Water 

89.50 

14.00 

Mrorschaluminitc,  2HA1  ( SiO,)+«q.4.'{.  15 

41.07 

15.78 

Halloysite,  H.Al,(Si:0,)  faq  

43,50 

36.90 

19.60 

Newtonite,  H.Ah(Si.On)  4  aq.  .. 

...38.50 

32.70 

28.80 

, .63.40 

23 . 90 

12.70 

Pyrophyllito.  H.AI..(SiO-,).  

. . .06.70 

28.30 

5.00 

AUophane,  AhiSiOJSHiO  

. . ,23.80 

40.50 

35.70 

Collyrite,  AL(8ia)9HX>  

47.80 

88.00 

Schrotterite,  AKSiOO-^OHiO. .. 

...11.70 

53.10 

3  5, '20 

r.5.40 

;",4 .  (50 

Since  the  Indiana  white  porcelain-like  material  seemed  to  differ  from 
other  kaolins,  E.  T.  Cox  named  it  Indianaite.  •  Beeanse  of  its  nearnete  in 
chemical  competition  to  halloysite,  Dana  a.^.-jigned  it  as  a  variety  of  that 
mineral  species.  It  is  essentially  an  hydrous  aluminium  silicate,  containing  in 
some  idaees  a  tilnisli  mineral  of  the  approximate  imposition  of  allophane, 
and  so  cal!e<i.  The  term  which  i.«  applied  to  the  Indianaite  locally  is  kaolin. 
Some  mineralogists  would  limit  the  teim  kaolin  to  residual  deposits  formed 
from  the  deeomposition  of  fddspathic  rocks.  Under  such  restrictions  Indiana- 
ite would  not  he  a  kaolin  nor  could  it  be  called  a  sedimentary  kaolin  to  dis- 
t^guish  it  from  the  residual  type,  since  it  is  partly  of  the  nature  of  a  re- 
placement mineral,  and  partly  of  organic  origin.  Only  a  very  small  portion 
ha.s  been  redeposited.  The  term  kaolin  as  used  by  Dana,  includes  such  min- 
erals as  kaolinite,  gibbsite,  halloysite  and  others,  and  so  tlie  term  may  be 
properly  applied  to  Indianaite. 

JIfoeroseopie  Appearanee.  The  purest  form  of  the  kaolin  is  a  white  snb- 
.-tanre  of  porcetaiU'like  appear;! me  When  first  taken  from  the  deposit  it 
often  exhibits  a  pale  sea-green  color  and  i;^  semi-translucent.  After  exposure 
to  the  air,  it  loses  its  green  color  and  becomes  opaqve-white.  The  change  is 
probably  due  to  lo.s.s  of  water.  The  larger  masses  of  the  kaolin  when  expo.'^cd 
to  the  air  break  up  into  small  irregular  fragments.  These  fragments  do  not 
pass  readily  into  day.  Even  when  reduced  to  a  fine  powder,  the  kaolin  re- 
mains non-plastic. 

Porns-i'y.  The  white  kaolin  is  porous,  and  when  dry  contains  much  air. 
When  the  kaolin  is  placed  in  water  the  air  escapes  rapidly  from  the  pores, 
producing  a  sound  like  that  acoompanjring  eifervescenoe.  The  bulk  of  the  air 
is  u.sually  forced  out  at  one  or  two  points,  the  .<mall  .'ipherc.'J  rising  rapidly 
toward  the  surface  of  the  water,  like  the  spurt  of  a  miniatui-e  fountain. 

AbwrptUm,  The  white  poroelain>llke  kaolin  is  porous  and  readily  absoito 
water,  though  the  absorbed  water  does  not  render  it  plastic.  The  amount  of 
water  absorbed  is  greater  in  the  granular  kaolin  and  least  in  the  white  porce- 
lain variety.  The  per  cent  of  absorption  by  weight  varies  from  6.6%  to  13%. 

Fraeture.  This  icaolin  has  no  definite  cleavage,  but  tiiere  are  flat  smooth 
surfaces  which  resemhie  deavage  planes.   These  planes  usually  extend  for 
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only  short  distances  and  may  meet  other  planes  or  curved  surfaces  at  any. 
angle.  The  fracture  is  distinctly  conchoidal  in  some  places  and  very  irretculai* 
in  others.   The  fractured  surfaces  often  resemble  the  surfaces  of  broken  bisque. 


Plate  XXIX.    SlainnI  kaolin  from  Ibe  Gnrdnvr  mint'.    Colors,  while,  yellow,  purple  aiid  red. 

Hardnesn.  tThe  hardness  of  the  white  porcelain-like  kaolin  is  usually 
above  that  of  gypsum  and  below  that  of  calcite,  on  the  average  it  is  about  2.5. 
There  is,  however,  a  variety  which  has  a  hardness  of  less  than  1,  being  soft 
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and  plastic.  This  variety  becomex  hard  on  exposure  to  the  air.  The  yellow 
and  purple  varieties  have  a  hardness  of  1. 

Si>ecifie  Grnvily.  The  specific  gravity  of  the  white  porcelain  kaolin  varies 
from  2.00  to  2.31;  white  granular,  from  1.90  to  1.94;  yellow,  from  1.94  to 
2.01;  purple,  from  2.26  to  2.33. 

Mncroi^copic  Structure.  The  unstained  white  material  seems  devoid  of 
definite  structure.    (See  Plate  XXX.)    It  might  be  described  as  being,  in  gen- 


PImI<-  XXX.    MitM«*>  of  white  kaolin  from  the  Gardner  mine,  Lawrence  County. 

eral,  coarsely  granular  with  an  occasional  plate-like  .surface.  In  some  places 
there  are  cell-like  spaces  with  interior  portions  covered  with  botryoidal  forms. 
Again,  the  kaolin  may  assume  the  form  of  concretionary  masses,  composed  of 
concentric  layers.  The  stained  kaolin  may  be  distinctly  laminated,  in  which 
case  yellow,  brown  and  purple  layers  alternate  with  white<  In  .some  places 
the  porcelain-like  material  exhibit.s  a  wavy  laminated  structure  with  stained 
lines  and  surfaces  that  are  covered  with  projecting  spherical  hiasses  of  white 
material  .separating  the  layers  of  porcelain-like  Indianaite,  while  in  others  it 
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is  pitted  with  these  small  white  (^^ranules  of  clay,  producing:  an  amygdaloid' 
like  structure.  These  small  pranules  have  about  the  same  degree  of  hardness 
as  the  surroundinf?  Indianaite.  In  some  places  the  white  Indianaite  pre.sents 
an  irrejfular  laminated  appearance.  This  lamination  seems  to  be  more  clearly 
marked  in  the  yellow  clay  than  in  the  white.  In  some  cases,  however,  the 
laminated  appearance  is  due  to  the  presence  of  thin  layers  of  yellow  clay 
within  the  white.  Concretionary  masses  are  sometimes  found  in  the  white 
Indianaite.  These  vai->'  in  .size  from  a  few  inches  up  to  nine  or  ten  inches 
in  diameter.  The  concentric  layers  are  separated  by  thin  lines  of  black  and 
yellow  stain.  The  translucent  foi-m  is,  in  places,  composed  of  a  series  of  .small 
geode-like  masses,  arranged  in  a  general  horizontal  position.  The  walls  are 
about  %  of  an  inch  in  thickness  and  the  diameter  of  the  cavities  from  1/10 
to  %  of  an  inch.    The  interior,-;  of  the  cavities  are  lined  with  a  layer  of 


rinte  XXXI.    Mbkrcs  of  sinincd  VHnlin  fmin  Ihr  Carciner  mine.    Soft  vhcn  taV^n  from  the  mine. 

milk-colored  Indianaite  which  has  a  mummillary  surface,  and  the  cavities 
are  sometimes  wholly  or  partly  filled  with  round  grains  of  the  same  material. 
In  one  hand  specimen  five  of  these  cavities  are  arranged  in  a  line  occupying 
a  horizontal  distance  of  two  inches.  Cavities  of  various  sizes  are  of  common 
occurrence  in  the  Indianaite. 

Color  of  Indimwitr.  The  purest  form  is  white  or  greenish-white  in  color. 
Much  of  it  has  been  stained  and  the  most  common  form  of  the  stained  is 
yellow,  due  to  the  presence  of  hydrated  oxide  of  iron.  There  are  also  brown 
colors,  due  to  larger  amounts  of  the  same  pigment.  In  some  places  there  are 
purple  colors  and  black  colors,  due  to  the  presence  of  manganese  compounds; 
however,  some  of  the  black  stains  are  due  to  organic  matter.  In  most  cases 
there  is  no  regularity  in  the  arrangement  of  colors,  but  in  some  cases  the 
arrangement  of  colors  is  in  bands.    The  kaolin  under  such  conditions  has  a 
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distinctly  stratified  appearance  due  to  alternate  layers  of  white  and  yellow 
kaolin.    (See  Plate  XXXI.) 

Microscopic  Appearance  of  Inditinnitc.  Under  the  microscope  the  massive 
white  kaolin  ia  found  to  be  composed  of  minute  globular  granules  which  are 
often  arranged  in  a  dendritic  form.  The  pranules  are  translucent  in  appear- 
ance and  have  about  the  same  index  of  fraction  as  balsam.  Sometimes  larger 
structures  occur  in  the  midst  of  the  granules.  In  cross-.section,  these  are 
circular  bodies  made  up  of  concentric  rings  enclosing:  a  centrally  placed  nucleus. 
Uadial  lines  pass  throu.urh  the  concentrically  arranged  ring's  from  the  nucleus 
to  the  peripher>'.  These  circular  bodies  sei  m  to  break  up  into  small  granules 
of  the  ground  mass.  Several  stages  of  the  process  of  disintegration  are  recog- 
nizable. There  are  circles  in  which  the  boundajy  between  the  periphery'  and 
the  ground  mass  is  but  faintly  outlined.  The.se  will  contain  granules  but  will 
-itill  sho^'  some  evidence  of  concentric  and  radial  ."structure.    In  other  cashes 


PUktv  XXXII.    Fiir.  A    Micr<vph«jto«rfii>h  «f  siihorulrn  In  white  knolln.    Enlnrjced  260  dl»meler». 

all  but  the  nucleus  has  disintegrated  by  passing  into  the  granular  .stage.  In 
some  cases  the  circular  body  has  been  completely  disintegrated,  with  the  ex- 
ception of  the  dendritic  or  web-like  mass  of  pigment  which  stained  the  nucleus. 
(See  Plate  XXXII,  Fig.  B.) 

It  appears,  also,  that  even  this  structure  may  become  broken  up  and  its 
small  dark  granules  be  distributed  among  the  translucent  ones  of  the  ground 
mass.  In  some  sections  the  ground  mass  and  the  nucleus  are  stained  yellow, 
but  the  concentric  rings  of  the  circle  remain  free  from  coloring  matter.  In 
some  places  there  are  rows  of  circles  occupying  nearly  a  straight  line.  The 
outer  surface  of  these  circles  and  the  inter\'ening  ground  mass  are  stained 
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yellow  along  one  side,  while  the  opposite  side  may  remain  clear.  In  some 
circles  the  entire  peripheral  zone  is  stained.  These  circular  bodies  are  prob- 
ably the  cross-sections  of  oolites  similar  to  those  produced  in  the  black  clay 
found  beneath  the  white  kaolin.  Rothpletz'  believes  that  "Calcareous  oolites 
with  rejrular  zonal  and  radial  structure"  are  phytogenic;  "the  product  of 
microscopically  small  aljfac  of  very  low  rank,  capable  of  secretinff  lime."  The 
oolites  found  in  the  kaolin,  since  they  possess  a  zonal  and  radial  structure, 
may  be  phytogenic. 

In  the  c&sc  of  the  fcrro-aluminium  sulphate  i-cferrcd  to,  spherical  bodies 
were  foimed  on  the  inside  walls  of  the  vessel  above  the  surface  of  the  water. 
The  surfaces  of  these  spheres  were  covered  with  acicular  projections  radiating 
outward  from  the  spherical  surfaces.  Sometimes  the  .sulphate  would  pull  away 
from  the  surface  of  the  vessel  under  its  own  weight.  When  this  occurred  and 
fresh  sulphate  was  deposited,  it  would  form  a  thin  film  between  the  surface 
of  the  vessel  and  the  hanging  body  of  sulphate.  This  film  has  a  convex  surface 
and  possesses  both  radiating  and  concentric  lines.    These  lines  have  the  same 


Platr  XXXII.    FiK.  B    Spherule*  enlarired  ROO  dlamelfm.    Have  radiiil  iinil  roncenlric  structure 

•  nd  brtnk  up  into  Kntnuleo. 

appearance  as  those  in  the  circular  bodies.  In  other  parts  of  the  ves.sel  the 
deposited  sulphate  had  a  botryoidal  or  mammillary  appearance.  The  surfaces 
of  the  globular  masses  were  rough.  They  are  fastened  to  the  surface  of  the 
vessel  by  sulphate  of  a  massive  structure.  In  some  places  plate-like  masses 
were  formed  with  their  surfaces  parallel  with  the  surface  of  the  vessel.  This 
plate-like  structure  is  aLso  recognizable  in  the  natural  kaolin  deposits.   It  would 
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Mem  that  in  some  instances  the  sulpliate  may  have  been  dianged  into  the 

fcilicate  without  change  of  form. 

Compontion.  The  oompoflitien  «f  Hiree  nmplce  of  bidlnnaite  as  pub- 
lidied  in  Dana's  Mineralogy  is  as  follows: 

SiOi         AliOi  HiO       HiO  at  100*0   CoO.MgO     AUcaiiea  ToUl 

ai.oo      ao.oo         u          0.50         o.os        .w*  00.07 

30.35  36  a.'S  22.90  0  40  ....        99  00 

30.00  37  40  23.60  Undet.  ....        99  90 

These  samples  all  contain  less  alumina  than  is  contained  in  kaoUnite  which 
contains  89.5  per  cent,  of  alumina.   They  approach  more  doody  the  eorapoeio 

tion  of  halloysitp,  which  oontain.s  i'.'.h  per  cent  of  silica,  f?fi.9  per  cent  of 
alumina  and  19.6  per  cent  of  water  and  it  is  to  hallbvsite  that  Dana  refers  it. 


OTHER  ANALYSES  OF  INDIANA  KAOLIN. 


No. 


SiO, 


41.82  32.65 

39  00  3«  (X) 


Fc,0, 


TiO, 


.04 


39  :i.5 
38  90 
45.90 

47.  OS 
47.13 
46.00 
44.75 


36.35 
37.40 
40.34 

37.14 

36.76 
40.20 
38.39 


(MnO,) 
tr.  I  .03 
tr.   '  tr. 


.95 


SO, 


.065 


CaO 


.40 
40 


MgO 


.03 


tr. 


.37 


K,0 


Na,0 


12  tr. 


.54 


HtO  Comb. 


.03j 
.04 


12  .23 


18.47 

9  50    14  00 
22.90 
23.00 


Total 


13.26  00 


03.875 
99  67 
99.00 
00.90 


10.56 
16.13 
13.62 
16.17100.38 


00.80 

99  06 
99.02 


No.  1.  Soft  plastic  kaolin  eoUeoted  by  the  writer.  L.  L.  Ganioic*  analyst. 

N'o.s.  2,  .1  !ui(l  4.    Cox,  «th  .\nnual  Kept.  Inrl.  Cool.  Siir.,  pp.  155-150. 
Nos.  o,  a  and  7.    Cox,  6tb  .\nnual  liept.  Ind.  (icol.  Sur.,  p.  18. 
No.  8.  M.  Thompson,  15tb  Annual  Kept.  Ind.  Geol.  Sur.,  p.  30. 
No.  0.  W.  A.  Noyes,  2dth  Annual  Rept.  Ind.  Geol.  Sur.,  p.  106. 


ANALYSES  OF  AtLOPEANB. 


Na/> 


Bfi  Comb. 

40  00 
14.50 


Totel 

100  00 
99.54 


No.         AiO,  A1,0, 

1  20  40 

2  15.71  42.74  .59  26.50 
No.  1.  CoK,  6th  Ann.  Rept.  Ind.  Geol.  Survey,  p.  10. 
No.  2.  Cox,  8th  Ann.  Rept.  Ind.  Geol.  Survey,  p.  156. 

The  allophane  is  a  bluish  colored  mineral  which  occurs  in  the  white  kaolin. 
Sometimes  it  forms  a  layer  of  irregular  thickness  above  sandstone  or  con- 
glomerate masses  in  the  kaolin.  In  other  places  it  is  a  part  of  concretion- 
like  masses  in  the  kaolin.  When  it  is  exposed  to  the  air  it  breakc  down  Into 
the  granular  fom  of  kaolin  and  loses  its  bluish  tint. 


672 


DEPABTMENT  of  Ck>NSERVATION 


THE  GEOLOGICAL  CONDITIONS  OF   OCCURRENCE   OF  INDIANA 
KAOLIN  AND  THE  ASSOCIATED  ROCKS. 

Mode  of  Oeeurrenee.  The  kaolin  of  Indiana  lies  in  beds  apparentiy  mt»* 
stratified  with  sandstones  and  shales.   The  kaolin,  however,  is  more  inregalAr 

in  thickness  and  distribution  than  the  adjoininj;:  beds. 

One  horizon  of  the  kaolin  occurs  at  the  contact  between  the  Chester 
shales  and  tiie  Mansfield  sandstone  of  the  Pennsylvanian.  The  surface  of 
the  Chester  was  eroded  ])!  i()r  to  the  Pcnns-ylvanian  deposition  and  the  Mans- 
field was  laid  down  upon  this  eroded  surface.  The  position  of  the  elevations 
and  depressions  in  this  old  Chester  surface  «an  still  be  determined,  and  it  is 
in  connection  with  the  dcpref^sions  that  the  best  deposits  of  kaolin  have  been 
found.  For  instance,  on  the  Gardner  place  the  contact  of  kaolin  and  Mans- 
field oeetir  at  about  700  feel  above  sea  level,  while  only  one>lialf  mile  south  the 
limestone  of  the  Chester  occurs  at  71)0  feet,  while  one  mile  north  the  Mansfield 
contact  occurs  at  720  feet  above  sea  level. 

The  kaolin  along  the  contact  is  dosely  associated  with  the  Mansfield  sand- 
stone and  with  Chester  shales.  It  always  has  Mansfield  sandstone  above  and 
Chester  shales  below.  In  some  cases  the  kaolin  has  passed  upward  into  the 
sandstone  a  distance  of  as  much  as  ten  fiK^t.  apparently  replacing  a  portion 
of  the  sandstone.  At  uiw  point  below  th^  k.uilin  there  is  a  dark  coloi-ed  clay 
resting  on  Chester  shale.-.  The  daik  colored  clay  contains  quartz  pebbles 
similar  to  those  found  in  the  Mansfield,  and  it  would  seem  that  the  dark 
colored  clay  was  of  Poinsylvanian  age. 

The  kaolin  underlying  the  Mansfield  re-sts  on  the  El  wren  shales  at  some 
points,  on  the  Cypress  shales  at  others,  on  the  Golconda  .shale  at  others,  and 
on  the  Hardinsburg  shales  at  other  points.  In  some  places  the  limestone  above 
the  shalf  was  lomoved  over  a  given  area  and  a  basin  foimerl  by  pre-Fennqrl- 
vanian  erosion.  Some  one  of  the  Chester  shales  forms  the  bottom  of  the  basin 
and  its  walls  are  composed  of  Chester  shales  and  limestones.  Bowlders  of 
limestone,  erosion  remnants,  are  scattered  over  the  surface  of  the  bssin.  This 
bajsin  was  then  tilletl  with  the  Mansfield  sediments. 

Kaolin  in  the  ChtHter.  The  Chester  epoch  of  the  Mississippian  period  in 
Indiana  is  represented  by  a  aeries  of  shales,  sandstones  and  limestones.  All 
except  some  of  the  upp<  i  mrnibrrs  of  the  Cbfst<'i-  jrroup  are  represented  in 
the  railroad  cut  east  of  Uurun.  (Sec  Plate  XXXIII.)  Resting  on  the  Mitchell 
limestone  at'this  place  is  4  or  5  feet  of  Sample  shale  containing  a  thin  layer  of 
coal.  This  is  followed  by  11  fret  of  Beaver  Bend  lime.stone;  followed  by  24 
feet  of  Brandy  Run  shale  and  sandstone;  followed  by  6  feet  of  Reelsville 
limestone;  followed  by  42  feet  of  Elwren  shales  and  sandstones;  followed  by 
1")  feet  of  Krech  rrook  limrstone;  followed  by  G  feet  of  Cypress  sandstone.  At 
Dover  Hill  in  Martin  County  about  30  feet  of  Cypress  sandstone  is  followed 
by  30  feet  of  Coleonda  shales  and  limestones;  followed  by  20  feet  of  Hardins-' 
burg  sandstone  and  shale.-;  followed  by  25  feet  of  Glen  Dean  limestone:  fol- 
lowed by  sandstone,  probably  Tar  Springs,  which  is  followed  by  the  Mans- 
field sandstone. 

The  Chester  contains  kaolin  at  .-everal  horizons.  On  the  George  Cleveland 
farm  in  Oranjre  Coun*\  kaolin  was  found  in  a  cave  lyin^r  beneath  the  Sample 
sandstone  and  resting  on  the  Beaver  Bend  limestone.  The  kaolin  was  formed 
from  a  thin  layer  of  shale  lying  between  the  limestone  and  the  sandstone. 
In  both  Lawrence  and  Monroe  counties  kaolin  occurs  beneath  tlie  Elwren  sandr 
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stone  and  is  formed  from  the  shales  of  that  division  of  the  Chester.  In  Law- 
rence and  in  Martin  counties,  kaolin  occurs  below  the  Cypress  sandstone.  In  a 
cave  in  the  Beech  Creek  limestone  in  Section  I  in  Mitchelltree  township  in 
Martin  County  about  18  inches  of  kaolin  rest.s  on  the  Beech  Creek  limestone 


PUto  XXXIV.    MH.iM-a  of  kirnlin  frnm  iho  (iHirtrnr  mini'.    Two  of  thoite  mBascs  were  pUuitic  and 
sofl  when  icmovcil  ami  ahrinkuue  i-incks  <lcveloii«l. 

and  is  succeeded  above  by  about  5  feet  of  shaly  sandstone  which  in  turn  is 
succeeded  by  25  feet  of  mas.'^ive  Cypress  sandstone. 

Conditiotis  of  the  Outcrops.  Occurrences  of  the  pure  white  kaolin  at  the 
outcrop  are  rare.    Small  particles  of  white  kaolin  are  found  distributed 
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through  the  detritus  covering  the  outcin]),  and  such  oocarrenees  are  not  un* 
comniOD.  The  weathered  portion  of  the  bed  at  and  near  the  dutcrop  consists 
of  a  mahopany  colored  day.  This  mahoKuny  clay  contain*;  small  frapfmenta 
of  the  white  kaolin,  especially  in  the  upper  portion  underneath  .sandstone 
lediies  that  are  fairly  compact  and  unfractured.  The  mahogany  clay  has 
doubtle.ss  in  some  instances  at  least  orijrinatod  from  the  staininp  of  white 
Indianaite  by  oxide  of  iron.  The  olive-green  shales  in  places  are  changed 
into  a  maroon  colored  clay  whidi  passes  into  mahogaajr  coIoMd  clay.  The 
foUowinir  analysis  riiows  the  coraposititm  of  a  sample  of  this  mahogaiqr  di^; 


Strueturat  Features  of  the  Ktu^in.    In  the  mass  the  kaolin  ooeurs  as 

cither  coarsely  jrranular  nia1<'ii;il  or  as  concretionary  or  other  maasos  of 
porcelain-like  appearance.  These  porcelain-like  masses  fracture  into  irregular 
fragments,  exhibiting  on  some  surfaces  a  eonchoidal  fracture.  In  some  places 
the  porcelain-like  matt  rial  exhibit.^  a  wavy  laminated  structure  with  stained 
lines  and  surface.s  that  aire  covered  with  projecting  spherical  masses  of  white 
material  separating  the  layers  of  poi-ce1ain*Iike  kaolin.  In  some  places  the 
porcelain-like  material  piitt-d  with  these  small  white  granules  of  day,  pro- 
ducinjf  an  amyKdaloidal  ^tructure.  These  small  granules  have  about  the 
same  degree  of  hardne^.s  a.s  the  surrounding  kaolin.  Under  the  microscope 
the  porcelain-like  kaolin  exhibits  a  granular  appearance»  tiie  grains  being 
apparently  spherical  in  form  and  in  .some  sections  arranged  in  a  dendritic 
structure.  The  dendritic  ^structure  may  be  due  to  the  loss  of  water  and  con- 
setpient  shrinkage  when  the  section  is  heated  during  its  preparatiooi.  In 

some  places  the  white  kaolin  presents  an  irregular  laminated  appearance. 
This  lamination  seems  to  be  more  clearly  marked  in  the  yellow  clay  than  in 
the  white.  In  some  places  the  day  presents  a  laminated  appearance  due  to  tiM 
presence  of  thin  layers  of  yellow  clay  within  the  white.  (See  Plate  XXXIV.) 
Concretionary  masses  are  sometimes  found  in  the  white  kaolin.  These  vary 
in  sitt  from  a  few  inches  up  to  nine  or  ten  inches  in  diameter.  The  eon- 
centric  layers  are  separated  hy  thin  lines  of  black  and  yellow  stain.  The  white 
kaolin  is,  as  u  rule,  hard,  but  in  some  places  is  soft  and  very  plastic,  re- 
sembling in  appearance  a  white  ball  of  clay.  In  other  places  the  plastic  clay 
is  yellow  in  color  and  is  interst ratified  with  yellow  or  brown  sand. 

Both  varieties  of  kaolin,  granular  and  massive,  occur  in  a  tran.slucent 
body  of  greenish  color.  They  also  occur  in  un  opaque  white  form,  in  which 
form  they  resemble  the  interior  .surface  of  broken  bisque.  The  traaalucent 
form  is,  in  places,  composed  of  a  series  of  small  geodo-like  masses  arranged 


Analysis  of  Mahogany  Clay. 


Silica   

Alumina   

Ferric  oxide  .  . . , 
Manganese  oxide 
Calcium  oxide  . . 
Magnesium  oxide 
Titanium  oxide  . . 

Alkalies   

Volatile  matter  . 


33.04% 
17.33% 
27.96% 
2.22% 
1.52% 
1.11% 
.99% 
1.77% 
18.87% 


Total 


99.61% 
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in  a  generally  horizontal  position.  The  walls  are  about  %  of  an  inch  in  thick- 
ness and  the  diameter  of  the  cavities  from  I/IO  to  I*  of  an  inch.  The  in- 
teriors of  the  cavities  are  lined  with  a  layer  of  milk-colored  kaolin  which  has 
a  mammillary  surface.  The  cavities  are  sometimes  filled  or  partially  filled  with 
rounded  (grains  of  the  .same  material.    In  one  hand  specimen  five  of  these 


Plut<>  XXXVI.   Vcin-liko  m»as  nf  whlto  kunlin  In  sandsitone  in  Ciardner  mine. 

cavities  are  arranged  in  a  line  occupyin>r  a  horizontal  distance  of  two  inches. 
Cavities  of  various  sizes  arc  of  common  occurrences  in  the  Indianaite.  The 
porcclain-like  form  fractures  iri-egularly  and  also  with  a  conchoidal  fracture. 
Its  conchoidal  fracture  resembles  that  of  flint,  and  its  irrejfular  fracture  that 
of  chert.  The  composition  of  a  sample  of  the  mine-i-un  white  clay  is  as 
follows : 


i'tnir  XXXVII.    Trianinilar  muaa  of  undiitone  in  (iardncr  mine  nurrounded  by  white  kaolin. 
Coanio  irraina  of  sand  cemented  with  kaolin. 
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Analysis  of  Mine-run  Sample  of  White  Indianaitc. 


Silica   

Alumina   

Hygrroscopic  water 
Combined  water  . . 
Ferric  oxide  


40.48 
39.60 
5.01 
15.03 
.11 


Total 


100.28 


Layers  of  emurM  or  diMOiiMet«d  massw  of  coarse  sand  or  sandstone, 

stained  with  iron  oodde  and  containinjf  small  particlrs  of  white  kaolin,  occur 
in  many  portkms  of  the  bed  of  kaolin.  (See  Plate  XXXV.)  The  separated 
block  masses  of  sandstone  are  sometimes  almost,  if  not  completely,  summnded 
with  white  In'lianaite.  Occasionally  a  mass  of  sandstone  is  penetrated  by  u 
vein-like  body  of  kaolin.  (See  Plate  XXXVI.)  In  one  instance  a  trian^ar 
piece  of  sandstone  occurs  surrounded  on  all  three  sides  by  white  kaolin.  (See 
Plate  XXX VII.)  In  another  instance  a  dark  laminated  neck-like  body  of  clay 
extends  from  a  floor  of  similar  material  up  into  the  kaolin.  This  clay  contains 
pcUet-Kke  bodies  of  white  clay  which  are  soft  and  plastic  in  situ,  but  hard  and 
granular  when  dry.  This  clay  also  contains  white  quartz  pebble.^  such  as 
are  found  in  the  basal  sandstone  members  of  the  Pottsvillc.  The  clay  has  a 
fetid  odor  similar  to  that  of  muck.  It  also  contains  concretionary  masses  of 
nuueaaite.  At  another  point  in  the  bed  of  kaolin  next  to  the  sandstone  roof 
there  were  white  and  dark  laytr.s  of  kaolin  above,  then  a  layer  of  white,  par- 
tially laminated  kaolin  below,  then  a  four-foot  layer  of  .sandstone  occupying 
the  lower  part  of  the  deposit.  The  sandstone.layer  was  divided  near  its  central 
portion  by  a  vien  of  white  kaolin  extending  throuph  the  four-foot  layer  of 
sandstone.  The  sandstone  layer  has  a  thin  fin  extending  upward  obliquely  into 
the  white  kaolin.  This  fin  is  about  five  feet  in  length  and  one  foot  thick  in 
its  thickest  portion.  ,A.bove  the  lens  of  sandstone  there  are  several  con- 
cretion-Uke  masses  of  kaolin,  the  porcelain-like  layers  of  which  are  separated 
by  dark  stains.    (See  Plate  XXXVm.) 

AxHocinted  Rockit.  The  rock  overlying  the  kaolin  in  all  cases  as  far  as 
ob.servations  have  extended  is  sandstone.  This  sandstone  is  assigned  in  some 
instances  to  the  Pennsylvanian,  in  others  to  the  Mississippian.  The  character 
of  the  layer  in  immediate  contact  with  the  apper  surfaee  of  tiie  kaolin  ia 
variable.  In  some  places  the  roof  is  composed  of  soft  pink  sandstone;  in  other 
places  the  sandstone  is  conglomeratic;  in  other  places  it  is  firmly  cemented 
and  almost  iron  ore  in  eompoeition.  The  underlying  rock  is  in  most  places 
a  shale  or  clay.  In  one  instance  a  small  body  of  white  kaolin  is  completely 
surrounded  with  sandstone.  In  other  instances  there  are  thin  layers  of  sand- 
stone underlying  the  kaolin.  In  some  places  there  are  lens-like  masses  of 
limonite  ocrun  inp  at  the  ba.se  of  the  kaolin.  These  masses  of  limonite  contain 
quartz  pebbles,  characteristic  of  the  Pottsville  formation.  Within  the  mahog* 
any 'day  irregular  eroded  masses  of  limestone  are  sometimes  found.  Micro- 
scopic sections  of  this  limestone  show  it  to  be  highly  fossiliferovs.  Within 
the  kaolin  bed  sandstone,  sand,  conglomerate  and  concretionary  masses  of 
limonite  constitute  the  principal  foreign  materials  of  consequence.  A  sample 
of  the  limonite  taken  turn  the  base  9t  the  kaolin  has  the  fdlowing  composition: 
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Aaalyais  of  Umonite  frmn  Base  «f  Indi«iMite. 

Iron  oxide  

Insoluble  matter   

Loss  on  ignition  


88.78 

2.56 
12.02 


Total 


96.81 


Quantity  of  Indumaite.  A  qnestfon  of  absorbing  intereet  is.  What  is  the 

«iuantity  of  white  day?  It  is  a  question  which  under  the  present  state  of 
development  is  difficult  to  answer.  If  one  were  to  base  his  judj^ment  upon 
tha  nmtfier  of  outcrops  he  would  Im  compelled  to  say  that  the  quantity  was 
large.  If  he  bases  his  jud^ent  upon  the  results  of  the  meager  development 
or  upon  the  visible  quantity  of  mahojruny  clay  ho  would  be  forced  to  a 
similar  conclusion.  After  jroinfr  over  the  greater  part  of  the  field,  the  judg- 
ment of  the  writer  i.s  that  there  is  a  large  quantity  of  clay  of  all  grades. 
In  fact  that  it  undcrlir-j  thou.^ands  of  acre.s  of  land  in  the  counties  mentioned. 
How  much  of  it  is  of  the  pure  white  variety  cannot  be  estimated  from  datu 
which  is  at  hand  at  present,  but  that  the  total  amount  is  large,  is  probable. 


The  question  of  the  origin  of  Indianaite  has  been  the  source  of  much 
speculation  and  discussion.  Two  theorie.s  of  origin  have  been  advanced  in  the 
ireolocieal  literature  of  Indiana. 

The  CohI-AhIi  Theory.  Leo  Lesquereux'  suggested  that  the  clay  wa.s 
formed  by  the  burning  out  of  a  bed  of  coaL  Speaking  of  the  day  near  Dover 
Hill,  he  says:  "On  both  sides  of  the  place  where  this  coal  is  woilced  fliere 
is  a  bank  of  very  soft  ochrous  clay,  a  true  powder,  as  fine  as  flour,  without 
any  trace  of  coal,  though  occupying  exactly  the  same  horison.  It  is  overlaid 
by  a  day  iron  ore,  which  looks  a.s  if  it  had  been  roasted.  I  consider  this 
local  formation  as  the  result  of  the  burning  of  tiie  bank  of  coal  at  places 
where  it  was  oxpo.spd  alonjr  the  creek."  .^s-suminj^,  as  suggested  by  Lesquereux, 
that  the  clay  was  formed  from  the  ash  of  the  coal,  it  would  require  a  bed 
of  eoal,  the  thickness  of  which  would  be  far  beyond  any  recorded  thickness. 
The  coal  bed  which  Lesiqiereux  .suggested  had  been  burned  out  is  Coal  1,  the  • 
ash  of  which  is  generally  well  under  10  per  cent.  Assuming  the  ash  to  be 
10  per  cent,  it  would  require  110  feet  of  coal  to  produce  the  maximum  thick* 
ness  of  kaolin.  If  we  a.s.sume  an  ash  of  25  per  cent  it  would  still  require  a 
bed  of  coal  of  a  thickness  of  44  feet  to  produce  the  maximum  thickness  of 
kaolin.  If  it  be  assumed  that  kaolin  was  formed  from  beds  of  clay  lying 
adjan  nt  to  the  coal,  it  would  stem,  as  suKRested  by  Rels',  that  the  burning  of 
the  coal  would  produce  dehydration  of  the  clay,  evidence  of  which  is  lacking. 
The  writer  has  seen  clays  which  have  been  dehydrated  by  ^e  burning  out 
of  coal  be<is  in  several  .states,  but  he  never  saw  anything  approaching 
kaolinization  of  the  dehydrated  clay.  If  a  bed  of  coal  had  been  burned  out, 
it  would  cause  a  disturbance  of  the  overlying  sandstone,  break  it  up,  fracture, 
fault  and  possibly  brecciate  it.  No  evidence  of  such  di.sturbance  has  been 
detected,  although  the  writer  has  examined  much  of  the  sandstone  roof  above 

*Se«  l*o  lAmiiwrpux's  icport  of  the  (;i'oloKic«l  RcconiwiiiMnce  of  lndi«iM.  I8S2,  p.  S20. 
*8m  Iteia*  Cbva,  ISU.  p.  SSI. 
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tiie  kiolin  whidi  has  already  been  mined.  Moreover,  it  is  probable  that  the 

burning:  of  the  bed  of  coal  in  contact  with  the  sandstone  would  cause  the 
fusion  of  the  ferruginous  sandstones  of  the  latter,  at  least  at  the  point  of 
contact.  No  evidence  of  radi  fusion  exists,  or  even  the  sligheat  evidence  of 
incineration. 

The  writer  examined  the  outcrop  of  kaolin  at  Dover  Hill  and  found  that 
it  lies  at  the  contact  of  the  Mansfield  sandstone  with  the  Hardinsburg  shale. 
Five  hundred  feet  to  the  cast  no  kaolin  is  present,  but  twenty  fet/t  of  sand- 
stone lies  below  the  Mansfifld  and  ten  feet  of  limestone  is  exposed  below 
the  sandstone.  No  coal  occurs  at  the  elevation  or  horizon  uf  the  kaolin,  but 
coal  occurs  on  the  east  side  of  Dover  Hill  in  the  Mansfield  at  a  higher  elevation 
than  the  kaolin.  There  is  a  pink  colored,  coarse  Rrained  .sandstone  overlying 
the  kaolin  on  the  north  side  of  Dover  Hill,  but  about  one^uarter  of  a  mile 


Plnie  XXXIX.    DiiiKram  xhowlnK  nature  of  lb*  Chcater-ManslicU  eonUet  in  Martin  County. 
V«>rtic'al  Hcair  ert-Mtly  cxatfurratrfl.    Lowest  contact  on  the  Elwrra  ihalc  in  thiH  !u>rtlon. 

southwest  there  is  an  outcrop  of  kaolin  at  about  the  same  elevation  underlying 
Mmdstone  containing  limonite.   In  case  of  Imming  out  of  coal  underlying  it 

tho  limonitp  woulc!  havo  lost  its  water  of  crystallization  and  been  converted 
into  hematite.  At  this  point  the  kaolin  occurs  at  the  Mississippian-Pennsyl- 
vanian  contact,  (see  Plate  XXXIX)  bat  the  coal  oecnrs  above  the  contact  in  tite 
Pennsylvanian.  At  Dover  Hill  the  roal  is  hiRhor  than  the  kaolin  when  rofi  ricd 
to  either  sea  level  or  stratigraphical  position.  At  no  place  has  the  writer 
seen  a  coal  bed  near  a  bed  of  kaolin  at  the  same  stratigraphical  horisML 

The  mt  thod  of  making  road  ballast  by  burning  log  heaps,  covered  with  day* 
is  a  familiar  one.  The  material  produced  is  very  similar  to  that  of  the  Mxf- 
drated  clay  or  bnmed-ont  coal  beds.  The  latter  is,  if  anything,  a  little  more 
vitrified.  Burned  clay  ballast  has  been  used  for  years  on  wet  marshy  land.<« 
and  not  noticeably  hydrated.  The  point  west  of  Shoals  mentioned  by  Ashley* 
*8m!  Alhlcy't  23d  AnnuiU  Bcport,  Gaat.  Survey  of  IndUnm  p.  811. 
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is  not  at  the  same  elevation  as  the  coal.  The  kaolin  is  about  seven  feet  hiR-her 
than  the  coal. 

The  kaolin  unHot■lic^^  ma.ssive  conglomeratic  sandstone  and  ha.s  a.sj^ociated 
with  it  nuuises  of  limonite.  Chester  shales  lie  below  the  kaolin,  i<o  it  is  evident 
tiiat  the  kaolin  lies  at  the  eontact  between  the  Mlaidadppiaa  mad  tiie  Pennsyl- 
vanian.  The  coal  occurs  about  500  yards  west  of  the  kaolin  outcrop  and  lies 
between  beds  of  shale.  This  shale  seems  to  belong  to  the  Pennsylvanian.  It 
underlies  a  ledge  of  massive  sandstone  similar  in  appearance  to  that  undw 
which  the  kaolin  lies.  The  Missis.sjppian-Pcnnsylvanian  contact  most  be 
below  this  shale.  The  line  of  unconformity  dips  strongly  toward  the  west 
at  tiiis  point.  The  Icaolin  is  deposited  on  the  Une  of  the  unconformitsr  and 
the  coal  is  deposited  above  the  unconformity,  but  seven  feet  lower  than  the 
luwlin.  Though  it  does  not  occur  at  this  point  it  is  entirely  possible  for 
eoal  to  be  deposited  on  the  line  of  the  unconformity  at  one  point  and  the 
eonditlona  favorable  to  the  formation  of  kaolin  to  occur  at  another  point 
on  the  unconformity.  While  the  kaolii^  of  the  Pennsylvanian  is,  in  all  out- 
crops observed,  connected  with  the  unconlormity,  in  no  case  has  the  coal  been 
dirsetly  conneeted  with  the  unconfomiitjr»  as  at  least  a  few  feet  of  shales 
intervene  between  the  coal  and  the  unconformity.  The  fact  that  limonite 
exists  in  and  above  the  kaolin  at  this  point  increases  doubt  of  the  burned- 
out  eoal  theory. 

Kaolin  occurs  at  three  different  horizons  in  the  Che.<«ter,  ocruninp  under 
the  Sample  sandstone,  the  Elwren  sandstone  and  the  Cypress  sandstone.  In 
one  place  the  kaolin  under  the  Elwren  has  a  thickness  of  six  feet.  Very  little 
coal  occur.>s  in  thr  ("hc-ter  in  Indiana.  A  few  inches  of  coal  oocr. i  at  widely 
separated  points  in  the  Sample  and  in  the  Elwren.  It  seems  an  assumption 
impossible  of  demonstration  that  the  kaolin  of  the  Chester  was  fanned  by 
the  burning  out  of  coal  beds. 

Rvsliluit!  Limextotir  Thcori/.  Thi.«  theor>'  was  aupfrested  by  E.  T.  Cox,' 
who  in  describing  a  geological  section  in  Lawrence  County  containing  kaolin, 
says:  "It  will  be  s«en  from  the  above  section  that  the  day  lies  immediately 
beneath  the  Millstone  prit  or  pebbly  conglomerate  of  the  coal  measure  and 
here  occupies  the  place  of  a  bed  of  Archimedes  limestone  which  is  seen  in  situ 
about  two  miles  southwest  of  the  mine.  The  overlying  sandstone  is  very 
leni  ^Mnous,  and  the  base,  where  exposed  to  the  weather,  has  decomposed 
and  covered  the  clay  in  places  to  a  depth  of  eight  or  ten  feet  with  ferruginous 
sand  and  pebbles.  There  is  a  constant  oonng  of  water  from  this  sandstone 
which  ha.s,  no  douht.  played  an  important  part  in  the  chemistry  of  the  clay 
and  hematite  deposit,  for  though  similar  in  its  chemical  composition  to  kaolin, 
this  clay  differs  phy.<«jcally  and  owes  its  origin  to  an  entirely  distinct  set  of 
causes  and  effects.  While  the  former  is  derived  from  the  decomposition  of  the 
feldspar  of  feldspathic  locks,  such  as  jjranite,  porphyry,  etc.,  the  porcelain  clay 
of  Lawrence  County  has  resulted  from  the  decomposition,  by  chemical  watei*s 
of  a  bed  of  limestone  and  the  mutual  interchange  of  moleeules  in  the  solu- 
tion, brought  about  by  chemical  precipitation  and  affinity.  Where  cavities 
existed  in  the  limestone  at  the  base  of  the  strata,  there  the  chalybeate  water 
found  the  oxygen  to  change  the  carbonate  into  sesquioKide  of  iron,  viiich 
finally  filled  up  the  cavity.  In  places  you  can  trace  the  passage  of  the  fer- 
ruginous water  alon^  irregular  joint.s  in  the  clay  bed,  by  the  iron-stained 

£.  T.  Cox.  «th  Annual  llvport  of  Ihc  G«olo((ic«l  Survey  of  Ind..  1(174,  p.  1&. 
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path  which  it  has  left,  to  the  brown  hematite  ore  which  lies  in  a  mass  at  the 
bottom.  The  largest  beds  of  hydrated  sesquioxide  of  iron  both  in  Eurt^e  and 
America  arc  found  at  the  base  of  the  Millstone  (;rit  and  filling  up  cavities 
in  the  cavemoiis  sub-carboniferous  limestone." 

It  appears  that  the  conclusion  arrived  at  by  Cox,  that  the  kaolin  ba>; 
been  formed  by  the  decomposition  of  a  bed  of  limestone,  "which  is  seen  in 
aittt,  2  miles  southeast  of  tiic  mine,"  is  based  on  an  error.  Tha  Archimedes 
limestone  mentionp<1  lies  about  eiphty  fret  hiirhcr  than  the  position  of  the 
kaolin  because  of  the  unconformity  which  exists  between  the  Chesiter  and  the 
Fennsyhranian  at  this  point.  In  the  basin  in  which  the  Icaolin  lies  more  ^an 
ninet\  feet  of  Chcstei'  rocks  have  been  cut  out.  (Sec  Plate  XL.)  Although 
there  are  in  this  region  numerous  occurrences  of  sandstones  overlying  beds 
of  limestones  and  these  limestones  have  been  and  are  being  decomposed  tinder 
the  influence  of  meteoric  waters,  there  exists  no  evidence  of  the  fonnation  of 
kaolin,  even  in  its  incipient  stages  under  the  conditions  suggested  by  Cox. 
If  the  Icaolin  were  formed  by  a  dissolving  out  of  beds  of  limestone,  underlying 
fBndstone.s,  we  should  expect  to  And  evidence  of  disturbance  in  the  OVerlyinc 
sandstone  layer.   No  evidence  of  such  disturbance  exists. 

The  Mississippian  limestones  contain  a  very  small  amount  of  insoluble 
materials,  perhaps  not  more  than  10  per  cent  at  the  most,  and  it  would  require 
the  decomposition  of  a  bed  of  limestone  of  the  thickness  of  at  least  10  feet, 
in  order  to  produce  the  maximum  thickness  of  kaolin.  It  has  been  suggested' 
that  part  of  the  material  composingr  the  kaoKn  was  brought  down  by  meteoric 
waters  from  the  overlyinp  sandstone.  This  view  seems  to  me  untenable,  be- 
cause there  are  numerous  caves  occurring  in  limestones  in  this  region  which 
have  an  overburden  of  sandstone  and  there  are  no  evidences  of  these  cavities 
being  filled  with  material  brout^t  from  above,  although  there  is  abundant 
evidence  of  percolating  waters. 

The  occasional  oeeurrenee  of  limestone  bowlders  in  eonneetion  with  kadin 
outcrops  is  a  matter  requiring  explanation.  The  writer  believes  them  to  be 
erosion  remnants  left  on  the  surface  of  the  ('hester  shales;  during  the  pre- 
Pennsylvanian  period  of  erosion.  The  facts  that  the  kaolin  is  always  found 
at  the  contact  and  overlying  Chester  shales  and  that  the  limestone  bowlders 
belong;  to  Chester  limestones,  seem  to  support  this  view.  The  cornlitions  are 
represented  in  the  diagram  in  Plate  XLL  In  Section  8,  a  mile  and  a  lialf 
east  of  Huron  on  the  Wilson  farm,  there  is  an  outcrop  of  Beech  Creek  lime- 
stone resting  on  Elwren  shale  with  a  .sprinp  at  the  contact.  Above  the 
limestone  the  Cypress  sandstone  forms  a  structural  terrace  on  which  the 
WHaon  house  stands  at  an  elevation  of  720  feet  above  sea  level.  No  Mansfield 
is  present  at  this  point  and  no  kaolin.  One-fourth  of  a  mile  northwest  of  the 
spring  the  fifteen  feet  of  Beech  Creek  limestone  and  forty  feet  of  Cypress  have 
been  cut  out  and  the  Mansfield  rests  on  a  bed  of  kaolin  which  in  turn  rests 
on  the  Elwrcn  shale  at  an  elevation  of  GCO  feet  above  sea  level.  A  few  lime- 
stone bowlders  have  been  found  in  the  mahogany  clay  associated  with  the 
kaolin.  The  limestone  undoubtedly  gradually  thickens  toward  the  spring, 
where  the  full  thickness  is  revealed.  One  mile  north  of  the  kaolin  the  Mans- 
field rests  on  the  Cj'press  at  an  elevation  of  fi!>5  feet  above  sea  level.  It  is 
evident  that  the  kaolin  has  been  foi-med  on  the  Elwren  shale  in  a  pre- 
Pennsylvanian  basin  or  trough. 

*8w  ThomiMoa,  16«li  Aiunal  Report,  IndiMW  Gaolaclad  Snrver,  ISM.  p.  St. 
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Kaolinization.  Were  such  deposits  of  white  kaolin  as  those  of  Indiana  to 
oeear  hi  regions  of  profound  crustal  disturbance  and  vuleanism,  no  time  would 
be  lost  in  assi>,'ning  their  orijjin  to  hydrothermal  action.  But  whm  the  geo- 
logical occurrence  does  not  justify  a  belief  in  hydrothermal  conditions  the 
problem  assumes  a  more  difficult  aspect.  Upon  the  df  soorery  of  such  deposits 
in  practically  undisturbed  sedimentary  rocks  one  is  naturally  inclined  to 
assign  their  origin  to  weathering,  the  chemical  action  of  meteoric  water  or 
possibly  the  refinements  of  selective  deposition.  So,  for  Cox  to  appeal  to 
the  weathering  of  limestone  as  the  origin  of  the  Indiana  kaolin  was  natural, 
as  it  was  also  for  the  Thompsons  to  support  him  in  this  view.  Weiss'  empha* 
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Pht*  XUn.    DiiiKi'xni  showiiiv;  (  nutour  liiiiv.  >linuh  >\\\  tlu'  Chi!>tfi-Mnii9(i<  lil  OOfltlUt  CHt  flf 
Hurnn.    Omtour  inlvrviil  20  feet.    Kimlin  necurs  in  th<-  baitin. 

sizes  the  importance  of  moor  waters  as  agents  of  kaolinization,  asserting  that 
they  contain  all  the  necessary  compounds,  such  as  carbon  dioxide  and  organic 
matter,  while  oxygen,  which  is  detrimental  to  the  process,  is  absent. 
To  confirm  this  view  experimentally,  he  jimcoeds  as  follows: 
He  introduced  50  grams  each  of  a  greenisli  and  of  a  yellow  clay  in  separate 
flasks  of  6  liters  capacity,  to  which  flasks  a  mixture  of  moor  water  and  dis- 
tilled water  was  added.  Ho  passed  carbon  dioxide  through  one  flask,  and  to 
the  other  he  added  grape-sugar  and  yeast  to  bring  about  fermentation,  thus 
generattnir  carbon  dioxide.  In  the  later  experiments  the  moor  water  was  re- 
placed by  an  extract  obtained  from  the  tieatnicnt  of  fresh  ptat  with  dis- 
tilled water.  The  flasks  were  kept  at  a  temperature  of  45°-50''  and  shaken 
dally  for  a  period  of  nine  wedn.  The  sedimenta  were  removed,  washed  with 
diatiDed  water,  and,  on  analysis,  the  following  results  were  obtaliied: 
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Ydlow  Clay. 


Original 

.Samplp  treated 

Sample  treated 

material 

with  moor  water 

with  grape-sugar 

(dried) 

andCOt 

and  yeast 

SiO, 

(A)  60.90 

(B)  f.2.80 

<C)  62.15 

A1.0. 

24.74 

30.84 

29.84 

Fe,0, 

4.61 

1.14 

1.64 

CaO 

3.05 

0.60 

1.69 

MgO 

2.43 

1.70 

1.49 

Na,0 

2.05 

1.00 

0.88 

IW) 

8.20 

2.40 

8.08 

100.98 

100.48 

100.78 

rbte  XLII.   Diksnim  Bhowing  a  pre-FenntylfaalBB  ImIb  mend  la  tke  Cltcater  iMrthaut  ol 
Dover  Hill  In  Martin  County.  Contimn  dmwn  «n  Uw  coalMt.  ConUmr  intcnrnl  SO  feet. 


Greenish  Clay. 


SiO.. 

(D)  56.85 

(E)  66.22 

(F)  r,.'-,,io 

AlaO. 

30.22 

34.90 

a5.80 

Fe^ 

2.82 

1.26 

1.04 

CaO 

2.18 

2.1.'? 

2.01 

MgO 

2147 

2.05 

2.10 

NaiO 

2.26 

0.97 

1.60 

KiO 

8.72 

8.20 

2.60 

100.62 

90.72 

100.16 
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The  ratio  of  ahuninium  oxide  to  silicon  dkadde  in  the  above  sample 

is  as  follows: 


(A) 

Al^.  ; 

:  SiO, 

40.62  : 

:  100 

(B) 

A1,0.  ; 

;  SiO, 

I'.i.ll 

:  ion 

(C) 

A1,0,  ; 

;  SiO, 

48.03  ; 

:  100 

(D) 

A1.0,  ; 

:  SiO. 

53.16 

:  100 

(E) 

A1,0,  : 

;  SiO, 

63.20  : 

;  100 

(F) 

AkO.  : 

;  SiO. 

64.97  ; 

:  100 

As  seen  fiom  the  piecedinp  analyses,  the  silica  rontont  of  the  samples 
decreased  on  treatment.  But  the  moist  remarkable  thing  has  been  the  increase 
in  the  proportion  of  alumina  to  silica  on  treatment,  thus  showlnir  that  the 
clnys  wfif  approaching  the  composition  of  kaolin.  The  yellovs'  clay,  when 
IcaoUnixed  by  the  process  descrilied,  approached,  at  its  final  stage,  the  com- 
position of  the  greeniBh  clay,  while  the  latter*  whkh  was  naturally  nearer 
kuolin,  passed  through  a  higher  stage  of  Icaolinisation. 

It  should  be  noted  that  the  method  of  procedure  of  Weiss  in  these  experi- 
ments made  possible  the  introduction  of  bacteria,  since  they  were  undoubtedly 
present  in  the  moor  water  and  the  fresh  peat,  and  that  these  bacteria  may 
have  been  partly  or  wholly  the  apents  of  kaolinization. 

Biu-ckeiaicul  Theory.  From  a  study  of  cundilionH  in  the  field  and  from 
investigatkms  eendueted  by  the  wrltor  in  the  laboratmy,  he  is  led  to  snmicst 
another  theory'  of  origin  for  the  Indiana  kaolin.  He  i.s  not  unawaie  of  the 
fact  that  there  are  conditions  existing  which  are  difficult  of  explanation  under 
the  suggested  hypothesis,  but  he  believes  they  are  less  difficult  of  explanation 
than  under  thnsr  which  have  born  prnposetl  pi'eviously. 

Stratigraphicai  Cmtdititmu.  The  kaolin  deposits  of  Indiana  are  confined 
to  the  Chester  division  of  the  Mississippian  period  and  to  the  Mansfield  division 
of  the  Pennsylvanian. 

The  Chester  formations  of  the  Mississippian  period  in  Indiana  consist 
of  a  series  of  shales,  sandstones  and  limestones.  The  following  section  exhibite 
the  usual  stratigraphic  conditions  and  relation  to  the  overiying  Pennqrlvanian: 


Chester-Manslield  Section. 

Saadstone,  eoarae  grained,  quartz  pebbles,  iron  ore  (Mansfield)  100-200' 

Unconformity — Kaolin  in  places.  ,   0-11' 

Sandstone,  fine  grained,  massive  (Tar  Springs)   30-45' 

Limestone  (Glendean)    1&-26' 

Sand.stone,  ripple  marked,  thin  bi  rlded  (Hardinsburg)   25' 

Limestone  with  shale  (Golconda)   60' 

Sandstone  with  shale  (Cypress)   20*85' 

Limestone  breaking  into  irregular  blocks  (Beedi  Creeik)   12-16' 

Sandstone  and  shale  (Elwren)   30-60' 

Limestone  weathering  red  (Reelsville)   4-10' 

Sandstones  and  shale  (Brandy  Run)   20-50' 

Limestone  (Beaver  Bend)   10-14' 

Sandstone  and  shales  (Sample)   25' 

Umeetoae  (Mitchell)   


The  Mansfield  may  rest  at  a  givoi  point  tm  any  one  of  the  formatitms 
of  the  Chester.  The  Une  of  the  unconformity  Is  very  steep  In  places,  bdng 
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num  than  one  hnndred  feet  to  the  mile.  For  instance  in  section  28,  in  Spice 

Valley  Township,  in  Lawroicc  County,  at  the  north  line  of  the  section,  the 
Maiwfleld  rests  on  the  Elwren  shales  at  an  elevation  of  700  feet  above  sea 
levd«  while  only  one-half  mile  south  the  Gokonda  Ihncstone  ocevn  at  the 

surface  at  an  elevation  of  790  feet  above  sea  level.  Kaolin  has  been  found 
alonsr  the  contact  whei-e  the  Mansfield  rests  on  the  shales  of  the  Golconda, 
the  HardinsburK,  the  Cypress,  the  Elwren  and  the  Sample.  (See  Plates 
XL,  XLI,  XLII  and  XLIII.) 

Thrso  shales  are  of  highly  aluminous  character,  as  the  analyses  of  the 
following  samples  show: 

Analyses  of  Samples  of  Chester  Shale. 

Conhtituents                       No.  1  No.  2  No.  3  No.  4  No.  5 

Silica                                    61.84  64.67  68.40  68.68  69.67 

Alvntinum  oxide                         18.38  18.67  20.70  21.39  19.75 

Iron  oxide                                   4.76  6.22  C.58  6.22  7.32 

Calcium  oxide  70  .10  .15  .14  .20 

Maprnesia                                     1.94  .65  .86  .82  1.02 

Alkalies                                      .^.94  2.62  3.16  2.59  2.42 

Loss  on  ignition                         10.04  7.17  8.89  8.90  8.60 

Snlphor  trieodde    tr.  1.26  1.26  1.02 

Total   101.00      100.00      100.00      100.00  100.00 

Unweathemi,  the.se  clays  are  of  an  olive-green  tint,  but  under*  the  action 
of  weathering  agents  they  assume  a  maroon  color.  The  maroon  color  is  prob- 
ably produced  by  an  iron  stain  which  i.s  formed  by  the  oxidation  of  pyrite  in 
the  shale.  Under  certain  conditions  the  maroon  shale  is  changed  to  a  deeper 
red,  mahogany  colored  clay.  The  mahogany  clay  often  contains  small  particles 
of  white  kaolin. 

The  composition  of  a  sample  of  the  mahogany  clay  is  given  in  the  fol- 
lowing analysis: 

Analysis  of  a  Sample  of  Mahogany  Clay. 

Constituents  Per  Cent 

Silica  88.04 

Alumina   ...17.38  • 

Ferrie  oxide  .'..27.96 

Manganese  .  2.22 

Calcium  oxide   1.62 

Magnesium  oxide   '..  1.11 

Titanium  oxide  .69 

Alkalie.s    1.77 

Volatile  matter   13.87 

Total   99.51 

During  the  erosional  period  in  the  Mis.^issippian.  larjce  quantities  of  tlfis 
mahogany  clay  and  the  underlying  shale  were  removed,  bleached,  s<Mnewliat 
purified  and  redeposited  with  organic  matter.  The  same  process  oecnmd 
during  the  erosional  period,  existing  between  the  emergence  of  Hw  Missilh 
sippian  and  the  deposition  of  the  Pennaylvanian. 
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I>ttriiig  the  early  stages  of  ^  Peimsylvanian,  depositions  of  a  portion 
of  these  clays  were  worked  out,  sorted  and  redepositcii  ulonK  with  organic 
matter.  These  deposits  of  clay  were  further  purified  by  a  bio-chemical  pro- 
cess, mentioiMd  later.  The  metiiod  of  separation  of  the  inire  Indlanatte  from 
the  impure  clay  was  revealed  in  one  locality  of  Lawrence  County,  where  there 
is  a  bed  of  kaolin  overlying  a  bed  of  dark  colored  laminated  clay,  containing 
small  glohules  of  the  soft  white  kaolin.  The  white  elay  appears  to  be  eom> 
posed  of  minute  granules,  and  to  have  been  x-cieted  by  tninn-or^Miiisms.  The 
metliod  of  deposition  of  a  part  of  the  kaolin  in  this  paiticular  instance  seems 
to  be  somewhat  as  follows:  The  porous  layer  of  daHc  colored  clay  becomes 
filled  with  water  from  the  surface  and  the  secreted  kaolin  is  carried  upward 
and  is  deposited  against  the  lower  surface  of  the  kaolin  bed  as  the  water  is 
evitporated.  Gradually  the  layer  of  white  kaolin  becomes  thick  by  the  con- 
stant addition  of  material  to  the  underside.  The  porous  nature  of  the  kaolin 
permits  the  free  passa^re  of  the  water  upward,  so  that  the  process  is  not 
checked  even  after  there  has  been  considerable  accumulation  of  the  kaolin. 
The  Irregularity  of  the  depoeltlonal  surface  is  conspicuous  and  will  assist  in 
explaining  the  irreprlar  structures  occurring  in  the  kaolin. 

The  white  granules  of  kaolin  which  occur  in  the  clay  may  be  produced 
by  tb^  action  of  aluminium  sulphate  or  ferro-alumininm  sulphate  upon  quarts 
sand  and  pebbles  in  the  clay,  hut  a  lai  Re  part  of  it  is  probably  di  o  to  bac- 
terial elaboration,  as  will  be  e:(plained  later.  There  is  also  another  source 
of  the  kaolin.  When  during  periods  of  humidity  an  abundant  supply  of  water 
is  brou);ht  in  contact  with  the  clay  containing'  the  aluminium  sulphate  and 
the  latter  rises,  comes  in  contact  with  beds  of  sandstone  amd  is  converted  into 
Indianaite. 

Thi  ferro-aluminii  m  sulphate  i.s  prwlucerl  by  the  oxidation  of  pyrite  in 
the  shales  or  in  limestones  included  in  the  slial(  h,  ;is>i-tcd  by  the  action  of 
bacteria.  By  the  oxidation  of  pyrite,  sulphuric  ucid  and  ferrous  sulphate, 
melanterite  is  formed.  The  sulphuric  acid  attacks  the  aluminium  silicate  of 
the  clay,  forming  alunoj^en,  hydrous  aluminius  sulphate,  (Al:(SO.)i,  I8H3O). 
This  compound  has  the  following  composition:  Suphur  trioxide  36  parts, 
alumina  16 J  parts,  water  48.7  parts.  The  melanterite,  hydrous  ferrous  sul- 
phate, (FeSO..  7H,0)  is  composed  of  sulphur  trinxidn  28.8  parts,  iron  protoxide 
25.9  parts,  water  45.3  parts.  Both  of  these  minerals  are  readily  soluble  in 
cold  water,  and  it  seems  that  they  are  absorbed  by  sulphur  bacteria,  robbed  of 
part  of  their  sulphur  and  possibly  secreted  as  a  ferro-aluminium  compound 
such  as  halotrichite  (FeSO,Ali(SOi)i,  24H/)),  the  composition  of  which  is 
sulphur  trioadde  84,5  parts,  alumina  11  parts,  iron  protoxide  7.8  parts,  water 
4C.7  parts.   (See  Plate  XLIV.) 

Changm  to  the  Silicate.  The  halotrichite  is  carried  by  water  until  It 
comes  in  contact  with  sand  or  sandstone,  where  it  is  changed  into  hydrous 
aluminium  silieate.  This  change  may  he  brought  about  by  the  action  of  the 
halotrichite  on  very  fun'ly  ilivided  silica  or  it  may  be  produced  by  the  action 
of  silicic  acid,  which  is  brought  down  from  the  sandstone  by  percolating 
waters,  or  by  the  daboration  of  bacteria. 

Experiments  with  Halotridilte. 

Experiment  I.  Halotrichite  was  collected  from  the  edge  of  the  pan  in 
W}»9h  black  clay,  containing  pyrite  and  bacteria  was  placed.  The  halotrichite 
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was  dissolved  in  watei',  to  the  solution,  water  frlass  was  added,  and  the  green- 
ish white  precipitate  was  obtained.  This  precipitate  was  washed  with  dilute 
hydrochloric  acid  and  water,  and  a  white  f^ranular  crystalline  powder  was 
obtained.    Thi.-;  powder  was  tested  for  aluminium  with  the  cobalt  nitrate  solu- 


I'IhIi-  XLIV.    Aluminum  KulphMU-  fn>ln  btack  clay  pnKHinx  through  i«Bnd<<tonc  and  collcctinK  on 

ui>|iiT  nuifarc.  also  on  watlii  of  i>»n. 

tion,  and  the  characteristic  blue  color  was  obtained.  By  the  hydi-ochloric 
acid  test  and  the  borax  bead  test  the  presence  of  silica  was  determined. 

KxpeHment  II.  Halotrichitc  was  di.ssolved  in  water  and  silicic  acid  was 
added  to  the  solution.  A  white  precipitate  was  obtained  which  gave  reaction 
for  both  alumina  and  silica. 

Experiment  III.  Halotrichite  was  dis.solved  in  water  in  a  glass  beaker, 
in  which  broken  fragments  of  quartz  crystals  were  placed.    The  solution  was 
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allowed  to  stand  for  three  days.  At  the  end  of  that  time  a  ycUow  stain  wa» 
notkeable  in  the  liquid  and  a  slight  precipitation  occurred  in  the  bottom  of 

the  beaker.  The  precipitate  was  filtered  out  and  washed  with  dilute  hydro- 
chloric acid  and  water  to  remove  the  yellow  iron  stain.  The  test  was  then 
made  for  almnina  and  silica  and  both  were  found  to  be  present  The  forma- 
tiwi  of  kaolin  was  more  rapid  when  bacteria  were  present. 

E.ri'rriiiniit  IV.  Some  very  fine  sand  was  plared  in  the  bottom  of  a  jjlass 
beaker,  water  was  poured  over  the  i»and  and  some  halotrichite  was  dii<solved 
in  the  water.  Bacteria  were  added  after  the  solution  had  stood  for  a  few 
days,  a  yellowish  whitt  preciiiitate  wa.s  notireable  on  the  .surface  of  the  <»n(\. 
The  pi-ecipitatc  gave  reactions  for  alumina  and  silica.  From  time  to  time 
soil  water  was  added  and  in  the  course  of  two  months  the  sand  had  almost 
disappeared  and  kaolin  had  taken  its  place. 

Kxiii  riiiK  tit  \'.  Some  of  the  black  clay  which  had  contained  bacteria  was 
placed  in  a  tflu».-  tumbler,  water  wa^  added  and  a  colony  of  bacteria.  A  raund 
piece  of  sandstone  was  fitted  in  the  upper  part  of  the  tumbler  above  the 
M  rface  of  the  water.  The  halotrichlte  which  u  a  formed  pa.<5sed  through  the 
sandstone  and  formed  an  incrttsttng  mass  cn  top  of  it.  A  white  granular 
substance  friving  reactions  for  both  alumina  and  silica  was  formed  on  the 
.jpper  surf.irc  of  the  .sand-tone  after  standing;  many  weeks.  It  wa.s  found  that 
the  ferro-aluminium  sulphate  was  drawn  upward  along  the  surface  of  glass 
tubes  to  a  height  of  more  than  two  feet  almve  the  surface  of  the  solution  in 
the  vessel. 

An  experiment  was  conducted  by  the  writer  which  demonstrated  a  prob-' 
able  mode  of  deposition  of  a  portion  of  the  kaolin.  Into  a  pan  of  enomelware 
he  placed  some  of  the  dark  colore<l  clay,  taken  from  beneath  the  layer  of 
kaolin  and  covered  the  clay  with  distilled  water  to  a  depth  of  an  inch.  The 
pan  wa.s  then  placed  in  a  room,  the  temperature  of  which  was  kept  at  about 
70  degrees  Fahrenheit.  In  the  course  of  time  a  deposit  of  white  and  biniah- 
ffrcen  colored  fen  o-aluminium  .«ulphate  was  depo.sited  in  a  rinp,  ju.et  above 
the  water,  on  the  inside  wall  of  the  pan.  The  rate  of  deposition  varied  at 
different  points,  so  that  the  ring  of  deposited  sulphate  was  very  irregular  in 
form,  the  irregularity  extendinp  to  all  si  rfaces.  The  deposition  of  the  .sul- 
phate in  no  way  seemed  to  interfere  with  the  evaporation  of  the  water,  which 
probably  passed  fteely  through  the  sulphate  because  of  its  porous  nature. ' 

Later,  a  further  experiment  wa>  tried.  Three  holes  were  drilled  in  a 
thin  piece  of  sandstone;  into  these  holes  three  wooden  pegs  were  inserted.  The 
table  thus  formed  was  placed  on  it.s  pegs  in  the  pan  containing  the  dark  colored 
clay.  The  lower  portion  of  the  sandstone  wa.-  si  parated  from  the  day  by  the 
Space  of  one  inch.  Water  was  then  poure<t  into  the  pan  until  its  level  stood 
not  quite  to  the  top  of  the  sandstone.  The  pan  wa.s  placed  under  the  same 
conditims  as  before,  and  in  the  course  of  24  hours  sulphate  began  to  make 
its  appearance  upon  the  top  of  the  sandstone.  During  the  next  24  hours  it 
had  formed  little  muund.s  and  pinnacles,  one-fourth  uf  an  inch  high,  on  the 
top  of  the  sand-tone.  (See  Plate  XLIV.)  In  the  course  of  a  few  days  it 
had  obtained  a  thickness  of  one-half  inch.  Little  globular  masses  were  formed 
on  the  upper  surface  of  the  sulphate.  Surfaces  of  these  globules  (Sec  Plate 
XLV)  were  covered  with  spine>like  projections.  On  a  portion  of  the  surface 
of  the  pan  a  botryoidal  form  of  the  sulphate  was  deposited.  The  grape-like 
masses  were  not  smooth  and  they  were  united  at  their  bases  to  a  massive 
layer  of  sulphate  which  was  attached  to  the  surface  of  the  pan.   When  the 
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m&ss  of  sulphate  collected  on  the  side  of  the  pan  became  heavy  enough  to 
draw  away  from  the  pan  slightly,  and  fresh  water  was  added  to  the  clay  in 
the  pan,  fresh  sulphate  was  deposited  in  a  film,  stretching  between  the  old 
deposit  and  the  surface  of  the  pan.  The  film  consisted  of  a  translucent  con- 
vex layer  of  pearly  luster  with  its  surface  covered  with  lines,  like  lines  of 
growth,  running  longitudinally  and  transversely. 

The  sulphate  which  accumulates  when  the  black  clay  from  beneath  the 
kaolin  is  placed  in  water  seems  in  its  physical  properties  to  correspond  to 


Plate   XLV.     Mierophntotriaph    of    forrn-aluminuni    sulphate    collcvlc<l    fiom    blark    rlay  by 

fVHiHinttioii. 

some  of  the  varieties  of  halotriehite,  though  it  may  be  only  a  mixture  of 
melanterite  and  alunogen.  The  accumulated  sulphate  may  vary  in  composi- 
tion with  the  abundance  of  melanterite  and  alunogen. 

A  sample  of  the  sulphate  was  analyzed  by  Dr.  II.  E.  Lyons  with  the 
following  results:  "The  crushed  material  heated  to  125°C  sinters  together 
and  changed  to  chocolate-brown  color.  Dried  at  145''C  the  mineral  suffered  a 
loss  of  31.52%  (expelled  water).  Not  all  of  the  water  i.s  expelled  at  14r>'C. 
Ignited  over  a  blast,  the  mineral  suffered  a  loss  of  75.6l7f  (water  and  sul- 
phur trioxide)." 

Analysis  of  Sulphate. 

7r  Calculated 


Found 
Ferric  oxide  (Fe^Oj) 
Alumina  (A1.0,) 
Sulphur  trioxide  (SOi) 
Water 


19.35 
5.73 
33.84 
41.08 


FeSO, 
Ah(SO.). 
Free  H,SO. 


% 
38.70 
19.21 
1.23 


Total 


100.00 
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The  mineral  was  formed  and  cnllpcted  in  tht>  air  and  i<  lown  in  prr  cent 
of  alumilia  than  halotrichite.  It  corresponds  in  composition  more  nearly  to 
the  ndneral  coqu^bite  when  a  part  of  its  iron  is  replaced  by  aluminium.  This 
mineral  i.H  a  grreenisfa  or  yellowish-white  mineral  which  is  soluble  in  cold 
water  but  which  precipitates  iron  hydroxide  when  the  solution  is  heated.  The 
Fulphate  first  collected  from  the  black  clay  is  readily  .soluble  in  cold  water 
and  does  not  precipitate  iron  hydroxide.  After  pyrite  is  added  to  the  black 
ciay  in  order  to  keeyi  up  the  deposition  of  the  svilphate  the  mineral  deposited 
ii  i»olubIe  in  cold  water  and  precipitates  iron  hydroxide  on  heating. 

In  the  presence  of  free  oxyfen  the  ferrous  sulphate,  FeSO«  may  be 
(Mcidiaed  to  ferric  sulphate^  Fei(SO«)n  as  follows: 


Those  portions  of  the  black  clay  deposits  deq>ly  buried  may  contain 

iron  only  in  the  ferrous  state  and  such  compounds  as  halotrichite  may  be 
present.  In  the  prebence  of  free  ox^'gen  the  ferric  compound,  coquimbite, 
mifirht  be  formed. 

N'ear  the  oiitsirlo  of  the  deposit  the  ferric  sulphate,  in  the  presence  of 
water,  might  produce  limonite  as  follows: 


Liroonite  is  found  undei-neath  the  white  kaolin  near  the  outcrop  in 
the  north  Gardner  mine. 

The  sulphur  which  is  stored  by  the  bacteria  may  be  converted  into  sul- 
phuric acid  as  follows: 


This  reaction  could  occur  only  where  there  wjis  sufficient  free  oxygen  for 
the  oxidation  of  ferrous  sulphate  to  ferric  sulphate.  Whether  enough  oxygen 
for  this  purpose  would  be  set  free  by  the  bacteria  in  the  rediietioii  of  eulioa 
dioxide  is  doiihtful.  The  sulphur  might  be  converted  into  hydrogen  sulphide 
and  this  oxidized  to  sulphuric  acid. 

It  may  be  araumed  that  the  amount  of  water  present  fluctuates.  With 
abundance  of  water  it  is  ]i(is>i)ili'  for  the  fci  rir  <i  lphate  tO  break  up  into 
ferrous  sulphate,  sulphuric  acid  and  oxygen  as  follows: 


Dark  Colorid  Chn/  I'n  uciiih  flu  Kfiolin.  The  v\ny  which  lies  beneath  the 
kaolin  is  bluish-black  when  wet  and  grayish-bluck  when  dry.  (See  Plate 
XLVI.)  The  gray  oolor  of  the  dry  clay  is  due  to  tfie  evaporatien,  bringins 
the  soluble  salts  to  the  outer  surface.  In  structure  it  is  slijrhtly  laminated. 
The  laminated  appearance  seems  die  to  a  change  in  color  rather  than  to  a 
material  change  in  the  sixe  of  grain  or  composition  of  the  clay.  The  laraims 
consist  of  lipht  and  dark  bands.  The  li^'ht  bands  aic  not  always  continuous 
but  are  made  up  of  lens-like  masses  with  tlieir  longer  axes  in  the  same  general 
plane.  The  day  when  dried  forms  hard  masses  which  do  not  show  as  many 
.shrinkage  cracks  as  ordinary  clay.  Generally  speaking,  there  will  be  one 
or  two  large  cracks  to  a  mass  of  clay  lour  inches  in  diameter.  The  streak 
of  the  day  is  gray  in  oolor.  The  aatfaoe  of  Hie  dry  clay  may  be  polished 


6FeSO.+80+8H,0=2F^(SO«).+Fei(OH), 


Fc,(SO.),  r6H.0^2Fe(OH),+3H,SO. 
4Fe(OH),-2Fe.O.  f6H:0  -2Fe.OW  3H:04^3H.O 


2S  f6Fe,(S0.).  I  8H.O-12FeSO,+8H:SO. 


Fe.(S().),  :  H,0    2FeS0.  \  H  SO.  fO 


696 


Department  of  Conservation 


to  a  smooth  shiny  surface  by  rubbing  the  clay  on  an  oilstone  without  the  use 
of  oil  or  water.   The  polished  surface  is  black  with  white  irrcRulnr  particles. 


 F 

Plate  XLVl.     Blnrk  clay  from  benoBth  kuolin  in  Cnrdnor  mine.    Kcsix  on  Elwrrn  fihalp  nnii 

rontairiK  pyiitt'  hihI  Milphur  Imrtoiia. 

irreifularly  distributed  on  the  .smooth  surface.    The  spt'cific  jiiavity  is  1.78. 
Foreign  Matter  in  tlu-  Black  Cluy.    An  examination  of  the  black  clay 
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underlyinfr  the  kaolin  revealed  the  presence  of  considerable  forei^  material. 
Both  orjranic  and  inorpranic  substances  were  found. 


I'Inte  XI. VII.     y\u.  A    Qtiiiilx  piliiili'^  rnim  tilnrk  rln>.     Nnti'  ctrhnl  and  eorroH«i  iiurfHCCS. 


Plate  XLVll.    V'm.  It  -NcmIuIc;.  of  mHrca.^itf  frnm  black  <'Lay  bcni'Hth  kaolin.    .Source  of  the 
Bulphuric  acid  piuducini;  aluminium  -lulphntc. 
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Quartz  Pebblat.    The  blade  clay  contains  pebbles  of  milk-white  quarts. 

(See  Plate  XLVII.)  The  pebbles  vary  in  size  from  that  of  a  pea  to  that  of  a 
plum  pit.  The  surface  of  some  of  the  pebbles  is  etched  and  corroded,  and 
they  are  moie  brittle  than  the  pebbles  in  other  parts  of  the  Mansfield.  There 
seems  to  be  (luite  a  marked  difference  between  the  pebbles  contained  in  the 
Mansfield  sandstone  which  has  not  been  penetiated  by  solutions  fiom  the  black 
clay.  The  pebbles  in  size,  shape  and  composition  resemble  those  in  the  Mans- 
field sandstone  tvki^  lies  alM^e  the  black  clay.  Since  no  pebbles  have  been 
found  in  the  Mississippian,  it  crnis  evident  that  the  black  clay  belongs  to 
the  Pennsylvunian,  but  the  shale  below  the  black  clay  is  undoubtedly  of  Missis- 
sippian age,  since  it  contains  the  same  characteristics  as  the  Elwren  shale 
which  lies  brtwcon  beds  of  Mississippian  limestone  in  the  same  stratiKraphical 
horizon  both  north  and  south  of  this  point.  * 

Mareasite  Concrtiionx.  Irreirular  concretions  of  marcasite  were  found  in 
the  clay.  They  are  jrenerally  elongate  bodies,  some  are  kidney-shaped  and 
.«ome  in  the  fonn  of  sp!ierical  bodies  of  small  size.  All  of  the  concretions 
exhibit  evidence  of  decomposition.    (See  Fig.  B,  Plate  XLVII.) 

Miea.  Small  flakes  of  mica  of  the  musoovite  variety  appear  in  some  layers 
of  the  clay  but  the  quantity  ie  small  and  is  not  greater  than  that  usually  found 
in  the  Chester  shales. 

Organic  Matter.  The  organic  material  foi  nd  in  the  black  clay  underlying 
the  kaolin,  besides  the  bacteria,  includes  lignitic  material  which  in  usually  in 
a  ver>'  finely  divided  state.  This  organic  matter  is  probably  responsible  for 
the  dark  color  of  the  clay. 

White  Clay.  Small  masses  of  white  clay  also  occur  in  ma.sses  of  black 
clay.  These  are  frenerally  spherical  in  form  and  plastic.  As  seen  under  the 
microscope,  the  spherical  masses  arc  compovrrl  of  pranules.  It  is  <lifTicult  to 
separate  the  spherical  particles  of  wiiite  clay  completely  from  the  dark  clay 
matrix.  The  composition  of  a  number  of  these  white  particles^  separated  as 
completely  as  possible  from  the  matrix,  is  as  follows: 

Analysis  of  White  Clay  Bodies. 

Per  Cent 


Silica  (SiO,)   41.82 

Ferric  oxide  (FeiO.)   29 

Aluminium  oxide  (AhO,)  32. M 

Titanium  oxide  (TiO>)  04 

Calcium  oxide  (CaO)  40 

Potash  (K,0)   12 

Soda  (Na.O)   trace 

Sulphur  trioxide  ( SO. )  00 . 066 

Loss  on  ignition  18.47 


Total   9:<.87r> 


White  Quartz  Hand.  A  few  thin  layers  of  white  quai-tz  sand  wefe  found 
in  the  dark  colored  day.  Grains  of  white  kaolin  occur  surrounding  tiie  sand 
grains.  Two  adjacent  layers  were  examined,  each  about  one-half  inch  thick. 
The  upper  layer  contains  only  a  small  quantity  of  kaolin  and  a  larger  quantity 
oi  q:oatte  sand.  In  the  lower  layer  the  conditions  were  reversed. 
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Ferro-Aluininiuin  Sulpfutte.  When  placed  in  water  a  .soluble  feiro- 
aluminium  sulphate  was  derived  from  the  black  clay.  This  compound  col- 
lected on  the  walls  of  the  vessel  about  an  inch  above  the  surface  of  the  water. 
Its  behavior  is  different  from  alunofcen,  which  may  be  produced  by  treating 
kaolin  with  sulphuric  acid.  The  latter  forms  a  white  incrustation  w^hich 
gradually  creeps  over  the  cdpe  of  the  containing  vessel  and  falLs  off.  The 
former  is  ijreenish-white  in  color,  foi-ms  irregular  globular  bodies  and  does 
not  advance  beyond  the  edge  of  the  vessel.  It  is  readily  soluble  in  cold  water 
and  may  be  precipitated  by  the  addition  of  ammonium  hydroxide. 

Yelluir  Cluy.  Not  all  of  the  under-day  is  black  in  color.  Some  of  it  is 
yellow  and  resembles  in  structure  the  mahogany  clay,  but  is  much  lighter,  as 


riate  XLVIII.    Fir.  A    Sulphur  burti  ria  tiikm  from  black  clay  b<-Ticuth  while  kaulin.  Enlarged 
1,800  diamctera.     Mineral  matter  in  cells  and  bIohk  filaments. 

though  it  had  been  bleached.  The  yellow  clay  seems  to  be  an  intermediate 
form  between  the  black  clay  and  the  .shale  which  lies  below. 

Bacteria.  The  water  .surface  above  the  clay,  after  it  has  been  placed  in 
water  and  allowefl  to  settle,  is  clear  and  appears  free  from  sediment  or 
cloudiness  of  any  kind.  Later  the  surface  of  the  water  becomes  covered  with 
a  white  film  which  becomes  thick  and  finally  forms  a  dense  white  web-like 
mass,  resembling  snowflakes  on  the  surface  of  a  pond.  The  microscopic  ex- 
amination of  the.sc  web-like  bodies  shows  that  they  arc  made  up  of  filaments 
and  .small  minute,  bead-like  bodies.  Along  the  side  of  these  filaments  there 
is  a  collection  of  mineral  matter  of  a  granular  nature.  Under  a  microscope 
of  veiy  high  power  these  filaments  are  found  to  be  very  short,  irregular  cell- 
like bodies.  These  organic  forms  .seems  to  be  bacteria  of  some  species  closely 
related  to  the  species  of  the  genus  Beggiatoa.  These  bacteria  are  capable  of 
living  in  a  .strong  ■solution  of  .sulphuric  acid.    (See  Plate  XLVTII.) 
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The  bacteria  found  associated  with  the  black  clay  underlying  the  kaolin 
consist  of  thread-like  filaments.  Thesr  filaments  vary  in  diameter  from  2  to  3 
microns.  The  filaments  are  spjfmented.  The  ppffmcnts  vai-y  in  length  from 
11  to  20  microns.  The  filament.*;  cluster  near  the  top  of  the  water,  forming 
first  a  white  film  and  later  a  thick  cotton-like  ma.ss.  A  .small  colony  of  bac- 
teria presents  the  appearance  of  a  pyramid  or  cone,  the  apex  projecting  down 
into  the  water  and  the  ba.sc  lying  neai'  the  surface  of  the  water,  but  the  whole 
completely  submerged.  When  separate  colonies  occur  in  the  water  they  soon 
spread  out  and  unite  by  their  edges  until  the  entire  surface  of  the  water  is 
covered. 


Plate  Xt.VIII.    Fiir.  B  —  iiaine  n-i  alxivc.    CcIIh  <iutlincH.    A.    Spore  cIuiUt.    H.    Yimnvc  liUtment. 
C.  Older  form.    I).  Mineral  matter  in  cell.    E.  Sulphur?  in  cell. 

The  Morphology  of  thf  Bactvi-ia.  The  filaments  in  their  younthful  stages 
are  long  and  slender.  They  increase  in  diametei-  and  separate  into  short  seg- 
ment.s.  These  shortened  segments  subdivide  into  elongate  spore-like  cells. 
Under  the  low  power  lens  of  the  microscope  these  spores  appear  to  be  spherical 
and  are  arranged  in  rows  which  are  often  sixty  or  more  microns  in  length. 
Under  a  lens  of  high  power  these  spores  are  found  to  be  elongated  cells,  having 
an  average  length  of  2.8  microns  and  an  average  width  of  l.'>  microns.  The 
shape  is  somewhat  irregular  but  the  ends  of  the  longer  diameter  are  some- 
what constrictc<l.  When  stained  with  methylene  blue,  the  spores  show  the 
presence  of  small  dark  bodies  within  the  walls  of  the  spores.  These  bodies 
are  distinctly  irregular  in  size  and  number.  Not  all  the  spores  contain  these 
dark  bodies.  The  filaments  also  contain  what  appears  to  be  the  same  sub- 
stance. The  bodies,  however,  in  the  filaments  are  usually  larger  than  those 
contained  in  the  spores.    These  bacteria  seem  to  be  closely  related  to  the 
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sulphur  bacteria  of  the  genus  Be^Kiutou.  These  bacteria  accumulate  sul- 
phur in  their  cells,  sulphur  being  derived  from  hydrogen  sulphide.  They  also 
convert  sulphur  into  sulphuric  acid.  They  consist  of  cells  without  nucleus. 
The  colorless  cells  are  arranged  in  tilaments.  The  filament  has  no  sheath  and 
is  composed  of  plain  rod  shaped  cells.  The  filaments  move  by  an  undulatory 
movement  of  the  cell  wall.  They  propagate  by  the  ."reparation  of  the  filaments 
into  segments,  the  shorter  .segments  by  further  segmentation  forming  spores. 
The  cells  u.sually  contain  stored  grains  of  sulphur.  Nathan  Zohn  found  sul- 
phur bacteria  which  did  not  oxidize  hydrogen  sulphide  but  thio-sulphide  and, 
therefrom,  sulphuric  acid.  Unable  to  oxidize  organic  .substance,  they  pro- 
elude  no  carbon  dioxide  and  have  no  normal  respiration.    Carbon  dioxide  is 


Pl»tf  XI. IX.    Fi«.  A— Chains  of  kporcn.    Bnl«rK<-(l  I.HIXi  ilimmrU'rii.    I>«rk  miot*  mineral  matter. 

a  food-stuff  and  they  form  organic  matter  from  it.  They  are  organisms  which 
respire  inorganic  material  only. 

Comjjusition  of  the  1' ndc r-Cliu/.  The  dark  colored  under-clay  contains  a 
high  per  cent  of  silica,  which  is  due  in  a  large  part  to  the  presence  of  white 
quartz  pebbles  and  sand.  It  al-so  contains  a  high  per  cent  of  volatile  matter, 
due  no  doubt  to  the  presence  of  pyrite  and  organic  matter. 

Acidity.  A  .solution  obtained  by  placing  black  clay  in  distilled  water  is 
strongly  acid.  The  presence  of  decomposing  pyrite  explains  the  cause  and 
nature  of  the  acidity.  Treating  the  .solution  with  barium  chloride,  a  white 
precipitate  was  formed,  which  was  in.soluble  in  hydrochloric  acid.  This  proves 
the  acid  to  be  sulphuric. 

SourccH  of  StiJphidf  of  Iron.  The  sulphide  of  iron  is  derived  from  the 
Chester  shales.    Some  horizons  of  these  shales  contain  large  quantities  of 
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nodular  and  lens-like  masses  of  sulphide  of  iron.  A  part  of  the  sulphide  of 
iron  is  obtained  from  the  limestones  which  are  embedded  in  the  shales.  The 
decomposition  of  the  limestone  sets  free  the  sulphide  of  iron,  which  by  oxida- 
tion fonns  sulphuric  acid.  The  latter  attacks  the  clay  and  forms  the  aluminium 
sulphate  which  is  acted  upon  by  the  bacteria.  Some  of  the  limestones  of  the 
Chester  contain  larpe  quantities  of  pyrite  and  there  is  no  doubt  of  their  influ- 
ence in  the  formation  of  mahogany  clay.  Some  of  the  pyrite  was  al.so  derived 
from  the  orsranic  matter  deposited  with  the  clay  at  the  base  of  the  Pennsyl- 
vanian  and  the  Elwren  and  other  sandstones  of  the  Mississippian. 

Bio-chemical  Experiments. 

Experiment  I.  Black  clay  from  beneath  the  white  kaolin  was  placed  in 
a  small  deep  pan  and  covered  with  water  to  the  depth  of  one  inch.    The  solu- 


Plate  XLIX.    KIk.  U — Mass  of  )>actcria  and  secrrted  mineral.    Tnkon  with  lens  of  low  power. 

tion  jjave  an  acid  reaction.  After  standing  for  awhile,  sulphate  collected  on 
the  edge  of  the  pan.  Later,  a  white  film  was  formed  on  the  surface  of  the 
water;  this  film  increased  in  thickness  until  it  formed  a  white  cottony  mass, 
covering  the  surface  of  the  water.  An  examination  of  these  cottony  masses 
pioved  them  to  be  colonies  of  bacteria,  the  meshes  of  their  interlacing  fibres 
containing  granular  and  .spherical  bodies  of  mineral  matter.  The  water 
evaporates  and  is  renewed  from  time  to  time.  Finally  deposition  halts,  the 
surface  of  the  water  becomes  covered  with  a  film  of  oxide  of  iron.  Some  of 
this  iron  oxide  is  curried  upward  and  deposits  on  the  wall  of  the  pan.  The 
colonies  of  bacteria  apparently  tlisappear,  but  the  spores  are  present  in  the 
water.  Then  a  few  drops  of  sulphuric  acid  are  added  to  the  water.  The 
oxide  of  iron  disappears,  the  water  becomes  clear,  then  the  colonies  of  bacteria 
reappear.   The  mineral  matter  found  in  the  cottony  mas.ses  of  bacteria  gives 
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the  reaction  for  aluminn  and  silica  and  its  granules  are  similar  to  those  in 
the  white  plastic  kaolin  in  the  black  clay  and  to  those  of  the  hard  white  kaolin. 
This  kaolin  is  undoubtedly  a  secretion  from  the  cells  of  the  bacteria. 

Experiment  II.  Some  black  clay  from  under  the  kaolin  was  placed  in 
two  test  tubes  and  water  was  added  to  each.  The  .solution  formed  wa.s  tested 
and  found  to  be  acid.  After  standing  for  a  period  of  three  days  a  small 
amount  of  sulphate  was  deposited  on  the  walls  of  each  test  tube.  More  water 
was  added  to  each  test  tvbe  and  a  small  colony  of  bacteria  was  placed  on  the 
.surface  of  the  water  in  one  tube.  After  standing  for  one  week  the  number 
of  colonies  of  bacteria  had  multiplied,  and  the  deposition  of  sulphate  on  the 
surface  of  the  tube  above  the  water  had  greatly  increa.^ed.    The  uncolonized 


Plate  L.    Mirro-photOKniph  of  flontinK  iriHtt  of  hnrli  riHl  lilamcnta  with  mineral  mnttcr 

alonu  lilamcntH. 


tube  showed  only  a  very  slight  deposit  of  sulphate.  Thi.s  experiment  seems 
to  afford  evidence  that  the  bacteria  influenced  the  formation  of  the  sulphate. 

Experivievt  III.  Black  clay  was  placed  into  jelly  glasses  and  covered  with 
water.  Both  .solutions  gave  an  acid  reaction.  As  the  water  evaporated  a 
-slight  deposit  of  sulphate  took  place  on  the  walls  of  the  glass,  above  the  water 
level.  Deposition  cease<l  after  a  few  days  and  the  water  surfaces  were  covered 
with  a  film  of  iron  oxide.  No  bacteria  were  present  in  either  glass.  To  the 
water  in  one  of  the  glasses  a  colony  of  bacteria  was  added;  these  multiplied 
in  number  and  the  sulphate  increased  on  the  walls  of  the  glass.  Later,  a 
few  drops  of  sulphuric  acid  were  added  and  the  bacteria  showed  a  greater 
increase  and  the  deposit  of  sulphate  also  increased. 


704 


Department  of  Conservation 


Experiment  with  Black  Clay. 

Some  of  the  black  clay  taken  from  beneath  the  white  kaolin  was  placed 
in  a  shallow  pan  of  enamelled  ware;  distilled  water  was  added;  in  a  few  days 
a  thin  film  covered  the  surface  of  the  water.  A  portion  of  the  film  was 
examined  under  the  microscope  and  found  to  be  filamentous  micro-organisms, 
interlaced,  and  the  meshes  thus  formed  either  partly  or  wholly  filled  with 
mineral  matter.  The  mineral  matter  was  present  in  the  form  of  minute 
granules  which  were  distributed  along  the  walls  of  the  filaments  either  in 
single  granules  or  as  clusters  of  granules. 

A  number  of  questions  presented  themselves.  Was  the  mineral  a  secre- 
tion of  the  micro-organism?  It  did  not  take  on  the  form  of  a  crystal;  it  was 
granular  like  secreted  masse.?;  it  was  not  present  in  the  solution  where  the 


Plate  LI.    Dcnw  mH»!<  of  haotfri«  with  rnmi'shod  mineral  matter. 


micro-organisms  did  not  exist;  it  was  present  where  even  a  single  filament 
existetl. 

Could  the  mineral  be  precipitated  by  the  evaporation  of  water  from  con- 
centrated portions  of  the  solution  in  the  meshes  formed  by  the  filaments  of 
the  micro-organism?  This  did  not  .seem  to  be  a  reasonable  assumption  since 
no  precipitation  was  taking  place  along  the  sides  of  the  vessel,  which  indi- 
cated that  the  solution  was  not  veiy  concentrated;  and  then  there  was  the 
presence  of  the  mineral  where-  no  meshes  existed  but  only  single  filaments. 

Was  the  mineral  soluble?  The  solution  was  acid.  Could  a  soluble  mineral 
exist  in  it?  It  was  suggested  that  it  might  be  soluble  but  protected  by  an 
organic  film  but  the  sulphuric  acid  of  the  solution  would  soon  break  up  an 
organic  film.  To  determine  whether  the  mineral  was  soluble  and  precipitated 
by  evaporation  of  the  water  the  pan  was  placed  under  a  bell  jar  and  evapora- 
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tion  prevented,  but  the  mineral  continued  to  form,  provinff  that  it  was  not 
the  result  of  evaporation.    The  filaments  were  washed  in  water  and  dilute 


PUte  LII.    Layer  of  coAi-ite  CQmrlumcratt!  iiandatone  between  biy«ra  of  white  kaolin  In 
Gnrdner  mine.    Grains  cemented  with  kaolin. 


4S— 20642 


706  Department  of  Conservation 

acids  without  removing  the  mineral.  Collections  of  the  mlcro-orRanisms  and 
the  associated  mineral  matter  were  dcssiccated  and  pave  reactions  for  alumina 
and  silica.  After  a  period  of  time  granules  dropped  from  the  meshes  of  the 
filaments  to  the  surface  of  the  clay  beneath  the  water.  It  wa.s  easily  dis- 
tinguished from  the  clay  as  it  was  light  and  moved  back  and  forth  with  the 


Plat«  lAll,    Aluminum  Eulphat«  (AlunuKCn)  collecting  on  walln  of  ion  and  fnllinK  over  cdseA. 
Alunoircn  formed  by  trcatinR  kaolin  with  Buiphuric  acid. 

movement  of  the  water.  Under  the  micro.scopc  it  appeared  like  the  grains  in 
the  meshes  of  the  filaments.  It  took  stains  in  a  similar  way.  The  mineral 
matter  in  the  interior  of  the  bacterial  cells  was  similar  in  appearance  and 
staining  to  that  along  the  exterior  walls  of  the  cells. 

In  order  to  determine  the  chemical  composition  of  the  secretion  of  the 
bacteria  some  of  the  black  clay  was  placed  in  a  ves.sel  containing  water.  The 
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vessel  was  placed  under  a  bell  jar.  The  water  above  the  clay  was  clear  but 
addic.    After  a  few  days  a  bacterial  irrowth  covered  the  surface  of  the 

water  and  mineral  matter  eollectcd  nmon^  the  lilanunt.s.  The  bacteria  and 
enmeshed  mineral  matter  were  collected  from  the  surface  of  the  water.  The 
collected  mass  was  analyzed  by  Professor  R.  E.  Lyons.  He  first  dried  the 
mass  at  100°  and  then  for  several  days  oiver  CaCU  and  HtSO*.  He  then 
found  the  deiaiocated  mass  to  contain: 

Silicu  (SiO,)   17.34 

Alumina  (AhO.)   21.56 

Ferric  oxide  (Fc.-O.)   ^.^8 

The  composition  of  the  mai>8  ditTcrs  from  the  composition  of  kaolin,  which 
is  to  be  expected.  In  the  first  place,  it  mwt  be  borne  in  mind  Oat  the  nasa  is 
not  a  single  mineral  but  contains  Icaolin,  aluminium  sulphate  and  ferrous 
sulphate. 

Therefore,  when  the  volatile  matter  is  driven  off  the  residue  is  found 

to  be  composed  of  sufficient  .silica  to  form  about  42.78'";  of  kaolin;  an  excess 
of  alumina,  which  is  probably  derived  from  the  aluminium  sulphate,  and  3.3^% 
of  ferric  oxide,  which  was  derived  mainly  from  the  ferrous  sulphate.  Snce 
the  kaolin  is  secreted  into  a  solution  of  aluminium  .sulphuto  and  ferrottS  sul- 
phate which  has  a  leaching;  action  upon  it  before  it  is  collected,  and  since  some 
of 'this  solution  is  collected  with  it  we  should  not  expect  this  collected  matter 
to  have  the  same  compo.sition  as  pure  Icaolin.  However,  in  the  presence  of 
sanrl  or  other  form.s  of  .silica  it  would  be  converted  into  kaolin,  sinco  the  excess 
of  free  alumina  would  unite  with  the  silica,  and  this  is  what  probably  occurs 
when  the  bacteria  are  in  actual  contact  with  the  sand  or  (|uarts  pebbles  in 
the  clay. 

It  is  immaterial  whether  the  alumina  unites  with  the  silica  within  the 
cells  of  the  micro-orsranlsm  or  unites  with  it  after  its  secretion.  That  the 
union  takes  place  within  the  cells  is  probable,  becau.se  the  mineral  matter 
within  the  cells  reacts  to  stains  like  that  on  the  outside,  its  appearance  is 
similar,  its  solubility  is  similar  and  the  silica,  beinir  soluble,  could  enter  the 
cells  as  freely  as  the  aluminium  sulphate.  The  mineral  matter  within  the 
cells  to  be  visible  would  of  necessity  be  an  insoluble  compound. 

Experiment  with  Knobstone  Shale. 

A  sample  of  aluminous  Knobstone  shale  was  selected  from  an  outcrop 
on  the  I.  C.  railroad,  east  of  Bloomington.  This  shale  contained  considerable 
pyrite  which  was  partly  decomposed.  When  the  shale  was  placed  in  water 
in  a  vessel,  it  ^avc  a  strong  acid  reaction.  A  colony  of  bacteria  was  placed 
on  the  surface  of  the  water.  In  the  rour.se  of  a  few  days  the  -urface  of  the 
water  became  covered  with  the  bacteria  and  the  secreted  mineral  matter. 
Before  the  bacteria  were  placed  in  the  solution  there  was  a  slight  precipitation 
of  sulphates  aioinn!  the  margin  of  the  ve-sel  as  the  water  was  evaporated. 
The  amount  of  precipitation  increased  noticeably  with  the  addition  of  the 
bacteria. 

Experiment  with  Chester  Shale. 

A  sample  of  Elwren  shale  was  placed  in  a  vessel  and  water  and  frag^ 
ments  of  pyrite  were  added.  In  the  course  of  a  few  weeks  ferro-aluminium 
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snlphate  collected  on  the  walls  of  the  vessel  in  small  quantities.  After  standing 
for  three  months,  the  water  being  renewed  from  tine  to  time,  no  evidence  of 
white  kaolin  was  found  in  the  shale. 
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In  a  neond  vessel  an  equal  amount  of  the  same  shale  was  placed,  covered 

with  water  and  pyrite  addt'cJ  as  before.  At  the  end  of  a  few  weeks,  when  the 
sulphates  began  to  appear,  a  colony  of  bacteria  was  placed  on  the  surface  of 
the  wmUtr.  In  the  ooune  of  two  wedw  the  hacteria  covered  the  surfaee  of  the 
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water  and  mineral  matter  was  collected  in  the  meshes  of  the  filaments  and  in 
a  few  weeks  was  dropping  down  to  the  surface  of  the  clay. 


rUtlc  I'V.    Vie.  A— Mirro-photrirraph  of  r  thin  «>cti<in  nf  UmoHtono  fuund  In  mnhiiininy  cUy. 


Plnt<^  I.V.     FiK.  B    Showinir  rontnrt  of  white  kaolin  anil  bUark  riay.  the  lattpr  partly 

ranvcrtod  into  kaolin, 

Condifions  of  Acninu'lndon  of  Kuoliii.  It  is  assumed  that  shale  or  clay, 
quartz  pebbles  and  organic  matter  were  deposited  in  a  shallow  basin  and  sand 
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deposited  above  them.  During  the  decomposition  of  the  orgunic  matter, 
pyrite  is  formed.  Later  deposititm  was  followed  by  elevaticm;  erosion  followed. 

The  edsre  of  the  basin  wrts  uncovered,  but  its  position  was  such  as  to  collect 
the  water  which  percolated  through  the  overlying  beds.  (See  Plate  LIV.) 
The  lower  portion  of  the  filled  basin  thereby  became  saturated  with  water. 
The  water,  carryinp  oxygen,  caused  the  dpcnmposition  i>f  the  pyrite,  thus  form- 
ing sulphuric  acid  and  ferrous  sulphate.  The  sulphuric  acid  attacks  the  clay 
and  forms  aluminium  sulphate.  Bacteria  penetrated  the  basin.  The  micro- 
organisms can  live  without  light  or  oxygon,  so  they  continue  to  thrive  in  the 
pores  of  this  saturated  deposit.  They  absorb  the  ferrous  sulphate  and 
aluminium  sulphate  and  secrete  kaolin  and  possibly  ferro-aluminium  sulphate 
(halotrichite).  In  the  presence  of  abundant  water  the  sulphate  passes  upward 
into  the  bcfi  of  >uiid  and  acting  on  the  sand  grains,  replaces  them  with  kaolin. 
It  has  been  demonstrated  that  the  sulphate  will  do  this  by  the  experiments 
already  described.  After  the  deposition  of  the  layer  of  kaolin  near  the  top 
of  the  sand,  deposition  would  not  be  chfcked.  brcause  the  porous  nature  of 
the  kaolin  would  permit  the  solution  to  continue  to  come  through  the  lower 
layers  of  the  sandstone,  thus  a  thickness  of  many  feet  migiht  b«  formed.  The 
solution  mitrht  rnmovr  most  of  the  silica  from  thr'  snnd  and,  if  the  layer  of 
sand  were  tliin,  it  is  conceivable  that  it  might  disappear  entirely.  As  the 
amount  of  clay  under  the  sand  decreases,  it  is  possible  for  the  sand  or  sand- 
stone to  settle  down.  The  nio\emcrit  being  difTerentia!.  the  sandstone  may  be 
broken  up  into  blocks.  The  sand  in  some  of  the.se  blocks  may  be  dissolved 
by  the  acid  solution  and  the  spaces  thus '  formed  filled  with  kaolin.  This 
process  would  explain  the  occurence  of  irregular  .sandstone  blocks  which  are 
sometimes  found  in  the  beds  of  kaolin.  No  caving  of  the  sandstone  would 
take  place  since  only  a  small  area  would  be  affected  at  one  time. 

Part  Played  bti  the  Bacteria.  The  infl\<ence  of  the  bacteria  in  the  forma- 
tion of  Indianaitc  .-rem  'o  he  i)ositivo.  They  ^etm  to  secrete  3<aolin  and  their 
presence  seems  to  be  essential  to  the  formation  of  large  quantities  of  the 
ferro-aluminium  sulphate  which  attacks  the  silica  .«o  readily.  They  may  also 
assist  in  conserving  the  -upply  of  sulphur  which  is  so  essential  to  continuous 
formation  of  aluminium  sulphate.  There  does  not  appear  to  be  enough  pyrite 
in  the  shales  or  in  the  limestones  to  supply  the  necessary  amount  of  sulphuric 
acid  unless  the  supply  is  carefully  conserved.  The  sulphur  which  the  bacteria 
talte  from  the  ferrous  sulphates  would  ultimately  be  converted  into  sulphuric 
add.  The  latter  would  attack  the  clay  and  a  clay-sulphuric  acid-alum-bacteria- 
sulphuric  acid  cycle  would  be  established.  Such  a  cycle  I  believe  to  be  essen- 
tial to  the  formation  of  larne  quantities  of  kaolin.  The  amount  of  pyrite 
might  be  small  since  by  the  action  of  the  bacteria  only  a  small  amount  of 
tlie  sulphur  would  be  lost  By  the  reduetion  of  the  sulphates  by  the  bacteria 
some  oxygen  mny  be  set  free  for  the  further  oxidation  of  the  pyrite  or  the 
precipitation  of  the  iron  compound.  A  layer  of  very  pure  limonite  is  some- 
times fottnd  beneath  the  kaolin.  The  bacteria  may  take  part  in  the  formap 
tion  of  colloidal  kaolin  which  is  found  in  the  black  clay.  Tt  .^eems  probable, 
too,  that  the  granules  of  plastic  white  kaolin  occurring  in  the  kaolin  are 
seereted  by  the  bacteria.  They  are  composed  of  rounded  grains  resembling 
the  oolites  of  alg?r  secretions.  In  the  case  of  lime-sccreting  alga;  "the  lime  is 
enclosed  in  the  alga-body  in  the  form  of  rounded  tubercles,  which  often  gather 
themaehres  togetiier  into  Iarg«r  irregular  tubercular  bodies."  (Rothpletz.) 
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The  similarity  of  the  microscopic  {grains  found  within  the  cells  of  the 
bacteria  and  alonR  the  outside  walls  of  the  cells  to  the  grains  in  the  soft 
white  kaolin  and  those  in  the  hard  white  kaolin  is  remarkable,  A  microscopic 
examination  of  the  filaments  of  the  bacteria  reveals  the  presence  of  mineral 
whidi  is  insoluble  in  water  entangled  in  tiie  medies  of  the  beeterial  Mamcnts 
and  distributed  alonp  the  outside  walls  of  the  cells.  This  compound  jfives 
reactions  for  alumina  and  silica  and  contains  water  of  crystallization.  Phys- 
ically, the  mineral  is  made  np  of  tubercles  and  these  are  eolleeted  into  larger 
masses.  The.se  tubercles  are  similar  in  .-size  and  appearance  to  tho.se  found  in 
the  soft  plastic  kaolin  of  the  black  clay  and  to  the  granules  of  the  hard  white 
kaoUn.  They  are  also  similar  in  appearance  and  react  to  stains  in  the  same 
way  as  Hub  larger  bodies  in  the  ceU  walls  of  the  bacteria. 

It  appears  that  there  are  here  two  methods  of  kaolinization;  that  in  the 
presence  of  only  a  small  amount  of  water  the  clay  or  shale  is  changed  in 
sittt  by  bacteria]  daboration,  tiie  kaolinisation  extending  downward;  that  when 
there  is  an  abundance  of  water  present  the  soluble  ferro-aluminium  sulphate 
ih  carried  upward  into  beds  of  sandstone  whei-e  it  is  converted  into  kaolin, 
a  replacement  process  producing  an  upward  extension  of  the  kaolin  deposit. 

The  conditions  for  the  formation  of  kaolin  by  the  bio-chcmiral  piorrss 
are  too  complex  to  be  met  frequently.  If  the  process  involved  only  the  de- 
composition of  pyrite  in  connection  with  shale,  kaolin  deposits  would  be  found 
in  most  areas  of  sedimeintMy  rocks  because  the  decomposition  of  pyrite  in 
shales  is  of  common  occurrence.  But  the  contlitions  for  kaolinization  demand 
more  than  the  presence  of  dccomposinR  pyiite  in  shale,  the  essential  conditions 
for  the  (growth  of  bacteria  must  be  present.  There  most  be  presmt  also 
conditions  favorablo  to  the  accumulation  of  kaolin.  The  ensemble  of  essential 
conditions  is  of  rarer  occurrence. 

Since  the  activities  of  micro<«rganisms  are  controlled  by  temperature,  the 
matter  of  climate  enters  into  the  problem.  Since  sulphur  bacteria  havo  lu-r-n 
found  to  be  active  in  the  latitude  of  southern  Indiana  in  the  kaolinization 
process  at  the  present  time,  are  we  to  infer  that  the  dimate  of  this  latitutte 
is  to  be  taken  as  the  favorablo  onr  for  their  activities?  If  the  climatic  factor 
is  an  important  one,  it  might  be  assumed  that  if  the  southern  kaolins  were 
formed  by  bacterial  action,  a  cttmate  similar  to  fhe  present  climate  of 
southern  Indiana  must  have  prevailed  in  that  reiarion  .some  time  subsequent 
to  the  deposition  of  the  Tuscaloosa  and  the  other  formations  bearing  kaolin. 
Such  climatic  condition  must  have  prevailed  about  the  time  of  the  glacial 
peri  Oil  if  not  earlier. 

The  optimum  temperature  of  sulphur  bacteria  is  probably  not  far  from 
50T.,  since  this  would  be  about  the  uniform  temperature  of  a  bog  deposit  in 
this  latitude  and  is  about  the  average  temperature  of  the  clay  at  the  point 
where  the  bacteria  were  collected. 

The  question  may  be  asked:  Why  are  not  such  deposits  of  kaolin  of 
more  widespread  distribution?  In  the  first  place  kaolin  deposits  of  like  origin 
may  be  more  wi(!(  !>  rii-tributed  than  Indianaite.  The  Tu.-^caloo.'^a,  the  Wilcox 
and  the  Lafayette  foimations  of  the  south  contain  kaolins  and  white  clays 
that  may  have  a  similar  origin.  These  kaolins  occur  in  sedimentary  rocks 
a.ssociatcd  with  sands  and  oftoi  at  great  distances  from  feldspathic  rocks. 
All  of  these  formations  contain  organic  matter  in  the  form  of  beds  of  lignite 
containing  pyrite.    The  composition  of  samples  of  kaolin  collected  by  the 
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writer  firaai  the  Tusealoosa  f<Hniiatioii  in  Hiasissippi  ia  given  in  the  following 
tablet* 

Ana^jvis  of  TneealooBa  Kaolin  fhnn  Miaaiasippi. 


No.1 

No.  2 

No.  8 

No.  4 

.48 

1.11 

Volatile  matter  (COjetc.)  

  11.96 

15.01 

13.88 

15.17 

44.23 

42.92 

44.75 

.81 

.61 

•  96 

88.82 

41.80 

88.89 

  0.60 

.19 

.87 

.87 

.46 

.18 

alk.  .86 

Hagneaiiim  oxide  (MgO)  

•  •  •  •  •       *  • 14 

.18 

.18 

.80 

Total   

  99.82 

100.12 

100.57 

100.28 

No.  4  is  the  analysi.s  of  a  sample  of  Indianaite  made  by  W.  A.  Noyes  and 
placed  here  for  eomparison. 

The  pre.senco  of  such  beds  of  pure  white  kaolin  in  sedimentary  formations 
has  long  been  an  enigma  and  a  source  of  speculation  to  the  writer.  There 
appeara  to  the  writer  no  ineonaistenciea  with  the  view  that  these  aoathem 
kaolin.s  may  have  oripinated  in  the  same  way  as  the  Indianaite.  The  chemical 
compositions  are  similar  and  the  physical  properties  of  certain  portions  of 
each  are  similar. 

Origin  of  Mahogany  Clay. 
The  mahogany  clay  is  found  occasionally  in  connection  with  limestones 

ocrui  rinp  in  contact  with  shale.  The  .shale  is  a  highly  aluminous  formation. 
The  origin  of  the  mahogany  clay  seems  to  be  in  some  way  connected  with  the 
decompoaiticm  «f  the  limestone.  The  bowlder-like  masses  of  limestone  are  very 
frequently  found  in  the  shales  surrounded  by  mahogany  clay.  In  some  of  these 
maaaes  of  clay  fragments  of  white  kaolin  are  found.  The  aluminous  shale 
ia  decomposed  along  with  the  decomposition  of  the  limestone.  In  some  places 
the  limestone  contains  large  quantities  of  pyrite.  In  many  places  the  shale 
also  contains  pyrite.  In  the  decomposition  of  pyrite,  sulphate  of  iron  and  sul- 
phuric acid  are  formed.  The  oxidation  of  the  sulphate  of  iron  produces  oxides 
of  iron,  which  give  to  the  mahogany  clay  its  reddi.sh  color.  The  sulphuric 
acid  attacks  the  aluminium  silicate  of  the  clay  and  forms  aluminium  sulphate. 
This  aluminium  sulphate  is  converted  into  kaolin  by  the  action  of  the  sulphur 
bacteria.  Daring  the  decomposition  of  the  limeatone  some  ealeiiim  sulphate  is 
formed.  Cr>'.stals  of  the  crystalline  form  of  gypsum  selenite  are  formed  in 
the  shale  at  points  near  the  mahogany  clay. 

The  first  change  due  to  weathering  is  from  an  olive-green  shale  to  a 
maroon  colored  clay,  which  is  very  plastic.  The  maroon  clay  is  changed  into 
the  mahogany  clay  which  is  less  tenacious,  and  in  some  outcrops  not  very 
plastic. 

The  mahogany  clay  is  in  some  instances  formed  by  the  staininp  of  beds 
of  white  kaolin  with  iron  oxides  and  by  the  partial  disintegration  of  the  kaolin. 
This  may  occur  where  the  sandstone  roof  above  the  kaolin  has  been  partly 
removed  so  that  quantitioB  of  surfaoe  water  may  penetrate  the  bed  of  kaolin. 

>Lo«n  days  of  HiMtntppi,  MIh.  CmL  Somy.  pp.  S  loc  cit. 
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USES  OF  INDIANA  KAOLIN. 

The  kaolin  of  Lawrence  and  adjuinin^;  counties  is  suitable  for  u&e  in  a 
nmnber  of  industriett  in  some  of  which  its  value  is  already  well  established. 

Its  utilization  in  quantity  ha>  bt«  ii  iti  the  c<M:imic  inrlu.Miy  and  in  the  manu- 
facture of  aluminium  ttitlphutc.  The  kaolin  of  Lawrence  County  was  used 
for  many  years  in  the  manufacture  of  this  mineral,  but  cryolite  supplanted 

it  and  was  in  turn  siip))larit>  <!  t>y  hiiuNitc    Krunoniy  of  production  SOems  to 

have  been  the  influencing  fartor  in  each  .-^iihstitution. 

Alum  Cake.  The  kaolin  from  Dr.  Gardner's  place  in  Lawrence  County 
was  used  for  many  years  In  the  manufacture  of  aluminium  sulphate.   It  is 

readily  soluble  in  dili  te  sulphuric  acici  anrl  is  .said  to  be  superior  to  other 
aluminium  silicates  for  this  purpose.  Large  quantities  of  alum  cake  are  now 
used  to  produce  lloeeulation  of  clay  particles  In  water  intended  for  domestic 
use.  With  an  abundance  of  pyrite  for  thr  manufacture  of  sulphuric  acid 
there  is  no  reaison  why  alum  cuke  should  not  be  manufactured  with  profit  in 
Indiana. 

At  the  request  of  the  writer,  Mr.  Jacob  Papi.sh  offers  the  following  sug- 
gestions as  to  the  method  of  treatment  of  kaolin  in  the  manufaiieture  of  alum 
cake: 

"The  plant  to  be  erected  for  the  treatment  of  kaolin  is  to  consist  of  a 

-series  of  tank.s,  tlio  latter  hi  inp  i  c  rt;  rtr.  lar  or  round  in  shape,  built  of  2x4 
inch  lumber  and  lined  with  U  pound  lead.  A  convenient  size  for  a  tank  is 
20xlCx6  feet,  which  is  suitable  for  the  treatment  of  half  a  carload  of  kaolin  at 
one  time.  The  boiler  and  enjrinc  shouhl  be  of  a  larger  capacity  than  the  im- 
mediate requirements,  so  as  to  take  care  of  future  expansion.  On  the  other 
hand,  in  order  to  have  the  immediate  returns  as  largi'  a;s  possible,  it  is  advisable 
to  pi'ocure  a  cheap  kerosene  engine.  Such  an  engine  will  take  care  of  a  battery 
of  two  tunk.s  at  a  time,  and  .since  stininc  and  Tiiixinc:  arc  not  a  continuous 
operation  with  u  given  batch  of  mateuul,  a  cheaper  engine  would  be  Satis- 
factory. The  cost  of  erection  of  one  tunic  and  the  price  of  the  recfuired  acces- 
sories are  given  in  the  following  table: 


Tank,  20x18x6  $300  00 

Lead  lining  (D-pound  lord)   403  00 

Stirrer,  lined  with  lead  and  shaft   €0  00 

Belting,  pump»  spouts,  etc   100  00 

Kerosene  enjjinr  which  can  be  ut'ed  in  connection 

with  several  tanks   100  00 


Total   I96S  00 

"The  method  of  treatment,  in  the  main,  i;  as  f  ilows:  The  kaolin  should 
be  allowed  to  weather  so  as  to  crumble  to  iiiecc-.  Fifteen  tons  of  this  material 
is  to  be  introduced  in  a  tank  and  an  equal  quantity  of  sulphuric  acid  added 
with  constant  stirring.  The  stirring  should  be  continued  for  several  hours. 
After  a  period  of  two  or  throe  days  the  cako  is  ready  for  shipment.  The  heat 
of  the  action  is  sufficient  to  remove  surplus  water.  With  proper  manage- 
ment, one  tank  can  be  made  to  throw  out  90  tons  of  alum  cake  in  a  week, 
and  for  one  year  of  50  wedis  this  means  a  production  of  4,600  tons. 
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Cost  of  Production  of  460  tons  of  Alum  Cake.  (Crndo.) 


225  tons  of  kaolin  ($4  per  ton)   $900  00 

225  tons  of  sulphuric  acid  (60*,  $16  per  ton)   3,600  00 

Taxes,  insurance  (10'  '  )   »6  00 

Overhead  charges,  depredation  of  plant  (20%) ....  192  00 

Labor  (20%  of  selling  price)   2,250  00 


Total 


$7,038  00 


'It  is  seen  from  the  above  that  the  cost  of  production  of  one  ton  of  atom 
cake  is  $15.64. 

"Some  municipal  water  wotks  in  Indiana  are  buying  crude  aluminum 
sulphate  at  $45  per  ton.  Making  an  allowance  for  the  difference  in  active 
material,  the  alum  cake  prepared  from  kaolin  should  sell  for  $26  per  too. 
The  mari^in  of  profit  offers  an  excellent  indiccmcnt  to  the  manufacture.  I 
remember  that  you  made  the  statement  last  year  that  the  manufacture  of 
alum  cake  from  kaolin  is  a  pajring  proposition.  Having  gone  over  the  different 
cost  data,  I  nm  ready  to  confirm  your  statement.  Thi-  main  question  i.s  the 
market.  The  overhead  charges  and  the  cost  of  labor  given  in  my  estimate 
win  take  care  of  coet  of  deUveiy  to  railroad  ears." 

Pottery,  The  purer  varieties  of  kaolin  may  lie  used  in  the  manufacture 
of  white  wares.  Such  wan  -:  arc  nianufacti  led  out  of  a  mixture  of  feld.spar, 
kaolin,  quartz  and  bail  clay.  Kaolin  to  be  used  for  this  purpo.se  must  be 
very  low  in  percentage  of  iron  to  prevent  coloring  of  the  ware.  The  materials 
used  in  the  manufacture  of  white  ware  are  reduced  to  the  powdered  form, 
put  into  a  blungcr  and  water  added,  the  portion  of  each  being  weighed  in 
order  to  keep  the  right  proportion  in  the  mixture.  After  being  agitated  in 
the  blunder  from  an  hfuir  to  an  hour  and  a  half,  the  mixture  is  put  throuRh 
a  sieve,  thence  through  a  trough  to  a  vat.  In  the  trough  it  comes  in  contact 
with  magnets  which  remove  particles  of  iron  which  may  have  been  entered 
from  the  frriruiinjj  machinoiy.  In  the  vat  the  mixture  is  agitated  until 
pumped  into  the  filter  press.  The  leaves  of  the  mixture  from  the  filter  press 
are  melkwed  and  pugged.  From  the  pu{r  mill  the  day  is  taken  to  the  molding 
room.  After  being  wedged  the  clay  is  molded  by  throwinjr,  jollying  or  jiKKf  - 
ing,  pressing  or  casting.  The  ware  i.^  then  finished  and  fired  in  the  biscuit 
kiln.    It  is  then  brushed,  Klazed  and  fired  in  the  glost  kiln. 

Kaolin  ia  used  in  the  manufacture  of  the  various  grades  of  domestic 
white  ware,  !?anitary  ware,  electrical  ware  and  porci  lniTi 

Refractories,  Kaolin  may  be  used  in  the  manufacture  of  refractories 
such  as  fire  brick,  fire  proofings,  furnace  linings,  glass  pots,  saggers  and 
pottery  kiln  .-iupplies.  Since  the  Indiana  kaolin  is  non-plastic  it  must  be 
mixed  with  a  plastic  clay  of  high  i*efractoriness  in  order  to  meet  the  require 
menta  of  these  materials.  Indiana  possesses  fire  clays  that  are  plastic  and  of 
such  a  degree  of  refractoriness  as  to  serve  very  well  as  bonding  material  for 
kaolin  in  the  manufacture  of  refractories  as  the  following  testa  demonstrate: 


In  order  to  determine  the  value  as  a  refractory  of  mixtures  of  Indiana 
kaolin  and  fire  days,  these  substances  were  ground,  molded  into  cones  and 
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ttriqoettes.  The  conrs  and  briquettes  were  marked  for  the  determination  of 
ahrinkage.  After  drying  in  the  air  the  air  shrinkage  and  loaa  of  water  were 
deteimlMd.  The  tert^pieeea  dried  without  eraddng. 

Fkinff.  The  cones  and  briquettes  were  then  dried  at  100*C  until  the 
weight  remained  constant.  They  were  then  plnced  in  the  kiln,  the  temperature 
of  which  was  raised  to  that  recorded  by  the  incipient  fusion  of  Cone  30.  The 
reanlta  obtained  are  recorded  in  the  following  table: 


No. 
of 
Fire 
Clay* 

1 

Per 

'  Cent 
of 
Kaolin 

Wet 
Weight 

of 
Cones 

Air 

Dry 
Weight 

1  Air 

'  Shrink- 
age 

— —  

Weight 

Burned 
Grams 

1  « 
1  Fire 

Shrink- 
1  Age 

Abnorp- 
tion 

1 

r 

i  Fired 
at 
Cooe 

18 

25 

57 

44 

.04 

37 

.08 





30 

18 

2S 

46 

80 

.12 

80 

18 

33H 

37 

?J 

29 

25 

.18 

.16 

.•JO 

18 

33>i 

46 

32.5 

.16 

30 

18 

50 

40 

80 

.14 

.066 

30 

IS 

50 

53 

41 

33 

.16 

.062 

30 

20 

25 

1  *^ 

36 

32 

.12 

20 

20 

26 

\  50 

1  43 

.04 

40 

.12 

.027 

80 

30 

33H 

63 

4S 

40 

.18 

.05 

.'«) 

20 

33>i 

51 

39 

.016 

32 

.08 

.031 

30 

20 

50 

60 

46 

.04 

87 

.08 

.07 

80 

20 

50 

43 

33 

27 

.08 

111 

30 

21 

25 

60 

45.5 

.04 

.11 

30 

21 

25 

44 

38 

.016 

28 

.06 

80 

21 

334 

11 

32 

2fi 

16 

11 

30 

21 

33^ 

34 

27 

.016 

22 

.06 

.045 

30 

21 

50 

60 

46 

.04 

87 

.06 

.06 

80 

21 

50 

36 

28 

04 

23 

12 

.30 

30 

22 

25 

46 

37.5 

.04 

32.5 

12 

30 

22 

25 

87 

29 

.10 

25 

.10 

.04 

30 

22 

33H 

40 

28 

.06 

23 

.12 

tm 

.W 

22 

SO 

43 

29 

.06 

25 

.20 

04 

30 

22 

50  ; 

44 

30 

.04 

25 

.12 

08 

30 

22 

50 

43 

29 

08  1 

25 

.20 

04 

30 

23 

25 

48 

38 

.04 

33 

.12 

03 

m 

23 

25 

52 

41 

04 

36 

.08 

30 

28 

33^ 

42 

32 

015 

27 

.06 

.073 

30 

28 

33M 

36 

27 

.02 

23 

.12 

043 

30 

28 

50 

50  1 

38 

32  i 

.08 

.12 

30 

28 

50 

02 

40 

.016 

88 

.10 

.15 

80 

•Kirp  Cliiyfl  from  Cl.iy  Cttiinty,  Indinnii 


Refntctory  Mixtures.  In  order  to  determine  the  value  of  Indiana  kaolin, 
Cheater  shales,  mahogany  clays  and  fire  clajrs  as  refractory  material  mix- 
tures were  prepared,  molded  and  fired. 

Mode  of  Pi  r iKtrnfion.    The  clays  and  kaolin  were  pround  separately  to 
-  pass  a  screen  of  100  meshes  to  the  inch,  mixed  in  proportion  by  weight  of  air- 
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dried  clay,  water  added  and  the  mixture  molded  into  cones  and  briquettes. 
The  cones  and  briquettes  were  marked,  weighed  and  the  weight  marked  on 
each.  After  drj'ing  in  the  air  the  loss  of  water  and  the  air  shrinkage  was 
determined. 


Plate  I.VII.    Chester  Hhalc  [tutldlnl  and  alr-dricd.    Compare  with  mahoitany  clay  in  Plate  LVIII. 

Frring.  The  cones  and  briquettes  were  then  dried  at  100°C  until  the 
weight  remained  con.stant.  They  were  then  placed  in  the  kiln,  the  temperature 
of  which  wa.'i  raised  to  that  recoided  by  Cone  30.  The  results  obtained  follow 
the  list  giving  location  of  the  .samples. 

Mahogany  Clay. 

1.  Near  Landreth,  Orange  County,  Orangcville  Town.ship. 

2.  Peari^on  Place,  Lawrence  County,  Sec.  30,  Twp.  4  N.,  R.  2  W. 
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3.  Wilson  Place.  Lawrence  County,  Sec.  8,  Twp.  3  N.,  R.  2  W. 

4.  Hall  Option  Place,  Monroe  County,  Twp.  7  N.,  R.  2  W.,  Sec.  10. 

5.  Purlee  Place,  Oranjfe  County,  OranKeville  Town.=hip,  Sec.  2. 

6.  Timbcrlake  Mine.  Monroe  County,  Sec.  28,  Twp.  7  N.,  R.  2  W. 

7.  Mr.  Bridges,  S.  W.  of  Fortners,  Martin  County,  Halbert  Township, 


Plate  LVIII.    MahoiCBny  clay  which  h»»  he«n  |iu<irtl<tl  am]  nir-dried.    C<iinp«rc  ahrinkase  cracks 
with  thnsc  of  the  Chester  ahalc.  Date  LVII. 

Sec.  a. 

8.  Below  Paff  house,  Monroe  County.  Sec.  33,  Twp.  8  N.,  R.  2  W. 

9.  Gardner  Place,  2*4  miles  S.  E.  of  Jones  house,  Lawrence  County,  Sec. 
34,  Twp.  4  N.,  R.  2  W. 

10.  South  of  Landreth  House,  Lawrence  County,  Sec.  18,  Twp.  3  N., 
R.  1  W. 
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58.  West  of  Ucrnn  Church,  HenderaonviUe. 

59.  Edwards,  Lawrence  County,  Sec  28,  Twp.  4  N.,  R.  2  W. 

Shalea. 

11.  From  Huron,  Lawrence  County,  Twp.  8  N.,  R.  2  W.,  Sec.  5. 

12.  Near  Gardner  House.  Lawi-ence  County,  Twp.  4  N.,  R.  2  W.,  Sec.  21. 
18.  Near  Miller  Hill,  Lawrence  County,  Twp.  4  N..  R.  2  VV..  Sec.  21. 
14.  WilBon  Place,  Lawrence  County.  See.  8,  Twp.  3  N.,  R.  2  W. 

ir..   Miller  Hill.  Lawrence  County,  Sec.  HI,  Twp.  4  N..  R.  2  W. 

16.  Just  below  Cross  Cave  where  dam  washed  out.  Sec.  21,  Twp.  4  N., 
R.  2  W. 

17.  One-half  mile  east  of  French  Lick  bdow  Spring,  tasp  of  mountain. 
Orange  County,  French  Lick  Township. 

18.  Pilot  Knob,  above  5  L.  S.,  near  Marengo,  Crawford  County. 

19.  West  end  of  tunnel,  west  of  Marengo,  just  above  L.  S.,  Crawford 

County. 

20.  Lloyd  Place,  Shoals,  Martin  County. 

21.  East  of  tunnd,  west  of  Marengo,  just  below  first  L.  S.,  Crawford 

County. 

22.  K.  R.  cut  east  of  Huron,  below  first  L.  S.,  Lawrence  County,  Sec  5, 
Twp.  8  N.,  R.  2  W. 

2^.  Isaac  Fortner  Place,  Huron,  50  feet  above  L.  S.,  Martin  County, 
Hulbert  Township. 

24.  East  of  tunnel,  west  of  English*  below  L.  S.,  Crawford  County. 

2.'').  West  at  English,  near  tunnel  Just  below  coal  measure,  Crawford 
County. 

26.  South  of  FroMh  Uck,  bdow  3d  L.  S.,  Orange  County. 

27.  One  and  a  half  miles  east  of  Frendi  Lick,  below  S.  S.,  below  L.  S., 

Orange  County. 

28.  East  of  Wc.>5t  Fork,  above  3d  L.  S.,  Crawford  County. 

20.  One  mile  south  of  Grantsburgh,  ju.st  below  2d  L.  S.,  Crawford  County. 
.30.  Miller  Hill,  Huron,  Lawrence  County,  Sec.  21,  Twp.  4  N.,  R.  2  W. 

31.  Ballard  and  Clayton  farm,  2  miles  S.  W.  of  French  Lick,  red  shale. 
Orange  County. 

32.  Just  east  of  West  Fork.s,  above  1st  L.  S. 

33.  Sandy  layer  below  mahogany,  Timberlakc  Mine,  Monroe  County, 
Sec  10. 

34.  One  mUo  west  of  En^^lish,  below  l<i  L.       Cnuvford  County. 

35.  West  of  English,  below  4th  L.  S.,  Crawford  County. 

36.  North  of  Mifflin,  just  above  2d  L.  S.,  Crawford  County. 

37.  One  and  a  half  miles  N.  E.  of  Mifflin,  just  above  4th  L.  S.,  Crawford 
County. 

38.  First  R.  R.  cut  west  of  Gngli.^h,  just  above  L.  S.,  Crawford  County. 

39.  One-half  mile  west  of  We.st  Forks,  above  .Id  L.  S..  Ciawford  County. 

40.  Timberlake  Mine,  Monroe  Cointy,  Sec.  28,  Twp.  8  N.,  K.  2  W. 

41.  One  mile  west  of  English,  just  above  2d  L.  S.,  Crawford  County. 

42.  li.  II.  cur.  ( a.-t  of  Huron,  between  1st  and  2d  L.  S.,  Lawrence  County, 
Sec.     Twp.     .\..  II.  2  W. 

43.  East  of  Huron,  under  2d  L.  S.,  Lawrence  County,  Sec.  5,  Twp.  3  N., 
R.  2  W. 
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44.  One  and  a  half  miles  N.  E.  of  Sulphur,  just  helow  4th  L.  S.,  Craw- 
ford County. 

45.  N.  E.  of  Huron,  Lawrence  County,  Sec.  32,  Twp.  3  N.,  R.  2  W. 
47.  Fortner  Place  in  Branch,  Martin  County,  Hnlbert  Township. 

49.  Two  mileB  east  of  Froich  Lidc,  Geo.  Giles  Place,  bdow  L.  S.,  Orange 

County. 

•   60.  N.  E.  of  Thrasher  Sdtoot  Moused  Monroe  County,  Sec.  S,  Twp.  7  N., 
R.  2  W. 

51.  Shoals,  by  Fred  Jones,  Martin  County. 
'  '521  Shoals,  Lloyd  Place,  just  helow  coal,  Martin  County. 

53.  Huron  Cut,  Lawrence  County,  Sec.  5,  Twp.  3  N.,  R.  2  W. 

54.  Gardner  Place,  2  miles  cast  of  Gardner  House,  just  below  mahogany, 
Lawrence  County,  Sec.  2 J,  Twp.  4  N.,  R.  2  W. 

55.  First  cut  S.  W.  of  French  Lick,  just  below  1st  L.  S.,  Orange  County. 

56.  Shale,  Gardner  Place,  south  of  house,  Lawrence  County,  Sec.  21,  Twp. 
4  N.,  R.  2  W. 

57.  Toward  Nan  HtU,  east  of  Gardner  House,  Lawrence  County,  See.  22, 
Twp.  4      R.  2  W. 

Mixture  of  Kaolin  and  Putnam  Fire  Clay,  State  Faxm. 

1.      IK.      }K.      4K.  SK. 
11.      IK.      iK.  iK. 

1.  White  kaolin  was  used. 
11.  Mine  run  kaolin  was  used. 

Results  of  Shale  and  Mahogany  Tests. 

The  mahoganies  and  shalM  of  these  tests  were  treated  alike.  The  material 

was  ground  and  put  throutrh  the  .sixty-mesh  screen.  Each  clay  was  then 
.molded  into  two  pyramids  of  about  thirty-four  gram^i  of  weight,  the  weight 
was  carefully^  put  on  them,  they  were  numbered,  and  a  depression  exietly 
an  inch  long  put  in  by  means  of  a  little  paddle.  These  pyramids  were  allowed 
to  dry  in  the  air  for  about  two  wcek.s.  After  they  were  thoroughly  air  dried, 
the  weight,  the  shrinkage  in  weight,  and  the  lateral  shrinkage  was  carefully 
taken  and  tabulated.  Then  one  pyramid  of  each  specimen  was  burned  without 
being  previously  heated.  Many  of  thot^e  broke  to  pieces  because  of  the  violent 
action  of  the  escaping  gases  caused  by  the  rapid  heating.  The  other  pyramids 
were  put  close  to  the  furnace  and  heated  while  the  first  were  being  burned. 
They  were  also  heated  to  a  red  heat  in  the  muffle  befoi*e  being  put  in  the 
furnace.   The  results  in  the  second  case  showed  a  marked  improvement. 

In  ead)  ease  the  pyrometrie  cones  used  were  numbers  022,  08,  10,  80. 
The  temperature  at  which  they  fuse  is:  022  at  1,004  decrees,  0"  at  1,'J94  de- 
grees, 10  at  2,426  degrees,  and  30  at  3,146  degrees,  all  being  given  as  Fahren- 
heit. 

In  the  second  burning  all  these  ooocs  fused,  showing  a  temperature  of  at 
least  3,140  °F.  or  1,730  "C. 

AHer  they  were  burned,  the  weight,  the  shrinkage  in  weight,  and  the 
lateral  shrinkage  was  again  carefully  taken  and  tabulated.  Also  the  color 
and  the  condition  was  put  down.  From  this  data  the  following  reports  are 
mad*. 
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These  tests  were  made  under  the  writer's  direction  by  Mr.  Willis  Rich- 


Data  Taken  After  the  Pyramids  Had  Air  Dried. 
The  first  ten  and  also  58  and  59  are  mahoganies. 


Number 

Weight 

iihriokagc  in 
Weight 

1  jiiicrai 
onmucBge 

17, 

18 

1 1 

11 

7  /«n  7  /fin 

A 

34. 

22 

*. 

u/W,  Q/Ov 

9 

2i, 

24 

Ul 
1  w 

A 

24, 

24 

1  1 

1 1 
1 1 

£ 

24. 

23 

in 

26, 

23 

in 

f 

28, 

29H 

1  '2 

10X2 

7  /fin  7  /fin 

A 

23. 

24 

A 

23, 

23 

1 ,5, 

14 

A  CJ^  i  fin 

lA 

28, 

28 

q 

4,iUJ  4/(Sn 

^/  UVI,  ^/  Ul/ 

ea 

38. 

26 

14 

1.<t 

!;/M1  A/Ml 

sa 

25, 

25 

1 1 

1 1 , 

26, 

a 

q 

B 
O 

•1  /nn  A  /tin 

to 

& 

o 

22, 

2.5 

/ , 

^  fin  T  fin 

tA 

31, 

26 

in 

B 
o 

^  fin  ^jfin 

t£ 

28, 

25 

g 

Q 

o/  ou,  O/WI 

tA 

2,5. 

26 

fii 

"/  2i 

/ 

o  r/i  *}  fin 

IT 

24, 

25 

7 

u 

AiJVUf  ^/ou 

ID 

27, 

26 

S14 

lA 

27, 

21 

7. 

4  (',/>  fin 

Of\ 

28, 

29 

8, 

OU,  0/  W 

At 

27, 

27 

7. 

■}  /nn   9  /AA 

oo 

28, 

21) 

8, 

6  (K)  -1  (10 

28  

23, 

23 

8, 

3/60,  3/60 

2i  

82, 

32 

8, 

s 

3/60,  3  /80 

26  

23''^, 

25 

9' 2. 

9 

3  m.  3  (K) 

32, 

34 

8, 

8 

4/60,  4/60 

29. 

30 

7. 

7 

1/60,  2/60 

30, 

30 

8, 

7 

4/60,  5  60 

29  

29, 

31 

«. 

7 

2/60,  2/60 

30  

27, 

27 

8 

5/60,  6/60 

31  

29. 

32 

S 

.5  m,  5/00 

29, 

33 

tt. 

9 

5/  60,  5/60 

33  

29. 

29 

7. 

6 

2/60,  2/60 

25, 

23 

8, 

9 

6/60.  6/60 

35  -  

30, 

28 

8, 

8 

5/60,  6/60 

38  

29, 

26 

8, 

8 

2/60,  2/80 

28, 

31 

9, 

10 

5/00,  5/60 

38  

29. 

28 

7, 

7 

3,  60,  3  60 

30, 

28 

7, 

7 

8/60,  3/60 

4«— S064S 
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Data  Taken  After  the  Pyramids  Had  Air  Dried — Continued. 


NnfffilMii* 

Weight 

SlirinkaKf  in 
Weight 

Ijuteral 
Shrinkage 

40  

2S, 

30 

14 

14 

 _ 

4  fiO,  4  fiO 

41  

J8 

7, 

7 

3,  00,  3,  OO 

42  

27. 

27 

7 

4/60.  4/60 

43   

33. 

33 

r, 

■_'  CO.  m 

44   

29, 

28 

7. 

7 

4  IK),  4.  (iO 

4$  

35, 

35 

7. 

7 

2/60,  3/00 

47  

29, 

30 

fi. 

(i 

HO,  Trf) 

49  

28, 

28 

6 

4,  bO,  4/00 

SO  

25. 

24 

11. 

11 

1/eo,  1/60 

51  

28. 

28 

8, 

7 

2/60.  2  60 

52  

25. 

28 

8 

2/60,  2/ GO 

53  

28, 

29 

6, 

7 

4/60,  4/60 

54  

28. 

28 

7. 

3  60,  3  60 

24, 

23 

7, 

« 

3/(30.  3/60 

56  

26. 

27 

7. 

6 

5/60. 4/60 

S7  

28. 

26 

8. 

0 

4/60,  5/60 

Data  Taken  After  the  Pyramids  Were  Fired. 


No. 

First 

Weight 

Weight 
After 
Bunung 

Uteral 

.Shrinkage 

Bunung 

Remarks 

1 

26 

15 

3/16 

Inei|)ieiit  fusiuii. 

2 

31 

20 

5/32 

Dark  brown,  hard  burned. 

3 

34 

21 

32 

Dark  n  'i,  )\-\vi]  liurtU'<i, 

4 

35 

20 

2/lG 

Ikuwiiish  red,  hurii  burned. 

5 

32M 

20 

8/16 

Dark  red,  luird  burned. 

6 

37 

22 

3/16 

Dark  red,  gCK>d,  sliu^tly  ctiir  ked. 

7 

43 

26 

1/32 

Ued.  sHf^tly  puffed,  blubbered. 

8 

37H 

21 

1/6 

Blue,  ineiplent  fuaion,  Tair  ehape. 

g 

37 

20 

3  16 

Dark  rod,  very  i^md.  hard  bunicd. 

10 

37 

2f} 

1/16 

lirown,  burned  guod,  hard,  firm. 

58 

41 

21 

3/16 

Gray  brown,  Blipchtly  eraeked,  good. 

50 

-M 

3/16 

Dark,  iiu-ipiont  fii.sion,  vitrified. 

11 

28 

20 

Durk  gruy,  good  shape. 

12 

34 

24 

5/60 

Dark,  incipient  fuaion,  good  ahape. 

13 

.32 

22 

i/CA) 

Hr-'UMi,  \  it rifu'il,  pufTciI,  rrafked. 

14 

34 

25 

1/10 

(jruy,  vilriiied,  good  shuiw. 

15 

34 

Broken 

in  Fumaee 

Red  half  gone,  good.  hard. 

16 

31 

•)') 

.3/16 

Vitrified,  K<><>d  .sliape, 

17 

31 

22 

7/60 

Gray,  vitrified,  sligiitly  cracked. 

18 

34^ 

28 

0/60 

Red  to  dark,  vitri&d,  eradwd,  good. 

10 

32 

4/60 

Gray,  vitrified,  very  good. 
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Data  Taken  After  the  Pyramids  Were  Fired — Continued. 


Weight 

Lateral 

No. 

First 

After 

•Shriokago 

Remarks 

Weight 

Burning 

After 

Burning 

20 

37 

26 

1/16 

(ifav.  vcrv  Eood.  rad  sDot. 

21 

33 

25 

5/60 

Brownish  srav.  eraeksdand  nuffcd.  iliriitlv 

vitrified.  • 

22 

36 

25 

9/60 

Pink,  brown,  srav.  incioient  fuMon. 

23 

37 

27 

J  .  { 

Brown,  incipimt  fu.sion. 

2t 

40 

30 

i;  16 

Ciray,  vitnlied,  slightly  cracked. 

25 

88 

14 

8/60 

Brown,  nink.  vitrillMl.  half  brokm  awav. 

26 

36 

0/GO 

Very  good,  pinkish-gray  color. 

27 

37 

28 

8/60 

Pink.  arav.  vitrified,  sliahtlv  enuiked.  sood 

shane. 

28 

31 

•  )■) 

9/60 

Blue,       V,  iiicijiieiit  fusioti  ai  top. 

29 

37 

29 

4/60 

Pink  and  gray,  slightly  cracked,  good  body. 

30 

35 

2/60 

Brown,  incipient  fusion,  cracked  and  puffed 

out  of  shafw. 

31 

30 

8/60 

Shows  iron  vitrified. 

32 

38 

2r, 

Expanded,  brown,  inciftent  fusion,  budl)' 

cranked,  iron  uresent 

33 
34 

35 

27 

4/(i0 

Pink.  arav.  sliahtlv  craelced.  aood  bodv. 

35 

34 

24 

5  r»o 

\  orv  aood.  almost  vitrified 

36 

37 

20 

3/tiU 

Bn)wn,  KrfiVt  vitrified,  vory  good. 

37 

36 

27 

2/60 

Thrown  vitrifiod  nliifhtlv  rrHckpd 

38 

3<} 

25 

Brown,  vitrified,  >sliKhtlv  cracked. 

39 

37 

27 

1/00 

C'reuiu  coltifoit.  cracked,  vitrified,  aliahfclv 

out  of  Hba|>c 

40 

44 

24 

14/60 

Ctriiv   f*rflAltAa  flliffhtilv  ffnnd  aIiaiv 

41 

35 

34 

6/60 

Pink  tolirnvvn  oiitckf  jthAm*  inf^iniAfifcfLUiiAn 

42 

34 

24 

2/60 

Slightly  cruckedi  good  shape. 

43 

39 

30 

1/32 

Rpd  sliffhllv  f^rAckcKl  itiriiiioril  fiiHinn 

aiArfUf  iri ipi  11  ■IT   viMviavxa^  ■as\.-s|'i«  iiv  ■uoa\#sis 

44 

36 

■_T) 

I  m 

Well  burned,  well  vitrififl.  I>i"Iv 

45 

42 

31 

4  ,  00 

Fink,  gray,  craclved  slightly,  guuii  body. 

47 

86 

27 

1/60 

Red,  vitrified,  incipient  fusion,  good  body. 

49 

31 

24 

5/60 

Rfij,  piifToil,  HliRhtly  cracked. 

50 

3.1 

19 

2/16 

Urungc  color,  slightly  cracked,  good. 

51 

35 

25 

1/32 

Cream  colored;  btmied  wry  flood. 

52 

34 

23 

1/16 

Gray,  very  K'>"d.  vitrified,  pink. 

53 

36 

25 

3/32 

Red,  very  good  body. 

54 

35 

25 

3/60 

Gray,  incipient  fiwon,  fair  shape. 

55 

29 

20 

1  10 

1?(  <I.  K<"()il  sliai>e,  burned  well 

56 

33 

34 

7/60 

liray,  vitirfied,  cracked,  puffed. 

67 

36 

20 

6/60 

Pink,  cracked  badly,  broken  and  pertly 

Ktiru',  vitrified. 

1 

>»K37 

24 

8/00 

Liray,  burned  very  good,  vitrified. 

11 

HK 

28 

Gray,  very  good  afaape. 

11 

HK4\ 

26 

2/16 

Gray,  very  good  body. 
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Remarks  on  Tests. 

Shales  showing  «  great  deal  of  iron:  Numbers  12,  18,  28,  64,  SO,  S2, 13, 

26,  14. 

1.  Average  lateral  shrinkage:  Between  4/60  and  5/60  of  an  indi. 

2.  Average  shrinkniire  in  weight:  About  7  grams.  Greatest  shrinkage  was 

8  grams,  least  C  v^ranis. 

3.  Average  condiiion  of  pyramids:  Numbers  20  and  27  are  in  good  con- 
dition, while  nnmfiers  80,  32, 13  and  25  are  badly  out  of  shape,  palfed,  eradced 
and  broken. 

Shales  showing  less  iron:  Nnmbers  21,  41,  27  and  20. 

1.  AveraK<'  laft  ral  shrinkapo;  Between  2/tlO  and  3  '!0  of  an  inrh. 

2.  Average  shrinkage  in  weight:  Seven  grams.  Greate.st  .shrinkage  in 
weight  was  8  grams. 

3.  Average  condition  of  the  pyramids:  Numbers  20  and  27  are  in  pood  con- 
dition, while  numbers  21  and  41  are  badly  out  of  shape,  puffed  and  cracked. 

The  mahoganies  showing  a  great  deal  of  iron:  Numbers  1,  8  and  6. 

1.  Average  lateral  :>hrinkage:  About  5/6U  of  an  inch.  Number  1  has  a 
shrinkage  of  7/60,  while  nwnbers  8  and  6  have  only  4/60  of  an  inch. 

2.  Average  shrinkage  in  wein^t:  11  grams  before  burning.  12  grams  after 

burning.  .;<<i) 

3.  Condition  of  the  pyramids:   Alt  good  and  hard,  very  good  shape. 
The  Mahoganies  diowing  leas  iron  are  numbers  2,  3,  6  and  9. 

1.  Average  lateral  :ihrinkage:  Between  5/60  and  6/60  of  an  inch. 
After  burning  6/82  of  an  inch. 

2.  Average  shrinkage  in  weight:   Air  dried,  10  grams.   After  burning, 

12  grams. 

3.  Condition  of  the  pyramid.s:  All  very  good  shape  and  hard. 
General  review  of  the  shales. 

1.  Average  lateral  shrinkage:  , 

(a)  Air  dried,  4/60  of  an  inch. 

(b)  After  burning.  0  fiO  of  an  inch. 

(c)  Makes  2/60  of  an  inch  of  shrinkage  due  to  burning. 

2.  Average  shrinkage  in  weight: 

(a)  Ail  dried,  about  8  grams. 

(b)  After  burning,  about  10  graras. 

(c)  Makes  a  shrinkage  of  2  grams  due  to  burning. 
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General  review  of  the  mahoganies. 

1.  Avwage  lateral  shrinkage: 

(a)  Air  dried,  5/60  of  an  inch. 

(b)  After  burning,  about  "» /fiO  of  an  inch. 

(c)  There  is  no  difference  in  shrinkage  due  to  burning. 

2.  Average  shrinkage  in  weight: 

(a)  Air  dried,  11  grans. 

(b)  After  bnrninjr,  13  prams. 

(c)  Makes  an  average  i>hrinkage  in  weight  of  2  grams  due  to 

burning. 

Hi(;hest  temperature  reached  in  burning  was  at  least  3,146  degrees  F. 

or  1,730  degrees  C. 

Only  three  of  the  mrraniids  were  completely  fused.  Many  of  them  were 

partially  fu.sed  and  several  sliowed  incipient  fu.'tion. 

Extra  good  pyramids  are  numbers:  51,  44,  52,  47,  53,  56  and  14. 


UTaoKn  and  Shale  Mixtures,  Mixtures  of  1  to  3;  1  to  2,  and  1  to  1  of  i 
of  the  Chester  shales  and  kaolins  were  made  and  the  following  date  obtained 
after  the  pyramids  were  fired; 

19A.  Good  shape,  shows  very  slightly  incipient  fusion. 
19B.  Burned  well,  shows  no  fusion.  Cream  colored. 

lOr.  .''ame  as  l!tR  rxropt  it  i.s  .slightly  cracked. 

■MB.  Burncfl  well,  porou.s,  butT  cnlorcd. 

44C.  Good  Khape,  vitrilied,  slightly  cracked,  hard. 

'  47A.  Soft  and  sandy,  pink  and  gray  cdor,  very  porous. 

47B.  Same  as  above,  slightly  cracked. 

47C.  Sarnc  as  above,  very  porou.«.  not  vitrified. 

51  r?.  Hurntd  vorj'  pood,  cream  coloiod,  no  cracks,  hard. 

51C.  Buraed  well,  vitrified,  very  good. 

52A.  Burned  weH,  cream  colored,  rather  soft,  not  vitrified. 

S2B.  Same  as  above. 

62C.  Same  as  above. 

63C.  Well  burned,  no  cracks,  pink  colored,  rather  porous. 

All  the  coneys  have  held  their  shape  well.  Most  of  them  could  be  fired  at 
a  higher  temperature  without  fusing  them.  The  kaolin  mixture  makes  a 
much  better  fire  resisting  material  than  shales  above. 
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Data  CoUected  from  Fired  Shales  and  Mixtures. 


S 
s 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
58 
SO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


C.  6.  i_ 

Q 


8 
9 
9 
10 
9 
9 
22 
14 
9 
12 
10 
9 
14 
19 
22 
14 


14 

14 
12 
10 
12 
14 
18 
10 


«  C 
Ci, 


1 
1 
1 

4 
1 
1 

VA 
2 

2 

3 
1 
1 


12  5 

11.1 

11.1 

40 

til 

11.1 

10.7 
22  2 

ir>  i\ 

30 

11.1 

7.1 


2 

14  2 

I 

7  I 

I 

an 

1 

8.3 

3 

16.6 

1 

10 

24 
25 
26 
27 
28 
29 
30 
31 
32 
.^3 
34 
35 
36 
37 
38 
A'.t 
40 
41 
JJ 
43 
44 
45 
47 
li  49 
50 


4-c 


'  ^      ,m  ^ 


Sis;: 

Q 


li 


19 
22 
13 
14 
15 
13 
20 
10 
26 
12 


13 

!.■> 
30 

19 

•)<> 

12 
16 

l.'j 
20 
14 
26 
10 
14 
9 


2 

2 
1 
I 
1 
1 
2 


13.0 
23 
14  2 
13.3 
7  7 

10 
3.9 
16  (i 


1 



5  2  1 

1 

1 

S.3  |i 

1 

6.2  1 

1 

6.6 

1 



7.1  || 

1 

3.8  ; 

1 

7^1  1 

3 

33.3 

51 
52 
53 
54 
55 
56 


6 

i 


11 

12 
11 
13 
10 
14 


^  i  £ 


a  at 


0.0 


9.0 

15  3 
10 


13»K 

12.5 

1 

7.7 

iy.\ 

2 

14.2 

lOB 

3 

21.4 

lltf 

13 

4H 

34  6 

44  B 

12 

5 

41.6 

44C 

11 

1 

9.0 

47.\ 

10 

3 

30 

47B 

12 

4 

3:^3 

47C 

12 

50 

51 H 

12 

3 

25 

51<: 

10 

1 

10 

52A 

13 

4 

30.7 

52H 

11 

4 

3 

a2( 

12 

5 

41.6 

53C 

4 

33.3 

Malinite. 

A  refractory  ttub^tunce  called  "Malinite"  is  manufactured  out  of  a  mix- 
ture of  Lawrence  County  Icaolin,  from  the  Dr.  Gardner  place,  and  fire  clay. 
Three  samples  were  tested  by  R.  W.  Hunt  &  Co^  of  Chicago,  as  follows: 

"Throe  samplos  of  Malinite  rcl'i  actoi  i<  s  were  .-^fU'ctp*!,  onr  white,  one 
mottled  and  one  brown.  Portions  of  thc^e.  brick  were  cut  out  and  shaped  into 
cones  and  mounted  into  a  pat  of  Malinite,  together  with  pyrometrie  cones 
numbered  30,  .?2,  .34,  3r,.  .Ifi,  :>,7.  :\H  and  ^0.  .\ftor  dryinpr,  the  pat  holdinff 
the  pyrometrie  cones  and  lest  pieces  was  placed  in  an  electric  furnace  of 
Hosldns  manufacture,  the  current  turned  on  and  heating  continued  until  the 
melting  of  Cone  No.  39. 

The  tests  were  started  about  2:3(»  p.  m.,  Aucrust  21yt,  and  completed  at 
7:65  p.  m.  the  same  date.    The  atmosphere  of  the  surface  was  reducing.  The 
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tests  were  conducted  in  the  presence  of  J.  H.  Campbell,  A.  Malinovszky  and 
W.  W.  Ittner.  On  August  22d,  the  pat  was  taken  from  the  furnace  and  the 
specimen  of  brick  examined.  There  was  no  indication  of  fusion  on  the  three 
samples  tested.  The  temperature  reached  was  3,542  degree.^  F.  or  better.  A 
photograph  of  the  test  pat  is  attached  herewith. 


Viutf  IA\.     SliiAvinu:  Ihiio  cono-i  of  MHlinitc  nftcr  IwinK  liHdil  hi  a  high  l*-mi>ori»turc. 
The  numlx'rtt  niHrk  the  iKKiitions  of  th<-  pyrumctric  conr»  which  were  all  fused. 

Referring  to  this  photograph,  the  three  samples  of  Malinite  refractories 
will  be  noted  in  the  center;  on  each  side  the  numbers  show  the  location  of 
the  pyrometic  cones.  Between  cones  Nos.  'AO  and  36  is  the  white  specimen. 
Between  Nos.  31  and  37  is  the  mottled  spccinirn.  Between  Nos.  36  and  39  the 
brown  specimen.  Examining  these  .specimen.s  with  a  glass,  the  complete  ab- 
sence of  fusion  i.s  apparent. 

Load  Tests  Under  Heat. 

Full  specinjcns  of  brick  were  placed  in  a  furnace  and  heated  up  to 
1,350  degrees  C,  about  2,500  degrees  F.,  in  a  period  of  hours,  and  held 
at  that  temperature  for  Hi  hour.".  Specimens  were  allowed  to  cool  in  the 
furnace  over  night.  As  tested  the  brick  was  set  on  end  and  a  load  of  25 
pounds  per  square  inch  applied  during  the  heating  and  cooling,  as  provided 
by  specification  of  the  American  Society  of  Testing  Materials  C  16-17  T. 
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Description  of  Sample 

Dimenflinns  iindpr  compression.  . 

Height  as  testecl   

Area  under  coinpreMion  

Total  load  applied  

Load  per  square  inch  

Height  after  teat  

Per  eent  cootractioo  


Mottled 


2.50  in.  X  4  50  in. 
9.35  in. 
11.40  sq.  in. 

?«;.->  ihs. 

25  lbs. 
9.84  in. 
11/100 


Brown 


2  .'i.'-) 


).')  m.  \  4.80  in. 
y  .43  in. 
11.47  eq.  in. 
287  U.S. 

25  lbs. 
9  43  in. 
None 


Neitlier  Mn||>le  showed  signs  of  cheeldng  after  the  above  test. 

Cold  Crushing  Test. 


DesoriBtion  of  Sunjile 

Mottled 

Brown 

1 

2 

.3 

Specimen  tested   

On  end 

Flat 

On  end 

Hat 

Dimensions  under  cnmprci^aitm  . 

2..Ti)''x  i.CAi' 

!».:{7''.\4..')4'' 

2.45''x  4.59" 

9.39''x  4.54' 

Area  under  eompression  

11.93  .sq.  in 

42     s(|.  in. 

11.25  sq.  in. 

42.63  sq.  in. 

Height  as  tested 

9.42  in. 

2.49  in. 

9.31  in. 

2  .50  in. 

Maximum  load .   

16,750  \hH. 

92.290  lbs. 

12,4.30  lbs. 

73,(iSO  lbs. 

Crushing  strength  (lbs.  per  eq. 

in.)  

1,404  lb.s. 

2  170  lbs. 

I. ]().")  lb.s. 

1,705  lbs. 

Regular 

KeguiiU' 


liegular 

Regular 

Slagging  Test. 


Specimens  were  heated  to  1^50  deirrees  Centrigrade*  2,500  degrees  F.,  in 

a  period  of  five  hour.'^.  12.0  ^raninus  of  basic  open  hearth  slapr  were  then 
placed  in  the  cavity  previously  prepared  in  the  samples  and  held  at  the  above 
tennpemtttre  for  two  hours  and  allowed  to  cool  in  the  fumaee.  Siae  of  cavity, 
1%  inch  diamctw  bjr  9/16  inch  depth. 

Deacription  of  sample  Mottled  Brown 

Slasuaed  Basic  Open  Hearth 

Slag  penetration  sq.  in.  0.57  0.48 


A  test  was  made  on  each  sample,  using  powdeied  silica  brick  and  powdered 
magnesia  bride.  These  materials  showed  no  praetration  under  tiie  above  test 

The  above  slaprfring  test  is  practically  in  compliance  with  the  specification 
of  the  American  Society  of  Testing  Materials  C  17-17  T,  except  the  weight  of 
dag  and  diameter  of  cavity.  This  was  dianged  in  order  to  permit  the  placing 
of  three  specimens  in  the  ftomce  under  the  same  conditions  at  the  same  time. 
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Chemical  AnalysiB. 

ChonieBl  analysis  of  portions  of  the  three  siiedincns  rabjeeted  to  fosion 
teat  follows: 


White 

Mottled 

Brown 

46.62 

47.50 

.71 

4.eo 

7c  Aluminium  Oxide  . . 

50.91 

46.86 

...  1.12 

1.16 

.60 

%  Magnesium  Oxide  . . 

...  .28 

None 

None 

9f  Sodium  Oxide  

. . .  .04 

.24 

.2R 

%  Potassium  Oxide  . . 

Trace 

.09 

...  .10 

.28 

.60 

Transverse  Test. 

A  transverse  te^t  was  rrinde  on  two  samples  of  each,  mottled  and  brown. 

The  uvt-rage  of  these  two  tests  are: 


Test 

No.  1 

No.  2 

Description  of  sample 

Mottled 

Brown 

Averafrc  i-iimon-ions  •l.^'l" 

".x2.  ",0x9. 866 

4.42r>x2. 465x9. 

Distance  between  supports,  C  to  C 

8  in. 

8  in. 

Breadth  as  tested 

4.615 

4.425 

Depth  as  tested 

2.r,n 

2.46.5 

Maximum  load  sustained 

1,140 

1^90 

Modulus  of  rupture 

476 

621 

Specific  Gravity. 

^  The  determination  of  the  specific  {gravity  was  made  upon  two  spedmens 
each  of  mottled  and  brown,  the  results  of  which  are: 

Mottled  Brown 
Test  No.  1  2 

Weight  used  60  grams  60  ^rams 

Volume  21.1CC  21.2cc 

Actual  specific  gravity  2.84  2.88 

Conclusion. 

The  above  tests  indicate  a  refractory  with  a  very  high  fusion  point  and 
one  that  under  temperature  maintains  its  shape  when  subjected  to  pressure. 
It  resists  slajrjrinK  action  well,  and  the  uniform  penetration  of  the  slag  indi- 
cati's  a  jjood  mixtun'  of  the  materials  before  moldinjj.  The  absence  of  slajr- 
ging  with  the  magncMte  brici\  and  silica  brick  suggest  that  Malinite  refrac- 
tories may  be  placed  in  contact  with  the  other  refractory  materials  without 
slagging  action,  and  that  the  refractory  possesses  neutral  properties." 

Encaustic  Tile.  The  stained  kaolins  which  have  been  reduced  to  a  moder- 
ate degree  of  plasticity  by  weathering,  the  introduction  of  colloidal  iron  oxide 

and  possibly  to  some  extent  by  bacterial  action  have  been  used  in  the  manu- 
facture of  encaustic  tile.  It  is  jw-siblf  to  use  the  non-plastic  kaolin  for  this 
purpose  by  mixing  with  it  some  plastic  clay  to  furiiish  the  proper  bonding 
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power,  though  it  does  not  seem  desirable  to  use  the  better  grades  of  kaolin 
for  this  purpose,  since  the  stained  kaolin  is  more  abundant  and  its  use  more 
restricted. 

Paint  Pigment.  The  pure  white  kaolin  may  be  used  in  the  manufacture 
of  white  paint  since  it  is  not  readily  soluble  in  acids  and  would  be  little  affected 
by  atmospheric  agents  of  decomposition.  To  be  used  for  this  purpose  the 
kaolin  should  be  ground  very  fine  in  a  ball  mill  and  the  coar.ser  particles 
separated  by  means  of  the  blower  process. 


Plutc  LX.    Outcrop  of  niBhr>irnny  clny  in  Monroe  County. 


Kaolin  is  also  used  in  the  manufacture  of  ultramarine,  which  was  formerly 
obtained  by  the  grinding  of  lapis  lazuli.  The  artificial  pigment  is  manufac- 
tured from  kaolin,  charcoal,  silica,  .soda  and  sulphur,  by  fusion  and  roasting, 
after  which  it  is  powdere<i.    It  is  used  in  paints  and  dyes. 

Ultramarine  Blue  Mixtures. 


Ultramarine                            Pale  Medium  Dark 

Kaolin  or  clay  100  100  100 

Soda                                               0  100  103 

Glauber  salt   120  0  0 

Carbon                                        25  12  16 

Sulphur                                       16  60  117 


Digitizei,  i_ ,  ^ji.) 


Hand  Book  of  Indiana  Geology 


731 


The  raw  materials  which  ruo  used  in  the  manufacture  of  Ultramarine  are 
enumerated  in  the  above  table.  The  clay  used  may  be  chioa  clay,  pottery 
clay  or  kaolin  of  good  quality.  The  clay  should  be  free  from  excessive  amotuits 
of  iron  or  manf[run<-'><e  and  shoi'Id  bo  finely  divided.  The  soda  ui^ed  should  be  a 
good  quality  of  carbonated  soda  ash.  The  glauber  salt  should  be  free  from 
acid  and  iron  compounds,  and  should  be  reduced  to  a  fine  powder.  The  sulphur 
should  be  a  good  quality  of  stick  sulphur  rediced  to  a  finely  divided  state. 
The  carbon  should  be  a  good  grade  of  pine  trunk  charcoal,  containing  not 


Pbtc  UCI.   Outcrop  of  kaolin  in  Monro«  County. 


more  than  four  per  cent  water  and  i  I  in  a  ball  mill  to  a  fine  powder. 
Coal  may  be  used  if  it  is  hiph  in  carbon  ;iiid  free  from  sulphur  and  iron.  The 
silica  may  be  finely  f^round  quartz  or  Uieseljruhr.  The  tripoli  of  .southern 
Illinois  would  probably  be  admirably  adapted  to  this  purpose.  Charcoal  pro- 
duced from  rice  husks  contains  both  carbon  and  silica  and  may  be  used  in 
place  of  carbon  and  silica. 

MoMnfacture.  Ultramarines  rich  in  silica  are  made  by  the  direct  method. 
The  processes  involved  are:  Mixing,  roasting,  lixivating,  wet-grinding,  levigat- 
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ing,  pressing,  drying  and  sifting.  The  roasting  is  done  in  mass  ovens  or  in 
shaft  furnaces.  In  the  indirect  method  some  ultramarines  poorer  in  silica  are 
The  furnaces  used  are  muffle  or  crucible  or  shaft  or  cylindrical  retort  furnaces, 
manufactured.   The  preparatory  stages  are  the  same  as  in  the  direct  method. 

Paper  Manufaclitrc.  Talc,  chalk  and  other  substances  are  used  as  a  filler 
in  the  manufacture  of  paper,  nnd  some  of  minerals  so  used  require  expensive 


PUlte  LXIf.    Chrater  limestone  mirroundrd  by  mnhn^ny  marcran  nn<l  nlivc  itrcen  Bhate.  Monro« 

County. 

methods  of  preparation.  The  better  grade  of  Indiana  kaolin  could  be  used  for 
this  purpose  and  compete,  so  far  as  cost  is  concerned,  with  other  materials. 

Other  Uses.  It  is  possible  to  use  Indiana  kaolin  in  the  manufacture  of 
fillers,  as  a  filler  for  varnishes,  for  fulling  cloth,  as  a  catalyzer  in  the  manu- 
facture of  poison  gas  and  as  an  abrasive  in  buffing. 
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THE  GEOGRAPHICAL  DISTHIDUTION  OF  KAOUN  IN  INDIANA  BY 


General  Distribution.  The  kaolin  of  Indiana  occurs  alouj;  xhe  outciop  of 
the  wbaHet  and  suidstones  of  the  Chester  division  of  the  Mississippian  rocks 
and  also  alonp:  the  contact  of  the  Mississippian  with  the  Ponn-ylvanian  rocks. 
This  line  of  contact  extends  from  Benton  County,  north  of  the  Wabash  Kiver, 
on  the  northwest,  to  Perry  County,  on  the  Ohio  River,  at  the  south.  The  line 
passes  throuprh  the  following  counties:  Bonton,  Warren,  Fountain,  Parke, 
Montgomery,  Putnam,  Clay,  Owen,  Monroe,  Greene,  Lawrence,  Martin,  Orange, 
Dubois,  Crawford  and  Perry.  (See  maps  aeeompanying  this  report.)  Out- 
crops of  the  contact  are  concealed  under  a  tf'afi"!  overburden  in  the  northern 
portion  of  the  area.  From  Monroe  County  southward  the  line  of  contact  lies 
through  the  non-glaciated  portion  of  Indiana.  In  this  region  outcrops  almg 
the  line  of  contact  are  more  abundant.  The  width  of  the  accessible  area  of 
contact  is  variable,  but  is  about  twelve  miles  in  width  in  the  northern  portion 
and  about  eighteen  miles  in  width  in  the  southern  portion.  The  attenuated 
margin  of  the  Pennsylvanian  has  been  eroded  in  this  region  to  such  an  extent 
that  as  a  rule  its  rocks  arc  found  only  on  the  tops  of  the  hi^'h  ridpes  which 
form  the  divides  between  the  prc.'^nt  drainage  lines.  In  places  these  ridges 
rise  800  or  more  feet  above  the  adjacent  valleys  and  the  line  of  contact  between 
the  Mississippian  and  Pennsylvanian  occurs  often  200  or  more  feet  above  the 
valleys.  The  ridges  are  decidedly  irregular  and  their  margins  serrated  by 
the  indentation  of  minor  drainage  tines  with  their  intervening  spurs.  The 
ridges  are  usually  capped  with  a  soft  sandstone  which  rri  nibles  easily,  works 
down  over  and  conceals  the  outcrops  of  the  Icaolin  along  the  contact  zone. 
The  mantle  of  sand  is  so  general  along  the  contact  that  good  outcrops  occur 
only  under  exceptional  conditions.  Sometimes  a  stream  cuts  in  against  the 
line  of  contact  and  exposes  the  kaolin.  In  other  places  a  spring  may  dis- 
charge its  waters  from  beneath  the  bed  of  kaolin  and  the  quantity  of  water 
may  be  suiBdent  to  carry  away  the  detritus  and  form  a  perpendicular  face 
at  the  outcrop. 

Kaolin  has  not  been  reported  from  all  the  counties  along  the  contact  zone. 
It  has  been  found  In  Owen,  Greene,  Monroe,  Lawrence,  Martin  and  Orange. 
The  only  cotinty  in  which  there  has  been  a  .<erious  attempt  toward  develop- 
ment is  Lawrence  County.  Even  here  actual  production  has  been  confined 
almost  entirely  to  one-half  section  and  to  only  a  small  portion  of  that.  Out^ 
crops  of  white  clay  have  boon  found  in  many  places  and  test  drifts,  pits  and 
drill-holes  have  revealed  the  presence  of  a  white  clay  in  many  sections  in  the 
■ottthwestem  part  of  the  coun^.  Explorations  have  been  more  extensive  in 
this  county  than  in  any  other  county  in  the  Indianaile  belt.  For  this  reason, 
prospects  appear  best  in  this  county.  Martin  Count>'  prot>ably  offers  the  next 
best  field  for  exploration  and  development  and  Orange,  Greene,  Monroe  and 
Owen  would  perhaps  follow  in  that  order. 


General  Statement.  This  county  lies  largely  in  the  unglaciated  portion 
of  Indiana  and  the  bed-rock  formations  are  well  exposed.  The  Monon  rail- 
road crosses  the  county  from  north  to  SOOth  near  the  center  of  the  county 
and  the  Illinois  Central  crosses  It  from  east  to  west  through  Bloomington 


COUNTIES. 


Monroe  County. 
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UCIII.    EntrHiice  U>  thi-  Orchi>ri!-Timbprlakr  mine  in  Monroe  County.    White  kaolin  on 
the  dump  in  front  of  i-iitmni^. 
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one  to  three  miles  of  these  roads.  If  enou{?h  white  kaolin  should  be  found  to 
warrant  development  on  a  large  scale  the  transportation  situation  would  pre- 
sent no  serious  difficulties. 

At  the  present  time  there  arc  no  ceramic  industries  in  this  county  and 
no  established  facilities  for  making  use  of  the  kaolin  locally  for  ceramic 
purposes. 


PUte  LVI 


The  greater  number  of  outcrops  of  kaolin  occur  below  the  Elwren  sand- 
stone of  the  Mi.ssissippian  and  only  a  few  at  the  base  of  the  Man.sfield  sand- 
stone of  the  Pennsylvanian. 

During  field  work  in  1917  the  writer's  attention  was  attracted  to  an  out- 
crop of  reddish  colored  clay  containing  fragments  of  a  white  clay  near  the 
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public  road  in  Section  3  of  Indian  Creek  Township.  A  later  examination  of 
the  white  clay  showed  it  to  bo  kaolin,  Indianaitc,  a  variety  of  halloysite. 

In  the  spring  of  1918  Mr.  Dick  Hall  of  Bloominjfton  located  a  number  of 
outcrops  of  the  same  kind  of  clay  in  the  township.    One  of  these  outcrops  is 


Plnti'  I.XIV.     Mmk^  of  whid:  kmilin  from  the  Ouhard-Timberlakc  mine  in  Monroe  County. 
Ku'ilin  Wvn  below  the  Rlwrcn  .snmlstone. 

on  the  public  road  near  the  John  Koontz  place  in  Section  lU.  The  section 
cxpo.sed  consists  at  the  bottom  of  a  shale  containing  sandy  layers  near  the 
upper  part,  overlying  this  is  a  layer  of  mahogany  colored  clay  of  a  thickness 
of  thirty  inches,  containing  fragments  of  kaolin,  and  above  is  a  five-foot 
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layer  of  sandstone.  The  kaolin  occurs  under  and  in  most  cases  immediately  in 
contact  with  the  sandstone.  Where  the  .'sandstone  is  compact  and  unfi.ssured 
the  Indianaite  is  more  abundant.    The  thichncss  cf  the  mahopnny  clay  is 


rtate  LXV.    Outcrop  of  mahoeany  ciny  nnd  white  k«ulin  under  Etwrtn  Mndtton*  In  Monroe 

County.     Sp*  note  book  and  above. 

variable,  pinchintr  and  swellinfj.  In  j«)me  places  it  may  have  a  thickness  of 
four  feet  and  pinch  down  to  less  than  half  that  amount  in  less  than  ten  feet. 

At  one  point  in  Section  28  of  Van  Buren  Township,  in  a  sandstone  ledge, 
there  is  a  thin  layer  made  up  of  the  fragments  of  kaolin.    This  occurrence 

47—20842 
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shows  that  the  Indianaite  had  been  formed,  eroded  and  redepo.^ited.  Below 
the  sandstone  there  occurs  a  layer  of  mahogany  clay  which  contains  small 
fragments  of  Indianaite.  The  mahopany  clay  rests  on  a  thin  bed  of  sand- 
stone which  in  turn  rests  on  a  bed  of  greenish  colored  shales.  In  the  shale 
there  are  irregralar  lens-like  masses  of  limestone.  Where  exposed  at  the  sws 
face  these  limestone  masse^^^  are  sui  roundc!  with  the  mahogany  day  in  lyhich 
fragments  of  the  white  kaolin  were  found. 

Dtatrihuition.  In  Van  Buren  township  kaolin  has  been  found  in  Sections 
27,  28.  .13  and  .34.  The  outcrops  occur  on  Ihe  slopes  of  a  ridpo  which  rises 
atraut  900  feet  above  sea  level  and  forms  a  part  of  the  divide  between  Clear 
Creek  on  the  east  and  Indian  Creek  on  the  southwest.  On  tiift  road  viiieh 
connects  West  i)ike  with  the  Rockport  pike,  passin>r  through  the  center  of 
Section  28.  and  intersecting  the  above  mentioned  ridge,  there  are  a  number 
of  outcrops  of  kaolin.  On  tho  northern  .*<lope  of  the  ridge  at  the  point  where 
the  road  crosses  it.  there  i.><  an  outcrop  of  mahogany  clay  which  contains  a 
considerable  quantity  of  kaolin.  Underlying  the  clay  and  separating  it  from 
a  bed  of  shale  is  a  thin  layer  of  sandstone.  A  bed  of  sandstone  having  a 
thickness  of  twenty-five  feet  overlies  the  day.  The  clay  has  a  thickness  of 
four  feet  at  the  outcrop  but  pinche.s  down  to  about  h:ilf  that  in  a  distance  of 
six  feet.  The  kaolin  occurs  in  hard  irregular  fragments  and  also  as  white 
plastic  streaks  in  the  red  colored  clay.  On  the  same  slope  below  this  outcrop 
there  arr  omr  frrrrnish  ^vay  shales  containing:  incgular  masses  of  limestone 
surrounded  by  mahogany  clay.  This  clay  also  contains  some  fragments  of 
tiw  white  kaolin. 

On  the  same  ridge  farther  east  on  the  north  side  there  is  an  outcrop  of 
Icaolin  six  feet  tliick  on  the  side  of  a  sink  hole.  On  the  south  side  of  this 
ridge  in  the  southeast  quarter  of  Section  28.  kaolin  occurs  under  the  sand- 
stone, capping  the  top  of  the  ridge,  at  about  the  same  elevation  a.s  that  on 
the  north  side.  West  of  the  road  above  mentioned,  in  Section  33,  there  is  an 
outcrop  of  mahogany  clay  containing  considerable  Indianaite.  The  clay  occurs 
between  layers  of  sandstone  of  very  fine  grain.  The  overlying  sandstone  has 
a  thickness  of  about  thirty  feet.  The  mahotrany  layer  is  irregular  in  thick- 
ness, pinching  and  swelling.  Similar  outcrops  have  been  found  in  Section  27 
on  the  southwest  side  of  the  ridge  and  in  Section  84  on  the  east  side. 

Inflltni  Ci-rck  To/rtisfiip.  Indications  of  the  presence  of  kaolin  have  been 
found  at  several  places  along  the  ridge  which  forms  the  divide  between  Indian 
Creek  and  Clear  Creek  in  this  township.  In  Section  3,  outcrops  occur  in  the 
west  half  of  the  section.  In  Section  10,  outcrops  of  mahogany  clay  occur  at 
several  points,  also  in  Sections  9  and  17.  In  the  northwest  corner  of  Section 
10,  near  the  public  road,  there  is  an  outcrop  of  a  Isyw  of  mahogany  clay 
having  a  thickness  of  about  30  inches  in  places  but  thinning  down  to  about 
half  that  in  other  places.  White  kaolin  occurs  in  the  clay  in  small  irregular 
fragments  which  are  mo.st  abundant  under  the  compact  and  unfractured 
portions  of  the  roof  of  sandstone.  The  underlying  rock  is  a  shale  whidl 
passes  into  very  sandy  shale  and  len.ses  of  >anH?.tone  just  below  the  mahogany 
clay.   The  geological  .section  exposed  at  this  point  is  as  follows: 


No.  8  (top)  Shale   

No.  7  Sand.stone  in  thin  beds 

No.  6  Shale,  .sandy   

No.  5  Sandstone   


5  feet 

5  feet 

6  feet 
5  feet 
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No.  4  Shale   20  feet 

No.  3  Sand.stone,  thick  lay«r8.  10  feet 

No.  2  Mahogany  clay  and  Indianaite   2H  feet 

No.  1  (bottom)  Shale,  Mndy  toward  the  top  12  feet 

This  mahogany  day  lies  near  a  sligrht  unconformity  in  the  MissfssippiBn 

sy>toni  of  i-ocks.  The  shales  above  and  below  the  mahogany  bclonjr  to  the 
Mississippian.  The  sandstone  above  is  the  Elwren  sandstone  of  the  Chester 
group. 

State  of  Devetopmtut.  Small  pits  have  been  dug  at  several  places  on  the 

outcrop  of  the  mahogany  clay  but  no  serious  attempt  at  development  has  been 
made.  In  order  to  determine  whether  the  kaolin  occurs  in  sufficient  quantities 
to  warrant  commercial  development  will  require  the  drilling  of  wells  along 
the  sandstone  ridpe  at  some  distance  from  the  outcrop.  Near  the  outcrop 
the  clay  is  nearly  always  stained  with  oxides  of  iron.  The  number  and  thick- 
ness of  the  outcrops  offer  promise  of  workable  beds  of  the  white  clay.  A 
tunnel  has  been  driven  at  one  point  to  a  distance  of  ItiO  feet.  Six  feet  of 
fairly  white  kaolin  was  found  in  this  tunnel,  and  the  indications  are  that  a 
marketable  quantity  exists. 

The  presence  of  kaolin  in  Himroe  Ceottty  was  BMitioned  by  G.  K.  Greene' 
as  follows:  "Traces  of  kaolin,  mere  water- worn  fragments,  are  occasionally 
found  upon  the  surface.   No  beds  of  this  depojit  arc  found  in  Monroe  Co  -nty." 

Lawrence  County. 

General  Statement.  The  kaolin-bearing  Axrmations  of  Lawrence  County 
are  confined  to  the  western  portion.  The  greater  part  of  the  atthsnrface  is 
occupied  by  formations  of  Mississippian  or  Lower  Carboniferous  age.  The 
oldest  of  these  formations  forms  the  bed-rock  in  the  eastern  part  of  the  county, 
and  is  bordered  on  the  west  by  the  outcmp  of  the  Hurrodsburg  limestone.  Th« 
central  part  of  the  county  is  occupied  by  the  Salcni  (Dedford)  and  Mitchel. 
limestones.  The  Chester  (Huron)  limestones,  sandstones  and  shales,  capped 
on  the  higher  ridges  with  the  Mansfield  (Pottsville)  sandstone  of  the  Pennsyl- 
vanian  or  Upper  Carbonifei-ous  occupy  the  western  portion.  In  this  portion 
of  the  county  the  topography  is  more  rugged  and  problems  of  transportation 
more  diffleult  and  it  is  in  this  region  that  the  kaolin  deposits  occur. 

The  Monon  railroad  crosses  the  county  frcm  north  to  south  no.ir  the  Cen- 
tral portion  and  a  branch  of  it  traverses  the  northwestern  portion  of  the 
county,  connecting  with  the  main  line  at  Bedford.  The  B.  A  O.  S.  W.  railroad 
crosses  the  southern  part  of  the  county  from  east  to  we.~t,  intersecting  the 
Monon  at  Mitchell.  Kaolin  deposits  occur  on  both  sides  of  this  railroad  and 
near  it  in  the  southwestern  part  of  the  county.  The  Southern  Indiana  railroad 
crosses  the  county  from  cast  to  Mrest  near  the  central  part  and  intersects  the 
Monon  at  Bedford.  This  road  passes  near  kaolin  deposits  in  the  western  part 
of  the  county.  The  greater  part  of  the  kaolin  which  has  been  shipped  thus 
far  has  been  fi-om  Huron  on  the  B.  &  O.  S.  W.  railroad,  but  smaller  shipments 
have  been  made  from  Williams  on  the  Southern  Indiana  railroad.  No  indus- 
tries for  the  utilization  of  the  kaolin  have  been  established  in  Lawrence  County 
and  all  kaotin  mined  has  been  shipped  long  distances. 

*ld  Annml  Bcport  ImUsiw  GMlaitial  Survcjr.  p.  447. 
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Spice  ViUley  Towtishtp.  In  the  cast  half  of  Section  21  there  is  a  high 
ridge  of  sandstone  and  shales  which  has  upon  its  slopes  a  number  of  ex- 
posures of  kaolin.  These  exposures  occur  near  the  contact  between  the  Mans- 
field and  the  Chester  formation,  and  to  a  limited  extent  at  least,  within  the 
Mansfield.  The  thickness  of  the  kaolin  varies  from  five  to  eleven  feet,  the 
average  thickness  being  not  far  from  six  feet.  In  appearance  the  kaolin,  in 
its  upper  portion  is  white  and  comparatively  free  from  discoloration.  In  the 
lower  portion  it  contains  sandstone  masses  and  is  often  discolored  with  oxide 


Pluto  LXVI.    Lawrence  County. 


of  iron.  Two  mines  have  been  opened  in  this  .section;  the  west  mine  is  a 
drift  which  is  driven  on  the  deposit  to  a  depth  of  about  200  feet.  The  room 
and  pillar  system  of  mining  was  u.sed  and  the  pillars  left  were  forty  to  fifty 
feet  in  diameter.  This  entry  was  driven  from  the  west  towards  the  east.  The 
north  mine  entry  is  located  about  three-quarters  of  a  mile  north  of  the  we.st 
entry  and  was  driven  south  about  300  feet.  Side  entries  were  driven  at  inter- 
vals of  about  twenty-five  feet.  The  room  and  pillar  system  was  used  in  this 
mine  and  a  large  quantity  of  kaolin  has  been  removed  from  it.  (See  Plate 
LXVIII.)  The  kaolin  rests  on  the  Elwren  shale  at  an  elevation  of  about  700 
feet  above  sea  level. 
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In  Section  28  an  outcrop  of  kaolin  occurs  in  the  northern  part  of  the  north- 
east quarter  and  also  in  the  southeast  quarter.  An  outcrop  of  mahogany 
clay  occurs  in  the  public  road  in  the  northwest  quarter.  In  Section  22  indi- 
cations of  kaolin  are  found  in  the  west  half.  Mahogany  clay  and  disseminated 
white  fragments  occur  at  one  point.  There  has  been  no  development  in  this 
section.  In  Section  29  there  are  indications  of  the  presence  of  kaolin  in  the 
ea.st  half.  There  has  been  no  development  except  a  small  entry  which  en- 
countered the  mahogany  but  did  not  pass  through  the  weathered  zone.  In 
Section  30,  R.  2  W.,  drillings  were  made  in  the  southwest  quarter  and  kaolin 
was  reported  from  the.se  drillings.  Kaolin  occurs  under  the  Cypress  and 
under  the  Mansfield  on  the  Hardinsburg  shale  at  about  690  feet  above  sea 
level.  In  Section  31  the  northwest  quarter  of  this  section  is  i-eported  to  contain 
kaolin,  the  data  having  been  obtained  from  drill  holes.    In  Section  4,  kaolin 


Plate  LXVII.    Six  fcot  of  white  kaolin  In  an  entry  in  the  Gardner  mine. 


has  been  found  by  explorations  made  by  the  American  Aluminium  Company  in 
both  the  northeast  and  northwest  quarters.  The  kaolin  lies  below  the  Mans- 
field and  rests  on  the  Elwrcn  shale.  Four  or  five  feet  of  kaolin  is  revealed  in 
one  of  the  openings.  In  Section  ."4  indications  of  kaolin  have  been  found  in 
the  northwest,  northeast  and  southwest  quarters.  In  Section  35  an  outcrop 
of  mahogany  occurs  in  the  northwest  quarter.  This  outcrop  has  been  ex- 
plored by  a  short  entry.  The  other  three  quarters  contain  indications  of  kaolin. 
In  Section  36  kaolin  indications  have  been  explored  in  the  northwest  and  north- 
east quartei"s.  White  kaolin  was  found  in  the  entries.  In  Section  8  there  is 
a  deposit  of  kaolin  in  the  northeast  quarter  which  has  been  explored  by  drill 
holes  and  by  entries.  The  kaolin  rests  on  Elwren  shale  and  underlies  Mans- 
field. Two  entries  have  been  driven.  In  Section  18  indications  occur  in  all 
four  quarters.  Some  outcrops  have  been  explored  by  short  entries.  In  Sec- 
tion 13  indications  have  been  found  in  the  northwest  quarter.  A  small  entry 
has  been  driven  in  the  outcrop  and  some  white  clay  obtained.  In  Section  2 
indications  of  kaolin  have  been  found  in  the  northeast  quarter  and  explora- 
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tlons  have  been  made  by  entry  and  drilling.  The  southeast  quarter  also 
shows  indications.  In  Section  3  the  east  half  shows  indications  of  the  pres- 
ence of  kaolin  and  small  explorations  have  been  made  in  one  place.    In  the 


Plate  UCX.    Entmnce  to  Gardner  mine,  Ljiwrence  County.    Mannfleld  Mndatone  above 
containing  a  thin  layer  of  kaolin. 


N.  E.  quarter  of  the  N.  E.  quarter  of  Section  30,  T.  4  N.,  U.  2  W.,  a  deposit 
of  mahopany  clay  and  white  kaolin  occurs  at  the  contact  between  the  Ehvren 
s-hale  and  the  Mansfield  sandstone  which  has  a  thickness  of  50  or  60  feet. 
Below  the  contact  the  Reelsville  limestone  occurs  at  785  and  the  Beaver  Bend 
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limestone  at  760  feet.  They  are  separated  by  about  25  feet  of  Brandy  Run 
shale.  Two  openings  have  been  made  at  the  kaolin  horizon,  one  in  a  shaft 
18  feet  deep,  the  other  a  tunnel.  Some  white  kaolin  was  found  in  each  but 
neither  extended  into  the  deposit  far  enough  to  secure  a  good  sandstone  roof 
and  consequently  the  kaolin  is  much  stained.    The  ridge  of  Mansfield  at  this 


Plate  LXXI.  Kntrance  to  Phippa  minr  rnst  of  Huron.  Kniilin  rralinK  <">  Klwn  n  nhMic 
■nd  containing  »  frw  Br<vh  Crook  limeiitont*  bowMrr^.  Mnnslield  ubovc,  contact  riainx  toward 
the  touth. 

point  extends  in  a  cur\'e  toward  the  northeast  for  more  than  one-half  mile. 

In  Section  26,  near  the  S.  K.  corner,  mahogany  containing  some  white 
kaolin  occurs  at  the  contact  between  the  Mansfield  and  the  Sample  shale, 
evidently  at  the  top  of  the  Sample,  since  a  few  bowlders  of  Beaver  Bend  lime- 
stones were  found  in  the  mahogany  near  the  entrance  of  a  tunnel  being 
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driven  into  the  kaolin  deposit  by  Dr.  John  Laufthlin  of  Bedford.  The  Mans- 
field at  this  point  has  a  thickne.'^s  of  180  feet  and  has  been  depo.sitcd  in  a 
depres.sion  in  the  eroded  surface  of  the  Che.ster.  Beneath  the  maho^ny 
which  has  a  thickness  of  from  4  to  6  feet  there  is  about  20  or  25  feet  of  shale 
resting  on  the  top  of  the  Mitchell  lime.*;tonc. 


rinU*  LXXII.     Whito  knolin  in  mahcEHny  ciny  in  Phipps  mine.  vHst  of  Huron.  Limestone 
howldiT  at  iiKht.    Ucorh  Cnik  <in  Elwrcn  ihalc. 

In  Section  25,  about  one-fourth  of  a  mile  east  of  the  above  outcrop,  the 
Mansfield  contact,  at  approximately  the  same  elevation,  exhibits  a  layer  of 
stained  kaolin. 

About  one-fourth  mile  north  and  a  little  east  of  the  center  of  Section  36 
the  basal  member  of  the  Mansfield  consists  larj?ely  of  uncemented  sands  which 
have  been  eroded  into  a  badland  type  of  topography.    The  MansAeld  rests  on 
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n  bed  of  kaolin,  a  part  of  which  is  unstained.  The  full  thicknc-^s  of  the  kaolin 
stratom  ia  not  revealed  but  it  it  several  feet  thick  and  rests  upon  a  bed  of 

maroon  shale  which  chantr<'>  into  olivo  tricon  below.  The  elevation  of  the 
kaolin  at  this  point  is  five  feet  higher  than  it  is  in  the  S.  £.  comer  of  Section  26. 

Across  the  ridge  in  Section  86,  southwest  of  the  kaolin  outcrop  in  See- 
tion  2n.  thr  contact  of  the  Mansfield  and  Chostor  is  about  seventy  feet  higher 
than  at  the  latter  place.  The  Mansfield  at  this  point  rests  on  kaolin  which  has 
been  formed  from  the  Elwren  shales.  The  unconformity  has  a  steep  dip, 
falling  seventy  feet  in  about  one-half  mile. 

In  the  N.  E.  quarter  of  Section  27  a  kaolin  outcrop  occurs  at  the  Mans- 
lleld  contact  with  the  Chester  at  about  720  feet.  The  outcrop  exhibits  four 
or  moi-e  feet  of  mahoRany  and  white  kaolin.  The  thickness  of  tht  Mansfield 
is  120  feet  at  this  jioint  and  the  piwpects  for  unstained  kaolin  undei-  the 
ridf^e  are  jfootl.  In  ihe  .southwest  quarter  of  Section  21  a  ridge  capped  with 
Mansfield  sandstone  occupies  the  north  part  of  the  quarter.  Beneath  the 
Mansfield  there  is  a  stratum  of  stained  kaolin  which  rest^  on  the  Elwren 
shale.  The  kaolin  contains  a  few  much  weathered  limestone  bowlders  which 
bekmfr  to  the  Beech  Greek  limestone.  In  Section  6,  near  the  northeast  comer, 
mahosTf'ny  clay  lies  underneath  tlv  ryprc^s  sandstone.  In  Section  fi,  in  the 
northwest  quarter,  kaolin  occurs  beneath  the  Mansfield  at  an  elevation  of 
about  90  feet  above  the  Station  at  Huron;  also  below  Cypress  sandstone. 

Indian  Crtu  k  Toiriishlit.  In  Section  6  there  is  an  outcrop  of  kaolin  imder- 
lyinp  the  Mansfield  sandstone  in  a  ciavel  pit  north  of  the  Southern  railway. 
The  kaolin  rests  on  the  Sample  shale  at  an  elevation  of  587  feet  above  sea 
level. 

Mdriim  Ti>"  u.'<liii}.  In  the  noitlnve.vt  (]Uarter  of  Section  17  indications  of 
kaolin  have  been  found.  In  the  southeast  quarter  of  this  section  an  outcrop 
of  mahogany  clay  cocurs.  This  outcrop  has  been  explored  by  a  drift  entry 
and  shaft  and  considerable  white  material  has  been  found. 

Orange  County. 

Genera/  Statement,  The  geological  conditions  in  the  western  portion  of 
t»ranpe  County  are  favorable  to  the  occi  rrence  of  kaolin.  The  higher  lands 
are  occupied  by  the  Man.t^field  .sandstone  while  the  stream  valleys  and  low- 
lands contain  the  outcrops  of  the  Chester  formations.  The  outcrops  of  kaolin 

so  fai-  encountered  have  ber  n  in  1b<  northwest  portion  of  the  county  and  the 
railroad  facilities  for  this  poition  are  not  good.  The  Monon  lies  too  far 
east  and  the  B.  A  0.  S.  W.  runs  not  quite  as  far  away  on  the  north.  The 
topoRrnphy  is  rut^sred  so  that  transportation  over  the  public  roads  would  be 

more  expensive. 

Orunyo  i")'  Toiv)i>ihi}t.  In  the  northeast  quarter  of  Section  10,  near  the 
north  line  of  the  county,  there  are  several  outcrops  of  kaolin.  The  geological 
section  exposed  in  the  public  road  at  this  point  is  as  follows: 

No.  f)  (Top)  Sandstone  (Cypres-)  Rf,  feet 

No.  f)  .Mahogany  clay  with  white  particles  10  feet 

No.     Greenish  day  and  thin  bedded  sandstone  and 

limestone   88  feet 

No.  3  Limestone  (Beaver  Bend)..  .....23  feet 

No.  2  Chale,  thin  bed  of  coal  and  sandstone  <Saii^e)21  feet 
No.  1  Limestone  (Mitchell)   18  feet 
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All  quarters  of  this  section  contain  outcrops  of  kaolin,  some  of  which 
exhibit  considerable  white  material.  Indications  of  kaolin  have  also  been 
found  in  Section  20.  In  Section  32,  white  kaolin  occurs  in  a  cave.  It  lies 
above  the  Mitchell  limestone  and  below  the  Sample  sandstone.  In  Section  2 
there  is  an  outcrop  of  mahogany  clay  in  the  public  road  in  the  northwest 
quarter.    The  mahogany  clay  rests  upon  a  clay  which  in  turn  rc^ts  upon 


Platp  I.XXIV.    Map  of  Orancc  Caunly. 


limestone.  The  overburden  is  sandstone.  In  Section  20,'  T.  3  N.,  R.  1  W., 
white  kaolin  occurs.  In  Section  7.  T.  1  \.,  I{.  2  \V.,  yellow  kaolin  occurs 
three  feet  thick. 

Martin  County. 

General  Statement.  The  Pcnnsylvanian  system  of  rocks  forms  the  sub- 
surface of  a  large  part  of  Martin  County.  The  greater  part  of  the  county  is 
occupied  by  the  outcrop  of  the  Mansfield  .sandstone,  which  contains  iron  ore 

>Cax.    7th  Annual  Report  Indiana  Ceoliisical  Survey.  1875,  pp.  234- &. 
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Plate  LXXV.    Map  of  Martin  County. 
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which  was  formerly  smelted  at  Shoals  in  this  county.  It  was  the  mining  of 
iron  ore  at  the  base  of  the  Mansfield  for  the  smelter  at  Shoals  that  led  to 
the  discovery  of  «  large  depoeit  of  white  kaolin  in  Lawrence  County.  In  ^ 
eastern  part  of  Martin  County  the  streams  have  cut  through  the  Manaftdd 
and  exposed  the  Chester  shale,  limestones  and  sandstones. 

The  Southern  Indiana  railroad  crosses  the  northern  part  of  Martin  County 
from  ea?t  to  west  an<i  passes  near  the  outcrops  of  kaolin.  The  B.  &  0.  S.  W. 
railroad  crosses  the  county  in  an  east  and  west  direction,  a  little  south  of 
the  center.  A  few  outcrops  of  kaolin  occur  near  this  railroad  in  the  eastern 
part  of  the  county  and  just  west  of  Shoals. 

A  brick  plant  which  was  erected  at  Shoals  several  years  ago  is  not  now 
in  operation.   The  kaolin  in  this  county  is  not  bein?  utilized  at  present. 

The  eastern  third  of  Martin  County  is  occupied  by  tl  i  attenuated  border 
of  the  Pennsylvanian  and  exhibits  its  contact  with  the  i  rideilyin^r  Mississip- 
pian  at  many  points.  Althou^^h  there  arc  many  outcrops  of  kaolin  there  has 
been  little  serious  attempt  at  devdopment. 

Halhci'f  Tii'rii.'^hijh  In  the  southea.«t  quarter  of  Section  IG,  where  the 
public  road  ascends  the  divide  between  Beaver  Creek  and  White  River,  is  an 
exposure  of  mahogany  clay  which  is  several  feet  thick  and  underlies  sand- 
stones and  shales  of  the  Pennsylv  anian.  The  clay  contains  some  white  streaks 
which  resemble  decomposed  kaolin.  Limestones  of  Mississippian  age  underlie 
the  deposit.  No  attempt  has  been  made  at  development.  A  similar  outcrop 
occurs  in  the  southeast  q'.mrter  of  Section  11,  at  the  side  of  the  puldic  road. 
Sandstone  ovrrlio-  thp  maho(rany  clay  at  this  point  and  >ha!e  uni^lerlies  it. 
Several  springs  mark  the  line  of  contact  of  the  sandstone  and  the  shale.  An 
outcrop  of  white  kaolin  was  found  many  years  ago  at  the  base  of  a  thick  bed 
of  sandstone  in  the  northeast  quarter  of  Section  12.  It  was  reported  to  have 
been  found  in  a  well  and  below  a  spring  in  the  southeast  quarter  of  the  same 
section. 

West  of  the  public  road,  in  tlio  >outh\\cst  (luartor  of  Section  2,  many  frac- 
ments  of  white  kaolin  were  found  on  a  slope  which  is  covered  with  detritus 
from  a  slope  which  contains  sandstone  .overlying  shale.  The  sandstone  is 
exposed  at  the  top  of  the  ridjfe  and  the  shale  in  a  small  stream  bed  brlow 
the  contact.  The  white  fragments  were  very  abundant  around  the  holes  made 
by  groundhogs. 

In  the  public  road,  in  the  northwest  quarter  of  the  same  section,  there 
is  an  outcrop  of  mahogany  clay  overlying  a  bed  cf  bluish  shale.  Sandstone 
overlies  the  clay.  The  layers  of  sand.stonc  are  thick  and  the  grains  are  well 
cemented  with  oxide  of  iron.  An  outcrop  of  mahogany  clay  occurs  al.<^o  in 
Section  1  in  the  public  road  near  the  center  of  the  .section.  The  Underlying 
formation  is  shale  and  the  overlying  rock  is  sandstone. 

Center  Totvmthip.  In  R.  4  W.,  T.  3  N.,  Section  1,  kaolin  occurs  in  the 
N.  W.  (luarfer.  It  underlies  the  Mansfield  sandstone  and  re.^ts  on  the  shales 
of  the  Hardinsburg  formation.  The  Glendean  limestone  which  outcrops  about 
876  feet  east  of  the  kaolin  entry  and  the  twenty  feet  of  Tar  Springs  sand- 
stone lying  above  umlerneath  the  Mansfield  has  been  cut  out  by  the  Tlansfield 
at  this  point.  The  Tar  Springs  sandstone  at  this  point  is  com;. -ted  of  thin 
bedded  sandstones,  some  layers  of  which  are  capable  of  beiuK  split  into 
very  thin  lamina-.  The  thicker  layers  arc  suitable  for  the  manufacture  of 
whetstones.    The  kaolin  consists  of  mahogany  clay  with  fragments  of  white 
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kaolin  at  the  entranee,  \mt  it  said  that  back  under  the  firm  sandstone  there 

i';  a  five-foot  layer  of  f^r.oA  white  kaolin.  This  kaolin  occurs  on  the  edge  of  a 
basin  which  has  been  formed  in  the  Chested  rocks  by  pre-PennsyWanlan 
erosion. 

In  Section  2,  near  the  southwest  corner,  there  is  an  outcrop  of  mahofirany 
clay  which  contains  some  small  bands  of  white  kaolin.  The  kaolin  underlies 
the  Manshcid  tsundstone  und  rests  on  the  shulets  of  the  Hurdinsburj;.  The 
elevation  is  about  five  feet  lower  than  in  Section  1. 

In  the  northwest  quarter  of  Section  27  kaolin  occurs  near  the  bank  of 
White  River  in  a  small  ravine  which  enters  the  river  from  the  south.  The 
Manafidd  %Hiich  oeeurs  in  Hha  river  bed  at  Shoals  is  fmty  feet  above  the  river. 

In  Mitchell  Tree  Township,  White  River  crosses  tiie  southeast  comer  of 
Section  1,  producing  a  hiph  bluff.  The  base  of  this  bluff  contains  sixteen  feet 
of  Beech  Creek  limestone,  overlying  which  is  about  twelve  to  eighteen  inches 
of  kaolin.  Above  the  kaolin  thin  bedded  Cjrpress  sandstone  havintr  a  thick- 
ness of  five  feet  is  si.ccecded  by  twenty-five  feet  of  massive  sandstone  be- 
longing to  the  Cypress.  Above  the  Cypress  is  a  high  blutf  of  MansAeld  sixty 
to  seventy-five  feet  high.  On  top  of  the  Mansfield  are  Lafayette  gravds  «on- 
sistinf?  of  brownish  colored  gravels  such  as  are  found  in  the  Knobstone  and 
geodes  such  as  occur  near  the  Harrndsbui  c-Knobstone  contact. 

Along  the  high  ridge  between  Indian  Creek  and  White  Uiver  several  out- 
crops of  kaolin  oeeur  bdow  the  Cypress  sandstone.   One  of  these  occurs  in 

Section  12  at  an  elevation  of  695  feet  above  sea  level. 

An  outcrop  of  white  kaolin  occurs  in  the  public  road  in  the  southeast 
quarter  of  Section  IG.  A  short  tunnel  has  been  dug  into  this  deposit  and 
considerable  vriiite  kaolin  occurs  on  the  dump. 

In  Columbia  Township,  in  Section  5,  there  is  an  outcrop  of  mahogany 
day  containing  some  fragments  of  white  kaolin  underlying  the  Mansfield. 


General  Statement.  The  eastern  part  of  Greene  County  lies  within  the 
outcrop  of  the  Chester  group  of  rocks,  mainly,  though,  the  Mansfield  occupies 
a  part  of  the  region.  The  remainder  of  the  county  h,i<  its  subsurface  occu- 
pied by  the  rocks  of  the  Pennsylvanian  system.  Outcrops  of  kaolin  occur 
only  in  the  eastera  portion  of  this  county  and  two  railroads  intersect  it.  The 
Monon  branch  from  Bedford  to  Rloomf'ield  cros^es  the  southern  portion  and 
the  Indianapolis  branch  of  the  Illinois  Central  crosses  the  northern  portion. 

The  eastern  part  of  Greene  County  lies  within  the  driftless  area.  The 
exposures  of  the  Pennsylvanian-Mississippian  contact  are  numerous  in  the 
eastern  tier  of  townships.  The  Mississippian  occupies  the  larKcr  part  of  the 
surface,  the  Pennsylvanian  forming  irre^lar  areas  occupying  the  higher  eleva- 
tions. Mahogany  clay  has  been  found  in  Center  and  in  Beech  Cieek  townships. 
White  kaolin  is  reported  from  the  Sullivan,  Coomb.s  and  IOdwar(!s  places  in 
these  townships.  In  Center  Township  mahogany  clay  outcrops  in  Sections 
1.  2.  10,  11.  12.  22  and  26. 


Greene  County. 
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Owen  County. 

Genejttl  Stateiucvl .  That  portion  of  Owen  County  adjacent  to  Monroe 
and  southeast  of  White  River  is  favorably  located  for  the  occurrence  of  kaolin 
so  far  as  geolog^ical  conditions  are  concerned.  Both  the  Chester  and  Mans- 
field  are  represented  by  outcrops.    Railroad  facilities  are  not  good  in  this 


Ptnto  I.XX.X.    M»|>  <ir  Owen  County. 


part  of  the  county,  but  the  territory  lies  between  the  Illinois  Central  on  the 
south  and  the  Pennsylvania  railroad  on  the  north. 

Specimens  of  the  white  kaolin  were  reported  by  Collett""  from  the  head- 
waters of  Raccoon  and  on  Jordan  and  Rattle.^nake  creek.s.  Outcrops  occur 
on  the  northwest  quarter  of  Section  7,  T.  D,  R.  3,  and  in  Section  27,  T.  11,  R.  4. 
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CHArHEK  VI. 

IRON  ORES. 

Minerals  eontainins  iron  are  widely  diatributed  in  the  rocks  at  tho  •  atth.  . 
The  mantle  or  surface  rocks  are  rarely  ever  free  from  iron  compounds.  The 
yellow,  brown  and  red  colors  of  soils  are  due  to  the  presence  of  some  form  of 
iron.  It  is  estinated  tliat  iron  eonstitates  4JS6  per  cent  of  tiie  eartii's  crnst 

Althouph  there  are  a  larpe  number  of  minerals  containing  iron  there  arc 
only  a  few  that  may  be  used  for  ores  from  which  iron  may  be  extracted.  Those 
minerals  oommonly  need  for  ores  of  iron  arc  s^ven  lielow: 


Magnetite  is  a  black  mineral,  very  hard  and  heavy,  and  strongly  mag- 
netie.  It  occurs  in  veins,  in  lens-like  masses  and  us  grains  in  sands.  Aside 
from  an  occasional  crystal  of  mapnotite  found  in  placinl  boulders  it  does  not 
occur  in  Indiana  except  as  sand  grains.  Magnetite  bearing  sands  are  not  of 
uncommon  occurrence  especially  in  tlie  stream  beds  of  the  iHadal  area  wbcn 
the  stream  beds  lie  on  shale  or  clay  as  they  do  in  the  Knob'tone  area.  Soma 
gold  flakes  are  associated  with  these  .sands  in  some  of  the  counties  of  the  area. 
No  deposits  of  magnetite  of  economic  importance  are  Itnown  in  Indiana;  nor 
arc  they  likely  to  be  found  since  economic  deposits  of  these  ^rpes  are  rarely  of 
sedimentary  origin. 

Hematite.  This  is  a  red  or  steel  giay  mineral  which  has  a  red  streak, 
a  slil^tly  bmer  specific  gravity  than  magnetite.  It  occurs  in  many  forms  and 
colors.  It  may  be  in  the  form  of  a  powder,  granular,  nodular,  irregular  or 
massive.  Red  ocher  is  a  mixture  of  hematite  and  clay.  It  occurs  in  small 
quantities  in  many  places  in  Mississippian  and  Pennsylvanian  strata  in 
Indiana. 

Hematite  also  occurs  in  these  rocks  in  the  form  of  silicious  clay,  stones 
and  sandstones.  The  latter  is  the  moat  abundant  form  and  is  found  in  tiie 
Mansfield  formation. 

Limonite.  This  ore  of  iron  occurs  in  a  number  of  forms,  as  nodular, 
botryoidalp  ve.siculai-,  stalactitic,  massive  or  as  powder  in  clay  forming  yellow 
or  brown  ocher.  Its  color  is  variable,  but  usually  black  brown  or  yellow.  Its 
specific  gravity  is  low,  .'18.  It  has  a  yellow  streak  which  easily  distinguishes 
it  from  hematite.  It  also  contains  water  of  ciystallization  and  is  often  asso- 
eiated  with  other  iron  ores  which  are  hydrot».  This  is  the  most  abundant 
form  of  iron  ore  in  Indiana.  It  occurs  as  concretions  in  soils,  which  are  poorly 
drained;  as  bog  ore  in  swamps  and  marshes;  us  lenses,  irregular  masses, 
noduks  and  distinct  layers  in  the  rock  strata. 

SideriU.  This  is  a  brown  to  gray  colored  ore.  It  occurs  u.s  lenaes,  con- 
cretions or  as  massive  or  eranular  masses.  Its  principal  form  of  oCCIirrettOe 
in  Indiana  is  in  nodular  mu^.^cs  and  lenses  in  shales  and  clays. 


Iron  Ores. 


MagneUte  (Fe.O«) 

Hematite  (Fe,0,) 


72.Si4  per  cent  of  iron 

70.00  per  cent  of  iron 
59.89  per  cent  of  iron 
48.27  per  cent  of  iron 


Limonite  (2Fe,0.3H,0) 
Siderite  (FeCO.)  
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Impurities.  Iron  ores  as  they  occur  in  the  earth  usually  contain  one  or 
more  mineral  impurities.  These  may  be  silica,  alumina,  lime,  titanium,  phos- 
phorus, sulphur,  manf^anese  and  small  quantitie.s  of  other  elements.  Bog 
ores  frequently  contain  organic  matter. 


Plate  LXXXI.    MansAcId  utnd^tonp  showini;  rio^K-brddinir  and  effect  of  differential  weatherinn. 

rrmcntMian  with  inin  oxid<r«. 

Silica  is  one  of  the  most  common  impurities.  It  is  generally  present  in 
the  form  of  quartz  sand  Kfiins.  It  displaces  iron  in  the  ore  and  is  detri- 
mental in  all  forms  of  the  metal  save  feri-o-silicon.  The  cjuantity  of  lime  re- 
quired for  fluxing  is  increased  by  the  presence  of  silica.  Ores  containing  as 
high  as  forty  per  cent  of  silica  are  used  and  some  foundry  iron  contains  as 
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high  as  ten  per  cent  of  silica.  The  iron  ores  in  the  Munstield  or  ba^al 
FttmsyhrMiian  of  Indiana  usually  contain  a  tiigli  per  cent  of  silica. 

Alumina  is  pifscnt  in  many  iron  ores  and  is  prenerally  in  the  form  of  a 
silicate.  The  silicates  are  those  commonly  present  in  clay  and  are  most 
almndant  in  the  oehers.  Many  bofr  ores  contain  quantities  of  day  which  is 
derived  from  tho  surrnunrlintr  land  areas.  The  alumina  ]ia>>e>  oflF  in  tbiO 
slag  which  may  contain  enough  to  tnake  it  valuable  in  the  manufacture  of 
Portland  Cement  and  a  ^reat  deal  of  slag  is  used  for  this  purpose  in  Indiana. 

Lime  is  present  in  some  iron  ores  in  considerable  quantities,  especially 
in  ores  which  have  resulted  from  concentration  through  the  decomposition 
of  beds  of  limestone  containing  disseminated  iron  compounds  or  in  ores  de- 
posited with  limestone  lilce  the  Clinton  ores.  A  »iniall  quantity  of  lime  ia 
not  detrimental  but  huRc  quantities  mi'st  be  removed  by  fluxinp. 

Titanium  is  a  common  impurity  of  magnetite.  It  is  not  detrimental  to 
the  metal  itself  but  causes  loss  in  smelting  by  driving  large  quantities  of  iron 
into  the  slafC-  It  is  possible  to  use  titaniferous  iron  ores  with  other  ores  to 
give  the  necessary  amount  of  titanium  for  fcrro-titanium.  Titanium  is  not 
an  important  element  in  the  iron  ores  of  Indiana. 

Phosphorus  occurs  in  iron  ores  ns  a  calcium  pho-phntr-  and  as  a  constit* 
uent  of  some  silicates  such  as  glauconite.  It  is  detrimental  above  one-tentii 
of  one  per  cent  in  pig  iron  used  for  the  manufacture  of  steel  by  the  Bessemer 

process.  Non-Bessemer  ores  are  those  containing  more  than  one  jiart  of  phos- 
phorus to  each  thousand  parts  of  metallic  iron  content  of  the  ore.  In  order 
to  reduce  the  percentage  of  phos]ihortts  in  some  high  phosphorus  ores,  low* 
phosphoi-us  or  mm-phoqAiovw  ores  are  mixed  with  the  former.  The  iron  ores 
of  Indiana  range  from  a  trace  to  1.03  per  cent  in  phosphorus  content. 

Sulphur  which  is  present  in  some  ores  of  iron  is  usually  derived  from 
Uie  iron  sulphide,  pyrite.  Sulpkttr  has  a  tendency  to  weaken  the  metal.  It 
is  easily  transfoi-med  into  the  paseous  sulphur  dioxide  which  in  escaping  from 
the  molten  metal  may  leave  it  porous  and  render  it  brittle.  Sulphur  in  the 
Indiana  iron  ores  ranges  from  a  trace  to  more  than  two  per  cent. 

Mansranese  i-  found  in  most  limonite  ores.  It  i.s  not  detrimental  in 
iron  used  for  certain  purposes  but  is  desirable.  The  amount  of  manganere  in 
the  Indiana  ores  varies  from  a  trace  to  nearly  one  per  eent. 

'.t  ■  !  Iron  Bearing  Formations  in  Indiana. 

The  geological  formations  whirh  contain  iron  ores  in  Indiana  belong  to 

the  Mississippian,  Penn.sylvanian  and  Post-Pleistocene  periods.  The  ores 
which  have  been  used  in  the  State  have  been  obtained  from  formations,  be- 
longing to  the  last  two  periods. 

Mississippian  Strata.  The  Knobstonc  .shales  contain  bamls  of  kidney  ore 
near  the  contact  of  the  Knobstone  with  the  New  Albany  shale.  The  principal 
outcrops  occur  in  Scott,  Clark  and  Floyd  counties.  The  bands  are  from  two 
to  ten  inches  thick  and  from  six  to  ten  bands  occur  in  twenty  feet  of  the  shale. 
Important  localities  are  near  Henryville  in  Clark  County,  and  in  Finley  and 
Vienna  townships  in  Scott  County.  The  metallic  iron  content  of  the  ore  ayet- 
ages  about  twenty-eight  per  cent. 

The  composition  of  a  sample  of  the  Scott  County  ore  is  given  by  Sluumon 
as  follows:" 
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Analyrit  of  Seott  County  Iron  Ore. 


Goraliiiied  water  16.00 

Silicic  ncid  14.00 

Protoxide  of  iron  38.56 

Seeqaioxide  of  iron  8.01 

Oxide  of  manganese   4.50 

Carbonate  of  lime  >   2.02 

Carbonate  of  mangamee  86 

Sulphur  06 

Phosphoric  arid   50 

Carbonic  acid  and  loss  21.51 


Total  per  cent  of  iron  82.20 

The  compo^ition  cf  a  s;ample  of  ore  frcim  north  of  Henryville^  Clark 
County,  is  ^ven  by  the  same  writer  as  follows 

Analysts  of  Hentyville  Iron  Ore. 

Meistun  dried  at  212*  0.600 

Insoluble  silicates   16.400 

Carbonate  of  iron  49. 400 

Peroxide  of  iraa  2.171 

Manganese   2.500 

Alumina   1.500 

Carbonate  of  magnesia  14.000 

Carbonate  of  lime  10.000 

Sulphuric  acid  0.G8C 

Phosphoric  acid  0.779 

Loss  and  undetermined   1.744 

A  section  near  HenryvUle  eontains  the  following  strata: 

Knobstone  shale  and  iron  bands  28  feet 

Limestone  (Rockford)   feet 

New  Albany  shale   (!  ft  ct 


The  iron  bunds  are  six  in  number  averaging  six  inches  in  thckness  and 
are  separated  by  from  two  to  three  feet  of  shale. 

Kidney  ore  also  occurs  at  other  horizons  in  the  Knobstone  and  outerops 
containing  the  ore  occur  in  Washington,  Lawrence,  Monroe,  Brown,  Jackson 
and  Morgan  counties.  The  deposits  that  have  been  found  so  far  are  not  of 
great  extent  either  laterally  or  vertically.  The  richness  of  the  ores  tested 
does  not  exceed  the  averafte  ffiven  above. 

The  Chester  shales  which  occupy  the  upper  part  of  the  Mississippian 
underlying  the  Pennsylvanian  contain  iron  bands  and  iron  bearing  ooncre> 
tionary  niacso-^,  The  iron  is  in  the  fonn  of  limonito  and  siderite  ores.  Lenses 
of  the  former  occur  frequently  along  the  Mis.sissippiun-Pennsylvanian  contact. 
Seine  of  the  Chester  limestones,  espedally  the  Rcelsville,  contain  iron,  in  the 
unweathercd  portions  mostly  in  the  form  of  pyrite  and  in  weathered  portions 
in  the  form  of  limonite.  Some  ores  from  the  contact  have  been  mined  in 
Lawrence  County,  bnt  commercial  quantities  are  not  abuiidaat. 
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Pennsylvanian  Ores.  The  Pottsville  division  of  the  Pennsylvanian  con- 
tains the  largest  deposits  of  iron  ore  in  Indiana.  The  basal  member  of  the 
Pottsville,  the  Mansfield,  which  in  many  places  is  a  conplomerate  or  coarse  sand- 
stone, is  in  other  places  a  ^iliciouii  iron  stone.  The  shale  which  in  places  lies 
bdow  tte  Xmnsftdd  eontains  in  many  places  bands  and  irregular  lenses  or 
masses  of  pyrite  and  limonite.  The  latter  is  sometimes  confined  to  the  weath- 
ered zone.  Shale  lying  above  the  Mansfield  sandstone  also  contains  kidney  ors» 
bands  and  irregular  nuksses.  Iron  ores  occur  in  the  PottsvfUe  in  Vermillion, 
Parke,  Vipo,  Clay,  Owen,  Greene,  Monroe,  Lawrence,  Martin,  Oranpe,  Craw 
ford  and  Perry  counties.  Ores  collected  from  Vermillion,  Vigo,  Clay,  Greene, 
M«nm^  Lawrenee  and  Martin  have  been  used  in  past  years  thoui^  none  of 
these  ores  are  being  used  at  the  present  time. 

The  average  composition  of  some  selected  samples  of  limonite  ore  from 
the  Manaftdd-Ghesteir  eontact  in  Lawrence  County  is  as  follows: 


Average  Analysis  of  Lawrence  County  Limonite. 

Hygroscopic  water  2.32   per  cent 

Combined  water    8.60 

Insoluble  silicates    ■^J^0 

Sesquioxide  of  iron  79.50 

Sesquioxide  of  manganese  ; . .  2.00 

Alumina   2.00 

Magnesia  carbonate  <....  426 

Lime  carbonate  655 

Phosphoric  acid  139 

Sulphur    trace 


A  large  area  east  of  Bloomfleld  in  Greene  County  eontains  iron  ores  be> 

lonprinfc  to  the  Pott.sville  division.  The  ores  are  of  two  kinds,  kidney  limonite 
ore  and  silicious  limonites  and  hematites.  The  compositions  of  a  sample  of 
the  former  is  given  bdow:** 


Analysis  of  Kidney  Ore,  Greene  County. 

Los.-i  on  i^ition,  water  (mostly)  and  inorganic 

matter   11.60  per  cent 

Insoluble  silicates    17.00 

Sesquioxide  of  iron,  some  protoxide,  and  tr. 

of  Mn   66.00 

Alumina    2.00 

Carbonate  of  lime   10.00 

Magnesia    8.50 


Total   100.00 

Total  iron,  3<J.20  per  cent. 

The  analysis  of  a  sample  of  the  silieious  ore  is  as  follows: 
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Analysis  of  Silieious  Ore,  Greene  County. 

Loss  by  ignition,  water   7.50  per  cent 

Insoluble  silicates  84.00 

Sesquioxicie  of  iron  64.78 

Alumina    2.50 

Manganese   1.14 

Lime    .12 

Magnesia   OS 

Total   100.02 

Total  iron,  38.31  per  cent 

Some  of  the  Ixst  iron  ores  of  Indiana  arc  in  the  Pottsville  of  Martin 
County.  The  beds  of  ore  range  in  thicitness  from  a  few  inches  to  fifteen 
or  twenty  or  more  feet.  The  purer  ores  are  seldom  more  than  four  or  fivt 
feet  thick.  A  larfrt*  area  in  the  ca-tf  '  ii  part  of  the  county  was  core  drilled 
in  1905.  The  analyses  of  forty-three  samples  of  the  ore  from  this  county 
show  the  followinfr  variation  in  constituents: 

Analyses  of  Martin  County  Iron  Ores. 

Range  per  cent 

Water    6.26  to  10.80 

Silica    6.30  to  56.90 

Iron  (metallic)   25.02  to  55.44 

Alumina  80  to  15.50 

Ferric  oadde  35.72  to  79.20 

Lime    tr.    to  20.00 

Phosphorus    tr.    to  1.624 

Sulphur   tr.  to  2.08 

Manganese    tr.  to  3.06 

The  southwp.^tcrn  part  of  Monroe  County  contains  iron  ores  belonprinff  to 
the  Pott-svillc  division.  These  ores  were  used  at  one  time  in  a  furnace  located 
on  Indian  Creek.  The  compoBition  of  a  sample  of  this  ore  is  as  follows: 

Metallic  iron  52.8  per  crat 

Insoluhir  .*............<••...  4.1 

Manganese   1.20 

niosphorus  24 

These  ores  occur  in  shales  in  bands  and  irregular  masses.    They  are 

often  pyritifei-ous  hut  ii.-iiially  of  the  !imonitr  type  in  weathered  zones. 

There  are  large  quantitie.s  of  silieious  ores  in  tliis  area  connected  with 
the  Mansfield  formation. 

The  Post-Pleistrtrcnc  Iron  Ores.  Since  t}ie  j^lacial  poi  iod  the  .^troams  and 
surface  waters  of  horthern  Indiana  have  been  draining  into  the  ponds,  lakes 
and  marshes  of  th4t  region  and  can-ying  in  solution  quantities  of  iron  which 
on  beinp  precipitat'td  through  the  action  of  organic  matter  formed  the  bog 
ore  of  that  region.  The  ores  are  usually  of  the  limonite  type  and  occur  in 
concretionary  masstes.  The  ore  is  found  in  the  marginal  deposits  of  Ufces 
and  marshes  and  in  layers  in  the  bottom  of  peat  bogs.  These  layers  are  rarely 
more  than  two  feet  thick.   It  also  occurs  as  masses  of  variable  sise  in  the 
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marsh  material,  such  masses  of  several  tons  are  occasionally  found.  The 
concentration  of  the  iron  may  be  seen  in  many  places  in  the  glaciated  area. 
The  water  which  falls  upon  tiie  irorfaee  passes  downward  throtiKh  the  porous 
(glacial  material  until  it  reaches  a  bed  of  impervious  til!,  follosvirnr  alonjr  the 
surface  of  the  till  it  Anally  reaches  the  surface  again.  In  the  meantime  it 
has  taken  the  iron  into  solution,  prohahly  in  the  form  of  a  earbonata,  and 
when  exposed  to  the  air  the  iron  compounds  are  quicldy  oxidised  and  pre- 
cipitated in  the  form  of  a  yellow  hydrated  oxide  of  iron. 

The  most  extensive  swamp  lands  of  the  roKnon  are  fouid  along  the 
Kankakee  River  wliich  controls  the  drainage  for  parts  of  seven  counties.  Bog 
ore  has  heen  revealed  in  many  places  in  this  area  by  drainage  ditches.  There 
are  also  u  laiKe  number  of  lakes  and  ponds  about  the  marein.s  of  which  peat 
and  bog  ore  have  been  found.  Smaller  marshes  and  peat  bo^s  are  distributed 
throujrhout  the  lake  rejiion  and  bop  ores  are  associated  with  many  of  them. 

Development."  During  the  period  from  1830  to  1895  iron  ore  was  smelted 
in  Indiana  and  native  ores  were  used.  During  the  early  part  of  the  period 
Indiana  was  one  of  the  leading  states  in  the  pro<!uction  of  iron.  The  first 
smelter  was  erected  in  northern  Indiana  at  the  present  site  of  Mishawaka  in 
St  Joseph  County  in  1834.  The  bogr  ore  from  along  the  marsh  lands  of  St. 
Joseph  River  were  used.  The  fuel  was  charcoal  burned  in  the  vicinity.  The 
iron  was  manufactured  into  cast  iron  kettles,  pots  and  other  household  utensils, 
and  later  stoves  and  railroad  iron.  A  second  furnace  was  started  at  this 
place  in  1847. 

A  smelting  furnace  was  established  at  Rochester  in  No^le  County  in 
184S.  The  ore  used  was  bog  ore  dug  from  Ore  Prairie.  Charcoal  was  used 
for  fuel.  About  the  year  ISaO  a  fui nare  was  located  at  Lima  in  Lagrange 
County.  The  ore  was  obtained  from  the  marsh  lands  along  Pigeon  River. 
•  The  ore  was  smelted  into  bar  iron  by  the  u.se  of  charcoal.   These  plants  were 

all  abandoned  by  the  year  1858. 

A  blast  furnace  for  smcltinp  iron  ores  in  Martin  County  was  established 
about  1870,  at  Irontown  just  east  of  Shoals.  The  furnace  was  destroyed  by 
an  explosicn  due  to  an  accumulation  of  gasea.  Some  «f  the  iron  ores  from 
Martin  and  Lawrence  counties  were  shipped  to  Jackson,  Ohio,  and  smelted  at 
that  place. 

A  furnace  was  established  on  Ridilaad  Creek  east  of  Bloomfield  in  1841. 

Charcoal  wa^  use<I  in  the  production  of  pig  Iron  from  ores  mined  in  the  vicinity 
from  the  Pottsville  division. 

The  Old  Virginia  furnace  was  located  on  Indian  Creek  in  Monroe  County 

almost  directly  south  of  Sanford  in  1840.  Ores  from  Greene  and  Monroe 
counties  were  used.  Charcoal  was  the  fuel  used.  A  blast  furnace  was  erected 
in  Braail  In  188T.  A  ftimaee  was  also  established  in  Knightsville  In  1868.  This 
was  a  double  furnace  costing  about  $200,000.  The  Masten  furnace  was  estab- 
lished north  of  Brazil  and  the  Star  furnace  at  Harmony.  Native  ores  were 
used  to  a  limited  extent.   Block  coal  was  used  as  fueL 

The  Vigo  Blast  furnace  was  established  in  Terre  Haute  and  did  not  cease 
operation  until  ISyr^  The  native  ores  of  Vitro  County  were  u.sed  to  a  limited 
extent.  They  consisted  of  clay  iron  bands  and  kidney  oi^e  Mncretions  from  the 
Allegheny  division  of  the  Pennsyhranian. 

The  Olfi  Indiana  furnace  in  Vermillion  County  made  use  of  the  .same  kinds 
of  ore.  It  used  charcoal  for  fuel.  An  attempt  to  use  coal  was  a  failure  and 
the  fiimace  was  not  operated  after  1859. 
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Chapibb  vn. 
LIME. 

'The  lime  industry  in  Indiana  is  an  important  one  but  it  has  not  readied 

that  state  of  development  which  thr  abundance  of  its  raw  materials  and  fuel 
supplies  warrant.  The  quality  of  the  raw  mnteriul  which  exists  in  gre&t 
abundance  and  the  accessibility  of  an  adequate  fuel  supply  should  cause  the 
State  to  take  hifl^  rank  as  a  produeer  of  line. 

Definition.  Lime,  or  quick-lime,  is  an  oxide  of  calcium  (CaO),  havinjr  a 
liigh  affinity  for  water  under  the  action  of  which  it  produces  a  new  chemical 
eompound  aeeompanied  by  the  jreneration  of  heat.  It  is  eomponed  of  71.42 
parts  of  calcium  and  28.r)8  parts  of  oxysen.  Since  lime  is  formed  from  lime- 
stone consisting  of  carbonate  of  lime  from  which  only  carbon  dioxide  is 
(diminated  if  the  limestone  be  pure  eakium  carbonate  tiie  resulting  product 
will  be  pure  lime.  Otherwise  the  lime  will  contain  whatever  impurities  are 
contained  in  the  limestone  save  such  as  are  volatile.  Small  amounts  of  silica. 


Plate  LXXXIIL    Flow  dicet  of  «  lime  ptanb 


and  oorides  of  iron  and  alumina  are  generally  present.  The  essential  composi- 

tion  of  lime  varies  with  its  USe.  A  building  lime  rc(]uire.s  crushing  strength, 
tensile  strength  and  bonding  power.  The^  qualities  may  be  improved  by 
the  presmee  of  small  amounts  of  silica  and  alumina  but  such  substances  are 

detrimental  to  chemical  lime.  The  presence  of  .Kmall  quantitie.*;  of  iron  com- 
pounds in  lime  used  for  masonry  mortar  is  permissible  but  not  in  finishing 
mortar. 

Properties.  Lime  in  the  pure  state  is  a  white  amorphous  .solid.  The 
presence  of  impmitie-  may  produce  yellow  or  blue  tint.s.  Overbrrned  lime 
is  generally  yellow  or  black  in  color.  Lime  is  infusible  and  non-volalile  except 
at  high  temperatures.  It  has  a  strong  affinity  for  water  with  which  it  unites 

and  forms  hydrated  lime.  It  i.<  porous  and  slakes  readily  in  water.  In  an 
excess  of  water  the  hydrated  lime  particles  remain  in  suspen.sion  forming 
milk  of  lime. 

Clfi^~t>-'firn*i')n.  Limc.<?  arc  rlas.?ificd  for  commercial  purposes  according 
to  their  composition  as  high-calcium  lime,  magnesian  lime,  dolomitic  lime  and 
soper-ddlomitie.  Hii^-ealeium  lime  is  manufactured  from  limestone  contain- 
ing more  than  nine^-three  per  cent  of  ealdum  carbonate  and  contains  lees 
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than  five  per  cent  of  magnesia.  Magnesian  lime  is  made  from  stone  con- 
tainiiiK  more  than  ■even  per  cent  of  nwgnedvin  eailNnuite  and  contains  txvm 
live  to  twcnty-fivp  per  cent  of  maR-nesia.  Dolomitic  lime  contains  from  five 
to  twenty-five  per  cent  of  magnesia  and  super-dolomitic  lime  contains  over 
forty-five  per  cent  of  magnesia. 

Mtmufaeture.  Quick-lime  is  manufactured  from  limestone.  The  limestone 
is  burned  or  calcined  in  kilns.  The  fust  kilns  were  of  a  simple  type  called 
intennittent  kiln.s.  The  kiln  was  built  of  stone  or  brick  and  the  firing  was 
eontinned  until  the  contents  of  the  kiln  were  calcined  when,  after  cooling,  the 
kiln  was  emptied.  The  term  "field"  kiln  has  been  supjrcstod  for  this  type  of 
kiln.  Three  types  of  continuous  kilns  are  recognized.  The  pot  kiln  is  a 
yertieal  shaft  kiln.  The  fnel  and  limestone  are  placed  in  the  kiln  in  alternate 
layer?.  The  flame  kiln  is  a  vertical  shaft  kiln  in  which  only  the  flame  of  the 
fuel  comes  in  contact  with  the  stone.  The  other  type  of  continuous  kiln  is 
the  rotary. 

The  primitive  tj'pe  of  field  kiln  was  constructed  of  limestone  filled  with 
alternate  layers  of  wood  and  limestone.  It  was  filled  one  day,  burned  for  two 
or  three  days,  cooled  for  two  days  and  then  emptied.  Objeetions  to  the 
periodic  method  of  burning  lie  in  the  loss  of  time  and  the  imparities  arising 
from  the  mixinp  of  more  or  less  ash  with  the  lime. 

The  flame  type  of  kiln  is  constructed  of  a  cylindrical  shell  of  steel  lined 
with  fire  brick  supported  by  a  back  wall  of  common  brick.  The  kilns  are 
cylindrical  in  the  upper  part  and  conical  in  the  lower  portion  which  is  used 
as  a  cooling  zone.  The  diameter  varies  from  6  to  12  feet  and  the  height 
from  25  to  50.  In  tills  type  of  kiln  the  fuel  does  not  come  in  contact  witii  the 
lime-tone  hut  is  fed  into  furnaces  near  the  base,  the  flame  rising  only  through 
openings  into  the  cupola.  Two  openings  in  the  fire  brick  stack  opposite  each 
Other  and  placed  from  three  to  five  feet  from  the  bottimi,  fonn  the  inner  ends 
of  the  fire  boxes.  The  Are  boxes  extend  outward  through  the  steel  casing 
and  have  a  length  of  four  feet  and  a  cross  section  of  two  by  three  feet.  The 
bottom  of  the  kiln  is  dosed  by  a  conical  steel  chamber  whidt  is  six  or  more 
feet  in  diameter  at  the  top,  eighteen  inches  at  the  bottom  and  four  feet  hi^. 
At  the  lower  end  of  tilis  cooling  chamber  the  lime  is  thrown  off  thcott|^  a 
door.  The  capacity  of  the  kiliM  vary  fnmi  eight  to  twdve  tons  per  twenly- 
fonr  hours.  Care  must  be  osed  to  keep  the  lime  below  the  fire  boxes  and  the 
unbumed  stone  above  them. 

Another  type  of  continuous  kiln  is  the  rotary  kiln  which  consists  of  a 
revolving  brick-lined  steel  cylinder  into  which  crushed  limestom  is  plaeed. 
The  rotary-  kiln  is  used  where  the  lime  is  to  be  hydrated. 

Cluingea  in  Calcining.  The  changes  which  take  place  when  a  pure  calcium 
limestone  is  burned  in  a  kiln  is  the  conversion  of  calcium  carbonate  into 
calcium  oxide  and  carbon  dioxide. 

The  chemical  equation  is:  CaCO<  t  heat=CaO  (Calcium  Oxide) -{-COi  (Car- 
bon dioxide). 

One  hundred  pounds  of  pure  limestone  will  produce  56  pounds  of  quick- 
lime and  44  pounds  of  carbon  dioxide.  If  the  limestone  is  a  mixture  of 
calcium  carbonate  and  magnesium  carbonate  the  products  are  lime  (CaO)  and 
magnesia  OiuO).  The  action  of  the  heat  in  driving  off  the  carbon  dioxide 
p:i  -  I  *  luiers  the  lime  porovs  even  though  the  original  limestone  were  very 
cuinpuct. 
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The  quantity  of  heat  required  to  drive  off  the  carbon  dioxide  (decarbona- 
tlon)  TmricB  with  ttie  dicmieal  and  physieal  properties  of  the  limestone  used. 
The  temperature  of  decarbonation  is  between  SSO'C  and  'JOO'C,  and  the  heat 
may  be  applied  with  a  high  temperature  for  a  short  period  or  with  a  lower 
temperature  for  a  longer  period.  The  temperature  should  not  he  raised  ahove 
l.OOO  to  1.200''C.  as  thire  is  danjfcr  of  overheating;  the  lime.  The  carbon 
dioxide  should  be  removed  as  rapidly  as  possible,  if  the  draught  of  the  kiln 
in  not  suffleient,  artificial  dran«rht  shonhl  be  eniikfed.  It  ia  estimated  that 
it  requires  373.5  calorics  to  convert  one  kilogram  of  caldum  carbonate  into 
lime,  or  the  equivalent  of  747  B.  T.  U. 

UwH.  To  mention  all  the  uaen  of  lime  would  require  the  enumeration  of 
a  long  list  of  meehanieal  arts  and  industries.  Broadly  speaking,  about  one- 
half  of  the  lime  produced  is  used  for  structural  purpo'^s  lin^^  mortars, 
plasters,  cement  mortars,  concrete  and  white  wash.  Both  quick-lime  and 
hydrated  lime  and  also  calcium  and  magnesium  lime  are  used  as  structural  ma* 
terials. 

GUms  Industry.  Lime  is  used  in  the  manufacture  of  glass.  Many  glass 
manufacturers  prefer  a  high  calcium  lime,  others  a  magnesium  lime.  Both 
kinds  arc  manufactured  in  Indiana  and  the  glass  factories  should  ttcperlence 
no  difficulty  in  supplying  their  needs  from  the  home  products. 

Sugar  Refining.  Both  lime  and  carbon  dioxide  are  used  in  the  refining 
of  sugar.  About  one  per  cent  of  the  total  production  of  lime  is  used  in  this 
industry.  The  lime  is  used  to  remove  the  excess  of  organic  acids  and  to 
coagulate  the  albumen  and  mucous.  The  carbon  dioxide  is  used  to  remove 
the  calcium  whidi  unites  with  the  sugar. 

Paper  .Mttking.  The  lime  used  in  the  manufactttre  of  paper  is  about  five 
per  cent  of  the  total  production.  Lime  is  used  in  cleansing  materials  u.sed  in 
paper  manufacture.  Soft  wood  pulp  is  boiled  in  a  solution  of  sodium  carbonate 
which  has  been  made  alkaline  by  the  addition  of  lime.   Resinous  wood  pulp 

is  boiler!  in  sulphurous  acid  and  milk  nf  lime  to  remOVS  the  tars  and  Oils. 
In  the  bleaching  of  the  pulp  calcium  chloride  is  u.sed. 

Ckemieal  Ltme.  Lhne  used  in  chemical  works  amounts  to  about  one- 
seventh  of  the  total  production.  It  is  used  in  the  nnauf  •<  tu  i  e  of  caldttm  eom- 

pounds,  as  a  desiccator  and  an  ab.sorbent.  Common  calcium  compounds  pro- 
duced are  calcium  chloride,  calcium  carbide,  calcium  cyanide  and  calcium 
nitrate. 

Tanning.  A  strong  .solution  of  milk  of  lime  is  used  to  remove  the  hair 
from  hides,  and  to  dissolve  the  fats  and  loosen  the  fibers  and  render  the 
leather  pliable.  A  depilatory  paste  is  made  by  mixing  sodium  sulphite  with 
the  lime. 

Soa}i  yfakituf.  Lime  is  used  to  obtain  the  alkaline  hydroxides  used  in 
the  manufacture  of  soap.  The  effect  of  lime  on  oils  u.sed  in  soap  manufacture 
is  to  form  organic  salts  of  calcium  which  is  easily  replaced  by  sodium  or 
potassium  from  some  of  their  compounds,  to  form  the  soluble  soaps  of 

commerce. 

Agrieultural  Lime.  Quick-lime  and  ground  limestone  are  both  applied  to 
soils  to  correct  acidity.  Quick-lime  should  be  used  only  on  those  soils  which 
carry  a  high  per  cent  of  organic  matter.  The  caustic  action  of  the  Ume  on 
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organic  matter  in  soil  causes  too  rapid  depletion  unless  the  organic  matter  is 
unusually  abundant.  On  peat  or  muck  .'ioils  the  application  of  quick-lime 
brings  quick  returns. 

Raw  Matrriabt.  Limestones  suitable  for  the  manufacture  of  lime  are 
widely  distributed  in  Indiana.  Limestones  suitable  for  the  manufacture  of 
lime  are  found  in  Silurian,  Devonian,  Mississippian,  Pleistocene  and  Recent 
strata. 


Piste  LXXXV.    Interior  vivvr  of  Mitchell  lime  plant,  near  Mltrhcll.  IndiiinR. 

Lime  Industry.  The  amount  of  lime  produced  in  Indiana  is  not  as  large 
as  the  quality  of  the  raw  material  and  the  quantity  and  accessibility'  of  fuel 
would  warrant.  As  long  as  the  amount  of  lime  shipped  from  other  states 
and  consumed  in  Indiana  is  greater  than  the  amount  of  the  home  product 
consumed  ideal  conditions  have  not  been  attained.  In  1917  118,530  tons  of 
lime  were  produced  in  Indiana,  75,444  tons  shipped  out  of  the  State,  46,772 
tons  shipped  into  the  State  and  43,086  tons  of  the  home  product  consumed 
within  the  State.  The  production  of  lime  in  Indiana  since  1903  is  given  in 
the  following  table: 
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Production  of  Lime. 


Ymt 


19M 

igo6. 

1005. 
1807. 
1906. 

190?). 

191U. 

1911. 

1912 

1913. 

1014. 

1018 

1010. 

1017. 


100.703 
100,408 

114,819 
107,964 
05.968 
09.. T2.') 
S6,8U 
02,230 
96,086 
06,350 
99,185 
!Kt.<Jl6 
121,306 
118,580 


I 


1349.499 
806,866 

335,151 
208,570 

.Tr),i.-)i 

301,304 
324.050 

.'?29,S<)3 
323,903 
358.739 

495,283 
646,555 


Quantity- 
Rank  by  States 


14 

11 

14 

10 

11 

12 

13 

12 

11 

10 

10 

0 

11 

8 

10 

8 

11 

6 

Ploota 


Sihman.  Limestones  of  Sifnrlan  age  i-eadi  the  surface  in  northern  and 
eastern  portions  of  Indiuna.  (Soc  map  for  distribution.)  These  limestones 
are  suitable  for  the  manufacture  of  lime.  The  limestones  in  the  northern 
part  of  the  area  contain  lar^e  percentages  of  mafrnesium  carbonate.  Those  in 
the  southern  portion  contain  more  caldtim  and  less  mugnesinni.  The  analyses 
of  samples  of  the  Silurian  limestonps  containing  a  high  per  cent  of  mnj^nesia 
are  given  in  the  folIowin>j  tabic:     (No.  1  Dplphi,  others  from  Huntington.) 

Analyses  of  Silurian  Limestones  High  in  Magnesia. 
Dr.  R.  E.  Lyons,  Ahnlyst 


No.l 

No.  2 

No.  3 

No.  4 

Calcium  carbonate  (CaCO,)  

.54.53 

r^:i .  22 

63.03 

SO.  20 

.43.92 

44. 9G 

34.15 

38.88 

Iron  oxide  and  Alumina  (Fe«0^  AliO«) . 

.  .61 

.23 

2.62 

.49 

.  .19 

.69 

.07 

.85 

.  .18 

.11 

.13 

1.80 

Total   99.33       99.11       100.00  100.22 


The  following;  analyses  are  of  Silurian  limestones  having  a  high  calcium 
and  a  low  magnesium  content. 


No.  1 

No.  2 

NaS 

No.  4 

 74.02 

83.00 

9(>.02 

98.17 

6.30 

1.04 

.26 

2.60 

2.00 

« 9ft 

.'S.SO 

1.04 

6.86 

1.00 

(H,0) 

.08 

96.10 

100.08 

100.28 

Digitized  by  Google 


772 


Department  of  Conservation 


No.  1  and  No.  2  Decatur  County,  E.  T.  Cox,  Analyst.  No.  'd  Cass  County, 
Dr.  J.  N.  Hurty,  Analyst.    No.  4  Madison  County,  Dr.  W.  A.  Noyes,  Analyst. 

Devonian  Limestones.  Limestones  belonf^in^  to  this  period  outcrop  in  the 
southeastern  part  of  Indiana.  Only  in  very  limited  areas  are  the  Devonian 
limestones  suitable  for  making  lime.  They  arc  more  useful  in  the  manufac- 
ture of  natural  and  Portland  cements.  The  hydraulic  limestone  used  for  the 
manufacture  of  natural  and  Portland  cement  contains  from  fifty  to  sixty 
per  cent  of  calcium  carbonate  and  from  sixteen  to  ihirty-five  per  cent  of 
ma^esium  carbonate. 

Mississippian  Limestones.  The  Mississippian  strata  of  Indiana  contain 
many  beds  of  limestone  which  ai*e  well  adapted  to  the  manufacture  of  lime. 


Plmtc  LXXXVI.    Qiui'.y  nnO  PIbhI  u;  ihc  Dcli>hi   Limo  (<>..  UtOiihi. 


The  formations  which  contain  suitable  lime.stones  arc  the  Harrodsburg  (War- 
saw), the  Salem  (Oolitic),  the  Mitchell  and  limestones  of  the  Chester  group. 

Harrodsburg  Limestone.  This  limestone  which  lies  upon  the  Knobstone 
outcrops  in  an  irregular  line  running  through  Floyd,  Clark,  Washington, 
Jackson,  Lawrence,  Monroe,  Owen,  Putnam,  Parke,  Montgomeiy  and  Foun- 
tain counties.  The  width  of  the  outcrop  varies  from  a  few  feet  to  several 
miles.  The  strata  consist  of  thin  irregularly  bedded  layers  among  which  there 
are  often  one  or  two  heavy  bedded  or  massive  layers.  The  thickness  of  the 
foimation  varies  from  sixty  to  ninety  feet. 

Salem  (Oolitic)  Limestone.  This  lime.stone  overlies  the  Harrodsburg 
and  the  line  of  its  outcrop  extends  from  the  Ohio  River  in  Harrison  County 
into  Putnam  County.  The  thickness  of  the  formation  varies  from  a  few  feet 
to  one  hundred  feet.  It  is  generally  massive,  containing  few  bedding  planes. 
The  limestone  is  granular,  the  grains  consisting  of  minute  shells  or  fragments 
of  .shells  which  are  cemented  with  calcium  carbonate.  Some  of  the  shells 
arc  covered  with  concentric  layers  of  lime  carbonate  and  occasionally  a  true 
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odlite  is  minified  with  the  shells.  This  limestone  has  a  high  calcium  content 
and  is  especially  well  adapted  to  the  manufacture  of  hif^h  calcium  lime.  The 
analysea  of  several  samples  of  the  stone  are  given  in  the  following  table: 

Analyses  of  Salem  Limestone. 
W.  A.  Noycs,  Analyst 


No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

Calcium  carbonate  (CaCOi) .  .  . 

98.27 

98.11 

97.90 

98.16 

98.20 

Mafrnesium  carbonate  (MgCO>) 

.84 

.92 

.65 

.97 

.89 

.  .64 

.86 

1.26 

.76 

.68 

.  .15 

.16 

.18 

.15 

.89 

99.90 

100.06 

99.99 

100.04 

99.61 

No.  1,  Bedford.   No.  2,  Hunter  Vall^.  No.  8,  Ramona.  No.  4,  Twin 

Creek.  No.  5,  Bedford.  The  total  lime  forming  content  of  these  gitnpl4» 
averages  about  ninety-nine  per  cent 

The  Salem  limestone  has  lieen  used  mceessfully  in  the  maaufaetare  of 
lime  at  Bedford,  Salem  and  other  places.  The  gromid  Uneetene  is  used  by 
many  glass  factories  in  the  State. 

Mitchell  Limestone.  This  formation  consists  of  a  stratum  of  heavily 
bedded  limestones  overlyinfc  the  Salem  and  extending  along  its^  outcrop  from 
the  Ohio  River  in  Harrison  County  to  beyond  the  northern  extension  of  the 
Salem  into  Parke  and  Montgomery  counties.  The  thickness  of  the  formation 
varies  from  ISO  to  350  feet.  The  upper  part  of  the  formation  contains  thin 
layers  of  shale  and  some  layer.';  of  chert  and  cherty  limestones.  The  average 
analysis  of  four  sampler  uf  Mitchell  limestone.s  is  a.s  follows: 

Average  Analysis  of  Mitchell  Limestones. 


Calcium  carbonate   98.06 

Magnemum  carbonate  91 

Iron  oxide  and  alumina  21 

Insoluble  (sUica,  etc)   91 


Total   99.61 


This  limestone  has  been  used  Bnceessfolly  in  the  manufacture  of  lime  at 

Milltown,  Mitchell,  Putnamville  and  other  places. 

Chester  Limestones.  In  the  Chester  group  are  a  number  of  beds  of 
limestone  wliich  are  intercalated  with  beds  of  shale  and  sandstones.  The 
lowennost  one  which  can  be  definitely  separated  from  the  Mitchell  is  the 
Beaver  Bend  limestone  which  usually  attains  a  thickness  of  fourteen  feet. 
The  Keelsville  which  lies  above  the  Beaver  Bend  limestone  and  is  separated 
from  it  by  twenty  to  flfty  feet  of  .sandstone  or  shale  does  not  reach  a  thick- 
ness  of  more  than  ten  feet.  The  Beech  Creek  limestone  usually  attains  a 
thickness  of  twelve  feet  and  is  separated  from  the  Reelsville  by  from  thirty 
to  flfty  feet  ef  shales  or  sandstones.  The  CSolconda  limestone  attains  a  thick- 
ness of  thirty  feet  and  the  Glendean  a  thickness  of  twenty-five  feet.  Several 
of  these  limestones  have  been  used  locally  in  the  production  of  lime. 

Mails.  The  gladal  lakes  of  Indiana  contain  quanities  of  mail  which  is 
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composed  chiefly  of  carbonate  of  lime  suitable  for  the  manufacture  of  lime. 
Th*  avttftfe  of  live  aaalyna  of  this  moil  to  as  fdlowa; 

Averacc  Analysis  of  Indiana  Marls. 


Caleitim  eaybonate  (CaCO.)  88.80 

Magnesium  carbonate  (Mg€0>)   8.16 

Iron  oxide  and  alumina  (FeiOi,  Al^t  85 

Insoluble  (Silica,  etc.)  8.91 

Organic  matter   8.01 


98.89 

See  tlie  diaeiie^n  of  marl  for  its  ocearrenoe,  properties  and  distrilnitioii. 

THE  UME  INDUSTRY  IN  INDIANA. 

HuntmgUm.  The  Kelley  Island  Lime  and  Transport  Com  puny  operates 
eighteen  upripht  kilns  at  Huntinpton.  The  limestone  used  is  Silurian 
(Niagara)  and  contains,  according  to  analyses  of  the  company,  55.32  per 
cent  «f  cakiimi  carbonate,  48.86  per  cent  of  magnesinm  carbonate  .54  per  cent 
of  silica  and  .28  per  cent  of  iron  and  alumina. 

The  oomposition  of  the  lime  produced  is  given  as  follows: 

Per  cent 


Caidom  oxide   58.16 

Ma^csinm  oxide  88.80 

Silica   53 

Iron  and  alumina  80 


The  capacity  of  the  kilns  is  126  tons  of  lump  lime  or  150  tons  of  hy- 
dratcci  lime  per  day. 

The  lime  is  used  for  agricultural,  building  and  chemical  purposes.  Some 
ef  Its  uses  in  tile  arts  and  trades  are  as  a  aoSl  neutralizer,  as  masonry  lime, 
in  sulphite  paper  pulp  manufacture,  in  glass  makiuK  us  a  flux  for  flint  glaaa. 

Salem,  At  Salem,  Washington  County,  limo  has  been  manufactured  for 
many  years.  First  by  the  Salem  Stone  and  Lime  Company  then  by  the  Salem 
Bedford  Stone  Company  and  still  later  by  the  Union  Cement  and  Lime  Com- 
pany. The  Salem  (oolitic)  limestone  is  used  for  making  the  lime.  Some  linoe 
is  still  being  manufactured  at  this  point. 

Ds^pM  ZAme  Company.  The  Delphi  Lime  Company  is  located  at  Ddphi  in 
Carroll  County.  The  lime  is  manufactured  from  Silurian  (Niagara)  lime- 
stone. Wood  is  used  for  fuel  in  vertical  cylindrical  steel  kilns.  The  composi- 
tion of  the  lime  from  an  analysis  fnmidied  bf  the  company  to  as  follows: 


Calcium  oxide  (CaO)  90.20 

MagTiesium  oxide  (MpO)   n.08 

Iron  and  aluminium  oxides  (FesOi,  AUO«)   1.70 

Petassium  and  sodium  oaddes  (KiO,  Na/»   1.54 

Silicon  oxide  (SiO.)  16 

Moisture  (H,0)   80 

Total   90.97 


The  aoeompanying  cut  is  fnrni  a  photograph  supplied  by  the  company. 
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Silicon  oxirlr  (SiQt)  IB 

Moisture  (H,0)   80 

Total   99-97 

The  Mcompanying  cut  is  from  a  photograph  supplied  by  the  compai^. 
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Hurley  Broa.  Lime  Company.  The  property  of  this  company  is  located 
on  a  switch  of  the  Honon  north  of  Delphi.  The  tiiree  kilns  operated  hy  the 
company  arc  of  stone  and  arc  seven  feet  inside  diameter,  with  an  ou^ut  ol 
225  busheb  each  per  day.  The  burning  is  by  the  continuous  process,  coal 
and  a  snaB  amoant  of  wood  being  used  as  AmL**  An  anaUrsis  of  the  lime- 
stone naed  was  made  hy  Dr.  R.  E.  lorons  with  tiie  foUewing  resolt.^ 


Mitchell  Lime  Compnny  of  ChiaKjo.  The  Mitchell  Lime  Company  of 
Chicago  operate  a  quarzy  and  a  plant  for  the  manufacture  of  lime  at  Mitchell. 
The  quarry  is  located  in  the  Mitdiell  limestone  of  the  HissisBippian.  The 
limestone  contains  an  nveragc  of  more  than  ninety-six  per  cent  of  calcium 
carbonate.  The  thickness  of  the  limestone  at  the  quarry  is  from  eiffhty  to 
one  hundred  feet.  The  limestone  is  broken  from  the  face  of  the  quarry  by 
blasting.  The  limestone  is  hand  picked  and  the  caldned  product  is  spread  upon 
a  cooling  floor  and  selected. 

Two  kinds  of  lime  are  manufactured:  Chemical  lime  (quick-lime)  and 
hydratsd  lime.  The  lump  lime  is  crushed  and  passed  thnmi^  the  hydrator 
which  consists  of  "six  encloscfl  vertical  pteel  cylinrlers.  one  mounted  on  top  of 
the  other.  Up  through  these  cylinders  rushes  a  continuous  stream  of  vapor. 
What  the  crushed  lime  reaches  the  hydrator  it  is  carried  by  a  paddle  con- 
veyor. As  the  lime  moves  along,  numerous  fine  streams  of  water  play  over  it 
from  the  supply  pipe  above".  After  leaving  the  hydrator  the  lime  passes 
throui^  an  air  separator  which  separates  the  fine  partidfls  of  lime  from  any 
impurities  or  grit  whidi  it  may  contain.  The  MitdMli  lime  is  said  to  hare 
been  used  with  success  in  the  manufacture  of  soap,  paper,  rubber,  varnish, 
insecticides  and  in  oil  refining,  dehairing  hides,  sanitation,  water  purifica- 
tion and  a  large  number  of  other  purposes. 

The  accompanying  illustration  of  the  plant  and  quarry  was  furnished  by 
the  company. 

AfSttoam.*  Lime  has  been  manufactured  from  the  IffltdMill  limestone  at 
this  point  for  many  years.  The  J.  B.  Speed  Company  and  the  Eichel  Company 
have  operated  quarries  at  Milltown  for  the  manufacture  of  lime  for  many 
years.  No  reports  of  production  have  been  received  from  these  companies 
recently. 

*Iiid.  OmI.  Sor.  SBIh  An.  Ilwt.  p.  SM. 


Analysis  of  Stone  from  Harley  Bros.  Quarry. 


Calcium  carbonate  (CaCO.)  

Magnesium  carbonate  (MgCO«)  

Ferric  oxide  and  alumina  (PoiOb+AliOi) 

Insoluble  residue  (silica)  

Sulphuric  anhydride  (S0«)  


54.53 
48.92 


.51 

.19 
.18 


M.88 
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Chaitkr  VIII. 
MAKL  AND  NATURAL  ABRASIVES. 
MarL 

The  lak«  basins  of  northern  Indiana  contain  deposits  of  ealeium  earbooate 

mixed  with  orj?anic  matter  and  slijrHt  amounts  of  other  impurities.  Such  de- 
posits are  common  in  the  glaciated  area  of  the  United  States  where  lake 
basins  are  abundant. 

Definition.  Marl  is  chiefly  an  amorphous  form  of  calcium  carbonate  con- 
taining organic  matter  and  frequently  small  quantities  of  sand,  clay  and 
other  impurities. 

Propertien.  Marl  is  a  soft  granular  to  earthy  material  of  white  color 
usually  though  the  color  depends  upon  the  kind  and  quantity  of  the  impurities 
contained.  Free  from  impurities  it  is  milky  white  or  greenish  white.  The 
porosity  of  marl  is  high  giving  it  power  to  absorb  a  large  quantity  of  water. 
The  fineness  of  grain  varies  from  coarse  pranular  to  microscopic  particles. 
The  mass  shrinks  markedly  leaving  large  cracks  on  the  surface  when  it  dries. 
It  is  readily  eotable  in  bydroeblorie  acid  and  easily  recognized  by  its  efferves- 
cence 

CompoKition,  The  principal  chemical  compound  of  marl  is  calcium  car- 
bonate but  some  magnesium  carbonate  is  generally  present  Oifaaic  matter* 

iron  compounrls.  alumina  and  .><ilica  arc  common  impurities.  The  compocition 
of  Indiana  marl  is  given  in  the  following  table:" 

Analyses  of  Indiana  Marl. 


No.1 

No.  2 

No.  8 

No.4 

84.00 

90.67 

84.76 

Magnesium  carbonate  (IfgOOi) . . . 

6.46 

2.42 

8.84 

...  1.31 

1.34 

.06 

.16 

.26 

.35 

3.68 

2.87 

6.69 

4.52* 

2.48 

4.61 

No.  1.  Average  of  six  samples  from  Big  Turkey  Lake.  W.  R.  Oglesby, 
Analyst  No.  2.  Silver  Lake,  C.  R.  Dryer,  Analyst.  No.  3.  Tippecanoe  Lake, 
W.  A.  Noyes,  Analyst.    No.  4.  Little  Eagle  Lake,  W.  A.  Noyes,  Analyst 

Mode  of  Oeeurrenee.  The  marl  deposit.^  of  Indiana  occur  in  exi.stin^  lake 
basins,  ponds  and  marshes,  and  in  the  former  basins  of  extinct  lakes.  The 
marl  occurs  in  all  parts  of  the  lakes  resting  on  the  floor  of  the  lake  .sometimes 
bdBR  thicker  at  the  margins  and  .sometimes  in  the  center.  After  beinir  de- 
posited nenr  the  marpins  it  may  be  moved  toward  the  deeper  water  by  cur- 
rents. It  re&ts  upon  beds  of  clay,  sand  or  gravel  and  is  often  covered  with 
peat  or  muck.  The  prcMmt  dqith  of  the  water  is  no  indication  of  the  thick- 
ness of  the  marl  but  fhiek  deposits  of  marl  are  indications  of  greater  depths 
of  water. 

Site  of  Marl  Dtpotitm.  The  marl  deposits  of  Indiana  vary  in  area  from 

a  few  acres  to  several  hundred  acres.  The  majority  of  the  depo.sit.s  have  areas 
of  less  than  one  hundred  acres  but  many  have  larger  areas.  The  thickness  of 
tiie  deposits  ranges  from  a  few  indict  to  forty  w  move  feet 
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Origin.  The  marl  is  deposited  from  the  lake  water.  Its  original  source 
is  from  beds  of  sands  and  gravel  throag:h  which  trround  waters  flow  on  their 
way  to  the  lake  basins.  Mixed  with  the  sanda»  gravels  uml  till  ure  quantities 
of  carbonate  of  lime  from  limestones  which  were  ground  up  by  glaciers  and 
mixed  with  the  debris  which  they  left  in  their  final  retreat.  By  the  aid  of 
eariwa  dioxide  this  caldum  earbonate  is  taken  into  solution  by  circulating 
frround  waters  and  carried  into  the  lakes.  If  none  of  the  calcium  carbonate 
were  removed  it  is  conceivable  that  the  point  of  saturation  might  be  reached 
and  predpitation  oeevr  but  the  caleium  eariMmate  ■eems  to  have  been  re> 
moved  long  before  the  point  of  saturation  has  been  reached.  Its  removal  is 
aeeompiished  seemingly  by  organisms.  Plants  such  as  Chara  are  thought  to 
absorb  the  sohible  bicaibonate  of  lime  rob  It  of  carbon  dioxide  and  seerete 
the  monocarbonate  form  which  sinking  to  the  floor  of  the  lake  forms  the 
marl.  Certain  forms  of  algs  and  bacteria  are  probably  other  agents  of 
seeretion.  Perhaps  aoine  of  the  ealdnm  earbonate  is  precipitated  throng 
change  in  temperatnre  or  pressure  of  the  gnwnd  water  when  it  enters  the 
lake. 

Uses  of  Marl.  Marl  when  pure  may  be  used  for  many  of  the  purposes  for 
which  limestone  is  used.  It  may  be  used  in  the  manufacture  of  lime,  cement, 
glass,  polishing  powder  and  as  a  soil  addendum.  Marl  was  formerly  used 
in  Indiana  in  the  munufacture  of  lime  but  with  the  establishment  of  the 
large  limestone  burning  kilns  the  practice  ceased.  On  account  of  the  water 
content  which  mu«t  be  eliminated  before  burning  it  is  not  probable  that  marl 
can  compete  with  limestone  in  the  manufacture  of  lime. 

Marl  has  been  used  in  Indiana  for  many  years  in  the  manufacture  of 
Portland  cement.  Some  of  the  plants  using  marl  have  suspended  operations 
but  there  are  two,  one  at  Stroh  and  one  at  Syracuse  that  continued  to  use  it. 
However,  tlie  latter  is  malring  arrangements  to  vse  limestone  instead  of  marl. 
The  marl  i.^  user!  with  placial  clay  in  the  manufacture  of  Portland  cement. 
The  principal  objection  to  its  use  is  the  large  amount  of  water  which  must 
be  eliminated  at  great  expense  for  fuel. 

In  the  manufacture  of  plass  ground  marl  could  be  used  when  the  marl  is 
frse  from  impurities  which  are  injurious  to  glass.  The  marl  would  be  easier 
ground  tluun  limestone  but  the  absorbed  water  would  be  a  troublesome  factor. 

As  an  ingredient  of  scouring  soaps  to  furnish  the  grit  marl  could  be 
used  as  it  is  granular  and  fine  of  grain.  It  can  also  be  used  as  a  polishing 
and  buffing  material  but  it  is  uncertain  whether  marl  can  compete  with  chalk, 
ground  limestone  or  other  substance.-^  ut-ed  for  these  purposes. 

Marl  is  as  useful  as  ground  limestone  for  treating  soils  to  remove  acidity 
and  to  make  the  growing  of  leguminous  crops  more  profitable.  The  nitrogen 
content  of  soils  may  be  increased  by  marling  the  soils  and  growing  crops  Of 
clovei  and  plowing  them  under.  Thf  mechanical  condition  of  the  soil  can 
also  be  improved  by  the  addition  of  marl  which  renders  a  clay  soil  more  porous 
and  a  sandy  soil  more  retentive  of  moisture.  Many  areas  of  soil  in  Indiana 
are  in  need  of  the  neutralizing:  effect  of  marl,  especially  soils  that  have  been 
in  cultivation  for  many  years,  exposed  to  the  leaching  action  of  agricultural 
processes,  which  cause  a  more  rapid  removal  of  lime  carbonate  than  can  take 
place  in  fallow  soils.  The  u.se  of  marl  for  correction  of  acidity  should  appeal 
strongly  to  those  farmers  having  lands  in  the  vicinity  of  the  marl  deposits. 
Lime  or  gimuMt  limestones  should  not  be  used  by  them  except  on  the  grounds 
of  eooMoy  which  would  be  difBcuIt  tn  establidi. 
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Natural  Abrasives. 

Definition.  The  term  includes  those  natural  substances  or  products  which 
are  used  for  ^rindinf?  or  polishing.  A  great  many  minerals  and  rocks  are 
used  for  such  purpose.s.  Among  the  minerals  are  corundum,  diamond,  feldspar, 
garnet  and  quartz.  Among  the  lock.s  are  chert,  flint,  emer>',  sand,  sandstone, 
quartzite,  pebbles,  conglomerate,  tripoli,  pumice,  volcanic  ash,  schist,  diato- 
maccous  earth  and  novaculite. 

Uses.  Sandstones  and  quartz  conglomerates  are  used  in  the  manufacture 
of  millstones  and  buhrstone-s.  Sandstones  are  used  in  the  manufacture  of 
grindstones  and  pulpstones.    Sandstones  and  ."ichists  in  the  manufacture  of 


PImte  LXXXVII.    Outcrop  of  ManaficM  Snndstonc,  used  as  an  abnutvc.  Orange  County.  Indiana. 


whetstones  and  sandstones  and  novaculite  in  the  manufacture  of  oil  stone.<;. 
Pumice,  volcanic  ash,  tripoli  and  diatomaceous  earth  are  used  for  polishing 
powders  and  in  scouring  .<:oaps.  Quartz  and  garnet  are  u.'ied  in  the  manu- 
facture of  sandpaper.  Diamond.s  in  glass  cutters,  diamond  drills,  diamond 
saws  and  to  cut  and  poli.'ih  diamonds.  Corundum  is  u.'^ed  in  the  manufacture 
of  corundum  wheels  and  emer>"  in  the  manufacture  of  emery  wheels.  Quartz 
pebbles  are  u.<ed  in  pebble  mills  for  grinding  raw  materials  and  such  products 
as  cement  anr'  talc. 

Among  the  minerals  named  as  abrasives  ri.'y  quartz  occurs  in  any  abund- 
ance in  Indiana.  Small  quantities  of  all  of  them  occur  in  the  glacial  drift  but 
they  do  not  occur  in  workable  quantities.  The  quartz  occurs  verj*  rarely  as 
vein  quartz.   It  occurs  as  crystals  in  concretionary  forms  called  "geodes".  It 
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occurs  in  the  form  of  flint  in  limestones  and  in  beds  of  chert.  Quartz  pebbles 
are  abundant  in  (facial  drift  and  in  river  (gravels. 

Rocks  suitable  for  the  manufacture  of  certain  forms  of  abrasives  are 
abundant  in  Indiana.  For  many  years  some  of  these  rocks  have  been  used 
in  the  manufacture  of  scythestones,  whetstones  and  oil  stones.  Some  of  the 
sandy  shales  and  sandstones  of  the  Knobstone  are  suitable  for  the  manufacture 
of  whetstones.  As  are  also  some  of  tho.se  from  the  Chester  division  of  the 
Mississippian.  Fine  to  coarse  orrained  sandstones  occur  in  the  Fennsylvanian 
rocks  which  are  suitable  for  abrasives  purposes.  Rocks  of  this  period  occurring 
in  Lawrence,  Martin  and  Orange  counties  have  been  used  in  the  manufacture 
of  abrasives. 


Plat4>  LXXXIX.  A  wheutonc  fiirtory  in  Oi«n>rt'  rounty  iioiir  OmriKi'vlMj'.  SAn<|Nt<in<-« 
of  the  MisjiiiuiipiiiBn  and  Pcnnxylvanian  SyxtrmK  are  used  in  the  manufaeture  of  whetstones 
and  oilatonea. 


A  factory  located  between  GeorR-ia  and  Orantrcville  has  been  in  successful 
operation  for  a  number  of  years.  Whetstones,  coar.se,  medium  and  fine,  and 
oil  stones  have  been  manufactured  for  many  years  and  the  product  shipped 
to  all  parts  of  this  countr>'  and  to  forei)^  countrie.s.  The  stone  is  quarried 
from  quarries  near  the  factory  and  sawed  with  steel  K'^nf;  saws  fed  with  sand 
obtained  from  a  quarry  in  the  Mansfield  sandstone  near  the  factory.  The 
stones  are  (ground  on  rotating  disks  covered  with  water  carrying  sand. 

The  Hindostan  .sandstone  is  used  widely  for  oil-stoncj^  and  merits  the 
attention  given  it  in  the  abrasive  market.  A  deposit  of  sandstone  suitable  for 
whetstones  occurs  near  Clay  City  in  Clay  County.  This  sandstone  lies  above 
the  Minshall  Coal  and  is  ten  to  fifteen  feet  thick  at  the  outcrop. 
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Sands  used  for  sawing  buildinir  stone  are  obtained  from  the  dune  area 

near  MichiRan  City.  This  sand,  because  it  contains  no  iron  or  clay  to  stain 
the  stone,  is  well  adapted  to  stone  cutting.  Some  of  the  Mansfield  sands  and 
some  of  the  river  sands  could  be  used  for  feeding  gang  sawa. 

Buffing  MaUnah.  The  raw  nwteriale  of  Indiana  wfaldi  coaM  be  need  fbr 
buffinfr  powders  are  the  white  kaolin  which  may  be  reduced  to  an  impalpable 
powder.  The  ground  Salem  limestone  or  the  manufactured  lime  of  Indiana 
may  be  uied  for  bnfflnir-  Another  promising  material  is  the  stained  kaolin 
known  :is  mahogany  clay. 

Pebbles  for  use  in  pebble  mills  could  be  selected  from  glacial  pebble  de- 
posits and  from  river  jrravels.  The  lack  of  uniformity  in  site,  shape  and  com- 
position of  such  pebbles  would  necessitate  hand  picking,  an  expensive  opera- 
tion and  one  which  would  probably  prevent  competition  with  foreign  sources. 

The  flints  and  cherts  of  Indiana  do  not  olTer  great  promise  of  being 
abrasive  sources.  The  most  abun  iant  form  of  quartz  occurs  in  the  ^reodes 
at  the  base  of  the  Harrodsburg  limestone.  The  uses  of  quartz  in  such  a  form 
would  probably  be  so  limited  that  preparatory  processes  would  be  necessary. 

Cherts  occur  in  the  Mitchell  and  in  some  of  the  Chester  Umestones  and 
may  be  found  in  form  and  abundance  sufflcient  for  vse. 


Analyses  of  Chert. 


LchiKh  Portland  Cement  Co,, 
.Mitchell,  Lawrence  Co  . .  . 

J.  U.  S|»eed  *  Co.,  MilHown, 
Crawford  C'o  

The  "A.  A-  (\"  Quarry,  Bast 
of  Greeiicastle,  Ind..  
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3.06 
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2.90 

16  22 

tr. 

CHAFm  IX. 

MINERAL  WATERS. 

Mineral  waters  arc  natural  waters  which  contain  in  solution  either  large 
amounts  of  common  substances  or  small  amounts  or  rare  substances  and  which 
arc  used  for  remedial  purposes.  The  minerals  in  such  waters  have  been  obtained 
from  the  rocks  of  the  crust  of  the  earth  through  which  or  over  which  the 
watws  have  passed.  In  some  of  the  mineral  waters  the  percentage  of  dis- 
solved salts  is  sufficiently  larpre  to  affect  the  taste,  in  others  the  quantity  of 
dissolved  salts  is  so  small  as  not  to  be  recognizable  in  this  way,  and  yet 
the  water  may  have  a  remedial  value. 
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Ctagvtfieaiian  of  Mtnernl  Waters.    Nearly  all  elassifteatioiis  of  mineral 

waters  are  based  upon  the  kinds  of  dissolved  minorals  or  vpott  tilO  olcilMnts 
contained  in  those  minerals.  For  instance,  if  the  water  contains  a  high  per 
cent  of  common  salt  it  is  called  saline  or  of  iron  oomponnds  it  is  called  chaly- 
beate or  ferruginous.  Since  the  elements  of  the  dissolved  salts  are  in  a  state 
of  ionization  the  water  may  be  named  for  the  predominant  ion  or  ions,  as 
chloride  water  where  chlorine  is  the  predominating  ion,  or  lithic  water  where 
lithium  is  the  principal  ion.  Probably  a  large  percentage  of  the  ingredients 
of  the  mineral  waters  of  Indiana  are  present  as  ions.  Only  in  the  strongest 
brines  do  they  occur  undissociated. 

The  piflitive  or  base-forming  ions  which  are  present  in  mineral  waters 
are  aluminium,  ammonium,  barium,  calcium,  iron,  lithium,  magnesium,  man- 
ganese, potassium,  sodium  and  strontium. 

Tht  negative  or  acid-forming  ions  are  arsenate,  borate,  bromide,  carbonate, 
chloride,  fluoride,  hydiocniboiiale,  iodide,  nitiate,  phosphate,  silicate,  sulphate, 
and  sulphide.  In  addition  some  very  rare  elements  and  radio-active  elements 
may  be  present. 

According  to  their  chemical  reactions  waters  may  be  classed  as  neutral, 
acid  or  allcaline.  Dilute  acids  and  alkalie.s  have  an  ion  action,  due  to  the 
presence  of  acid  hydrogen,  produce  osmotic  changes  and  exert  ordinary  salt 
action.  They  also  modify  the  processes  of  absorption  and  digestion.  Acids 
and  alkalies  are  neutralized  in  the  -tomach  or  in  the  intestines.  The  system 
is  so  constructed  that  it  can  take  care,  for  a  time  at  least,  of  an  excess  of 
acid  or  alkali.  This  is  done  by  a  change  in  a  composition  of  fhe  mine, 
so  acids  and  alkalies  are  excellent  diuretics,  increasing  the  ammonia  of  the 
urine  at  the  expense  of  the  urea. 

Adds  in  the  stomach  assist  in  tiie  action  of  the  pepsin  in  digestion  and 
increase  the  flow  of  the  Rastric  juice.  All  acids  convert  proteids  into  acid- 
albumins  which  are  soluble  in  concentrated  and  very  weak  acids  but  insoluble 
in  acids  of  medium  strength. 

Alkalies  reduce  the  acidity  of  the  chyme  and  thus  incix'a.se  the  alkalinity 
of  the  intestinal  fluids  even  if  they  are  themselves  neutralized  and  absorbed 
before  reaching  the  duodenum.  In  thw  way  they  may  favor  tiie  emulsiflcation 
of  fats  and  the  action  of  the  pancreatic  ferments,  if  there  is  not  sufficient 
alkalies  in  the  intestine.  In  a  normal  condition  of  the  system,  this  action 
would  be  of  no  value,  but  where  there  is  an  excess  of  mucus,  or  too  great 
acidity,  the  alkalies  are  very  useful.  On  account  of  the  action  of  nndissociated 
salt,  the  secreticm  of  the  urine  is  increased. 


Aluminium  is  present  in  some  of  the  mineral  waters  of  Indiana.  Little 
can  be  said  of  the  action  of  the  aluminium  ion,  but  alums  are  used  locally  as 

astringents,  and  internally  in  gastric  catarrh,  enteralgia,  ga.stralgia  and  lead 
colic.  Aluminium  sulphate  and  iron  sulphates  are  produced  by  the  oxidation 
01  pyrite  in  the  presence  of  clay  or  shale. 

Ammonium  is  present  in  waters  coming  in  contact  with  decaying  organic 
matter.  Its  pre.^sence  in  shallow  wfll  waters  -hould  hv  viewe<l  with  sus))icion 
as  it  may  be  indicative  ul'  contununation.  It  is  not  harmful  in  deep  waters 
that  are  not  allowed  to  stand  before  usin((.  Ammonium  ha«  a  marked  action 
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on  the  secretions  saliva,  mucus  and  perspiration.  It  is  u^ed  as  a  local  ex- 
pectorant, and  aa  a  stbrnulant  of  the  respiratory  centers  for  cough  and  aafhrna. 

Rarium  is  not  an  important  constituent  of  the  mineral  waters  of  Indiana. 
In  its  ion  actions,  it  resembles  the  organic  groups.  Its  most  important  systemic 
action  is  a  slowinir  of  the  heart  and  a  rise  in  blood  pressure.  When  griven  in 
dilute  solutions  thr  amount  absorbed  is  small  and  is  deposited  in  the  bones. 
It  may  be  of  use  in  the  treatment  of  cancerous,  scrafulous  and  other  morbid 
growtiis. 

Calcium  is  a  very  common  and  often  a  very  abundant  ion  in  Indiana 
nilMnd  waters.  Calcium  carbonates  and  calcium  sulphates  are  the  two  com- 
num  forms  of  the  undissociated  substances.  The  former  are  very  alkaline  in 
action  and  in  large  doses  may  cause  constipation.  It  is  used  in  chronic 
diarrhea  and  in  cases  of  uric-acid  gravel  and  calculi.  The  latter  is  one  of  the 
constituents  which  render  water  "hard".  Calcium  chloride  is  said  to  have  a 
diolMtenent  alfect  and  to  promote  the  secretion  of  urine,  perspiration  and 
mucus.  The  use  of  water  containing:  it  is  locommended  in  scrofulou.H  dis- 
eases and  in  chronic  eczema  empetigo,  connected  with  a  lymphatic  temperament. 

The  ealciiim  ion  is  a  universal  constituent  of  protoplasm.  It  appears  to 
be  essential  not  only  to  livinp  protoplasm,  but  also  to  inorpanized  feimenLs. 

Iron  is  a  very  abundant  element  in  many  of  the  mineral  waters  of  Indiana. 
Its  undissodated  forms  are  commonly  carbonates  and  sulphates.  It  is  present 
in  the  hemoglobin  of  the  blood,  in  the  lymph,  chyle,  pastric  juiof  and  other 
liquids  of  the  body.  Chalybeate  waters  produce  a  constructive  metamorphosis, 
creating  more  red  blood  corpuscles,  thereby  increasing  the  specific  gravity  of 
the  blood  and  of  the  bodily  weight,  reproducing  a  healthy  glow.  Chalybeate 
waters  may  make  up  the  deiiciency  of  the  coloring  matter  of  the  blood,  ob- 
served in  anemic  states.  It  matters  not  though  iron  be  present  in  small 
quantities,  and  few  of  the  carbonated  iron  waters  contain  more  than  ftva  or 
.cix  grains  to  the  gallon.  The  blood  contains  normally  about  forty-five  grains 
of  iron,  and  this  quantity  cannot  be  permanently  increased  by  consuming 
larfe  quantities.  It  is  probable  that  this  defleiency,  no  matter  how  produced 
never  exceeds  fifteen  or  twenty  prains. 

The  tendency  of  iron  is  to  increase  the  appetite,  promote  digestion  and 
relieve  a  languid  or  depressed  condition  of  the  q^stem.  The  most  common 
compound  is  the  bicarbonate  whidi  is  supposed  to  be  the  form  which  most 
readily  enters  the  circulation. 

Lithium  is  a  cmistituent  of  some  of  tiie  mineral  waters  of  the  State. 
It  is  probably  present  as  a  carbonate  or  bicarbonate,  mixed  with  carbonates 
or  other  alkalies.  Lithium  forms  a  soluble  salt  with  uric  acid  and  this  has 
led  to  the  extensive  use  of  lithia  water  In  cases  of  uricemia.  It  Is  also  useful 
in  the  treatment  of  uric  acid,  sand,  gravel  and  calculi,  and  of  >rout,  rheumatoid 
arthritis  and  phosphate  deposits  in  the  appendix.  It  has  a  tendency  to  in- 
crease the  excretion  of  nitrogen. 

Magnesium  is  one  of  the  abundant  elements  in  the  mineral  waters  of  the 
State.  In  the  salt  brines  it  occurs  as  a  chloride.  In  the  waters  of  meteoric 
origin  it  occurs  as  a  carbonate  but  more  frequently  as  a  sulphate.  The  car- 
bonate has  an  alkaline  action  and  is  useful  in  add  eructations  and  pyrosis  in 
sick  headaches,  when  accompanied  by  constipation,  and  to  check  the  formation 
of  uric  acid  gravel  and  calculi.  The  chloride  is  useful  to  increase  the  flow  of 
bile  and  as  a  mild  purgative. 
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The  sulphate  promotes  the  process  of  endosmosis  and  exosmosis,  and,  by 
extracting  the  watery  elements  of  the  blood,  increases  the  intestinal  secre- 
tions. Even  if  the  quantity  is  small,  it  will  tend  to  promote  regrularity  of 
the  bowels  when  taken  continuously.  The  best  results  are  observed  in  dis- 
ordered conditions  of  the  stomach,  liver  and  bowels  with  concomitant  symptoms 
of  constipation.  In  sluggish  states  of  the  liver,  churuclerized  by  u  sallow 
conntenanw,  yMvmnu  of  the  oonjanetiva,  coating  of  the  tongue  and  hemor- 
rhoids, the  sulphated  saline  waters  are  speedily  efficacious.  They  have  im- 
portant and  useful  functions  in  eliminating  various  chi-onic  infections  from 
the  Bystem,  serofulous,  ajrphititic  and  malarial,  as  well  as  in  expelUng  load/ 
mercury  and  other  metallic  poisons.  For  purpative  effects,  physicians  recom- 
mend that  the  waters  be  taken  before  breakfast  and  followed  by  a  brisk  walk 
in  the  open  air.  Those  waters  should  not  be  used  in  cases  of  dironic  in- 
flammatory ccmdition  of  the  stomach  or  intestines,  or  in  ease  of  general 
debility. 

It  seems  probable  that  the  ma^nesiam  In  water  acta  as  an  undlssociated 

salt,  as,  although  solttble,  the  magnesium  ion  is  incapable  of  absorption  into 
the  blood.  Magnesium  is  practically  the  only  non-absorbable  cation  which 
can  be  used  as  u  cathartic. 

Manganese  is  not  an  ingredient  in  the  mineral  waters  of  Indiana.  When 
present  it  is  in  thr  form  of  a  bicarbonate  or  sulphate.  It  is  present  in  the 
blood  and  its  function  is  thought  to  be  reconstructive,  to  act  as  a  tonic,  and 
to  iaersase  the  flow  of  the  Ule. 

Potassium  is  present  in  many  of  the  mineral  waters  of  the  State,  in  small 
qnantities.  It  is  rapidly  excreted  and  seems  to  have  no  special  therapeutic 
action.  As  a  carbonate,  it  eorreete  acidity  and  acta  as  a  diuretic  in  cotineetion 
with  other  alkalies. 

Sodium  is  one  of  the  most  abundant  elements  in  the  mineral  waters  of 
Indiana.  The  connate  waters,  the  deeply  buried  sea-brines,  eontein  large 
quantities  of  .salt  obtained  from  the  original  seas.  Because  of  the  ready 
solubility  of  sodium  salts  the  percolating  meteoric  waters  rapidly  strip  them 
frmn  the  rocks.  Sodium  chloride,  common  salt,  is  the  most  abundant  sodium 
or  other  salt  in  the  connate  waters.  It  is  necessary  for  a  healthy  Riowth  of 
the  body,  as  it  is  a  constituent  of  almost  ever>'  anatomical  element.  It  is 
thought  to  have  much  to  do  with  the  regulations  of  exudation  and  absorption, 
and  to  assist  in  mainteining  the  fluidity  of  the  albuminoids  in  the  blood. 

The  carbonate  and  bicarbonate  are  present  in  mineral  waters.  Sodium 
carbonate  is  found  in  the  blood,  saliva,  urine  and  other  fluids  of  the  body 
and  its  importance  to  bodily  functions  is  thus  indicated.  Waters  containing 
it  have  an  alkaline  action.  Carbonate'!  :i!kalie<  have  a  marked  effect  on  the 
mucous  membranes  and  increase  the  secretions.  Sodium  carbonate  waters  are 
used  in  catarrhal  conditions  of  the  stomach  or  intestines,  especially  when  ac- 
companied by  rhronir  diarrhea,  in  ca.-.es  of  excessive  acidi^  in  the  alimentary 
canal,  to  increase  the  activity  of  the  skin  and  kidneys. 

Strontium  is  a  rare  element  in  mineral  waters  but  occurs  as  a  bicarbonate 
with  similar  salts  of  calcium  and  magnesium.  It  ha.s  little  therapeutie  value 
being  an  intestinal  antiseptic  considerable  quantities  of  water  containing 
it  mi^t  be  useful  in  intestinal  disorders.  "In  dilute  solutions  only  very 
small  amounte  are  absorbed  from  the  .stomach:  none  from  the  intestines, 
since  it  is  converted  into  phosphates,  in  which  form  it  is  generally  depoeited 


Hand  Book  op  Indiana  Gboloov 


786 


in  the  bones."  Arsenate  waters  do  not  occur  in  Indiunu  but  are  found  in 
regions  where  metals  such  aa  antimony,  bismuth,  copper,  cobalt  and  nickel 
arp  found.  Such  waters  are  recommended  in  cases  of  irritative  dyspepsia, 
chronic  gastric  catarrh,  gastralgia  and  entralgia;  also  in  certain  skin  diseases 
raeh  ha  eciema  and  pioriaais. 

Borates  occur  in  brines  and  in  some  alkaline  waters.  The  usual  com- 
pound present  in  mineral  waters  is  sodium  borate.  Strong  borate  waters 
oeear  in  lake  waters  of  the  west.  It  is  used  as  a  preservative  and  as  a  gar^ 
in  throat  infection.«  and  a.s  an  eye  wash. 

Bromides  and  chlorides  occur  in  brines  and  are  present  in  some  of  the 
eonnate  waters  of  Indiana.  Bromide  waters  are  recommended  in  cases  of 
lead  or  mercuiy  poisoning;  a.-,  .-^cfiativrs,  in  cases  of  epilepsy,  in  the  treatment 
of  scrofulous  tumors,  ulcerations  and  chronic  cutaneous  diseases. 

Carbonate  waters  are  those  eontaininir  carbonates  usually  of  the  alkalies. 
The  ofTects  of  the  alkalies  have  been  discussed.  "Bathing  in  water  charged 
with  carbon  dioxide  causes  a  prickling  sensation,  which  lasts  for  some  tim^ 
and  persons  in  health,  on  leaving  the  bath  experience  a  pleasing  exhilaration 
and  the  inclination  to  muscular  activity  i.^  greatly  increased." 

Nitrates  are  not  prc^-cnt  in  mineial  waters  in  any  quantity.  Potas.>;ium 
nitrate  is  the  most  common  form.  Nitrates  are  toxic  if  taken  in  large  quanti- 
ties. The  action  in  the  ionic  foi-m  is  large  upon  the  mucous  membranes  and 
may  result  in  ga.stritis,  in  diuresis  and  perhaps  nephritis,  at  the  place  of  exit. 

Phosphates  occur  sparingly  in  mineral  waters.  Calcium  and  strontium 
phoqihates  are  present  in  tlie  bones  of  the  body.  Silicates  occur  in  small 
quantities  in  mo'^t  waters.  The  .solublo  silicates  occur  usually  in  mittttte  quanti- 
ties and  probably  do  not  have  a  strong  therapeutic  action. 

Sulphates  are  common  in  the  mineral  waters  of  Indiana.  The  most  abund- 
ant foims  are  calcium,  magnesium,  ferrous  anrl  sodium  sulphates  The  effects 
of  the  bases  has  been  discussed  in  former  pages  and  it  is  difficult  to  determine 
the  action  of  the  sulphate  radical.  Sulphates  are  useful  more  from  their  action 
as  undissociatcd  salts  than  from  any  action  as  ions.  Sulphuretted  hydrogen 
and  free  sulphur  occur  in  some  mineral  waters  in  Indiana.  "Sulphur  waters 
are  used  in  cases  of  rheumatism,  gouty  inflammatimi  and  dironie  joint  injuries. 
They  are  especially  valuable  in  such  eases  when  used  in  the  form  of  a  hot  or 
mud  bath." 

Clui<sificution  of  Mincrut  Waient.  The  following  classification  of  mineral 
waters  is  suggested  by  Dr.  B.  H.  S.  Bailey*  to  whom  the  writer  Is  faulebted 
for  much  of  the  information  contained  in  the  discussion  «rf  the  properties  of 
mineral  waters  in  the  foregoing  pages. 

1.  Chloride  group,  or  those  in  which  the  dilorine  ion  (CI)  is  the  pre- 
dominant one. 

2.  Sulphate  group,  or  that  in  wliich  there  is  a  pred<miinance  of  the  sul- 
phate ion. 

3.  Chlor-sulphnte  group,  or  waters  which  contain  about  equal  amounts 

of  the  sulphate  and  the  chlorine  ion. 

4.  The  carbonate  group,  or  those  in  which  the  carbonate  ion  (CO.)  are 
abundant. 

.5.  The  chior-suifo-carbonate  group,  or  those  Containing  considerable 

quantities  of  each  of  these  ions. 
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6.  The  snlltd  group,  or  tfaoae  waters  that  ^ve  off  hydrogen  »ulphid  and 

are  commonly  called  sulphur  waters. 

7.  The  chalybeate  or  iron  group.  (This  may  also  contain  the  few  man- 
ganese waters.) 

8.  The  special  group  or  those  waters  containing  some  special  substance 

like  lithium,  borax,  otc. 

9.  The  soft  water  group,  or  those  wutcrs  that  contain  only  hmull  quantities 

of  .imy  mineral  substance. 

U»e  of  MhtenU  WaUm.  Mineral  waters  are  not  cure-alls  and  should  be 

used  only  undrr  the  advicr  of  a  phy>iciun.  They  should  be  taken  at  such 
JLimes  and  under  such  conditions  as  are  assigned  by  him.  "The  indiscriminate 
.use  of  mineral  waters,  either  for  drinking,  or  bathing  purposes,  cannot  be 

too  strongly  condemned;  for  while  they  look  bland  and  harmless,  they  are 
'jmtent  therapeutic  agents  which  may  accomplish  much  good  if  judiciously 
«<en$ployed,  but  may  also  do  much  harm  and  may  be  followed  by  serious  if  not 
:fatal  results  in  carekse  bands." 

GtoUtgieal  Oeeumnct.  The  mineral  waters  of  Indiana  are  obtained  from 

a  larfTO  numhtr  of  pf^logical  formations.  The  St.  Peters  sandstone  is  the  oldest 
,  water  bearing  formation.  It  does  not  reach  the  surface  in  any  part  of  the 
I  State  and  its  waters  are  reached  only  by  deep  wells  wfaidi  usually  yield  strong 
ibrine.'i  since  the.^e  waters  are  largely  connate  but  a  .sulphuretted  matrnesium. 

The  Trenton  limestone  contains  two  or  more  horizons  which  are  porous 
and  contain  strong  salt  waters  which  are  also  probably  connate  and  too 
brackish  for  medicinal  use.  These  waters  are  reached  in  wells  less  than  one 
thousand  feet  deep  in  eastern  Indiana  and  at  a  depth  of  more  than  twenty- 
three  hundred  in  southwestern  Monroe  County. 

The  Silurian  (Niagara)  limestone  yields  a  potable,  slightly  saline  but 
strongly  sulphuretted  water  which  is  bein^  utilized  for  medicinal  purposes  nt 
a  number  of  points  in  the  State.  A  similar  water  is  obtained  in  places  from 
the  Devonian  strata. 

The  Knobstone  .sandstone  produces  sulphuretted  and  soft  waters  from 
both  springs  and  de«p  wells.  A  slightly  saline-sulphuretted  water  flows  from 
the  base  of  the  Harrodsburg  limestone  in  some  places. 

The  Chester  sandstones,  the  Brandy  Run,  the  Elwren.  the  Cypress,  the 
Hardinsburg  and  Tar  Springs  all  contain  waters  which  supply  wells  and 
springs  with  waters  which  are  usually  soft.  The  Cypress  sandstone  r^sts  upon 
the  Beech  Creek  limestone.  At  the  base  of  this  limestone  on  the  down  dip 
side  of  the  outcrop  numerous  springs  burst  forth  boldly  in  clear,  cool,  sparkling 
water  and  rushing  forth  from  the  subterranean  passages  in  the  limestone 
CWies  an  ever  present  breath  of  cold  air. 

In  the  area  of  outcrop  of  the  Mansfield  sandstone  are  many  important 
springs  and  many  shallow  wells  draw  their  supplies  from  its  sands  and 
gravels.  Both  wdl  and  spring  waters  are  obtained  from  the  sandstones  of 
the  Coal  Measures  and  from  the  Merom  sandstone. 

Water  8upplie.s  are  obtained  from  the  glacial  filled  valleys  lying  beyond 
the  glaciated  area  as  well  as  from  the  glacial  drift 

Arttnian  Water.  The  deeper  water  bearing  strata  of  Indiana  presents 
eonditimis  favorable  for  ortosian  water  supplies  on  both  sides  of  the  Gin- 


Hand  Book  of  Indiana  Geology 


787 


cinnati  Arch.  Such  waters  have  been  obtained  from  the  St.  Peter  sandstone, 
the  Trenton  limestone,  the  Silurian  (Niagara)  limestone,  the  Knobstone  and 
some  of  the  Pennsylvanian  sandstones.  Flowing  water  has  been  obtained  from 
the  Trenton,  the  Niagara,  the  Knobstone,  the  Chester,  the  Mansfield  and  the 
glacial  drift. 

Flowing  wells  from  the  Trenton  are  located  at  Ft.  Wayne,  Columbus, 
Logansport,  Aurora,  Elkhart  and  other  places.  Flowing  water  is  derived  from 
I  he  Niagara  at  Attica,  Brownstown,  Goshen,  Lodi,  Martin.sville,  Gosport, 
Michigan  City,  Lafayette,  Paoli,  Reel.sville,  Shoals,  Spencer,  Terre  Haute, 
Worthington  and  other  place.*!.  The  Devonian  probably  yields  the  water  at 
Elkhart,  Lambert,  Montezuma  and  Jasper. 

Mineral  water  is  obtained  from  the  Mississippian  at  Orleans,  Avoca,  Bed- 
ford, French  Lick,  West  Baden,  Indian  Springs,  Trinity  Springs,  Lasalle 
Springs  and  cl.sewhere. 

The  Penn.*«ylvanian  yields  mineral  waters  at  De  Gonia,  Coates,  Oakland 
City,  Owensville  and  eLsewhere. 


plate  XC.    One  of  Indiann's  rBmoiu  sulphur  itiirlnK*  -Trinlly  SprinKs.  Martin  County. 
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PRODUCTION  OF  MINERAL  WATERS  IN  INDIANA. 

The  totxil  value  of  all  the  mineral  waters  used  and  sold  in  Indiana  annually 
is  about  1500^0.  The  following  are  or  have  recently  furnished  commerdal 
sapplios  of  minerml  water. 

ArtMiim  Huwral  springs,  Marthisville,  Morgan  County. 
Bine  Caat  Well,  Woodbam,  Allen  Coun^. 
Brownson  Wdl,  Terre  Havte,  Vigo  County. 

Carlson's  Mineral  Sprin>rs,  Laport*',  Lapoito  County. 

Cartcfsburp  Sprintr.  Caitersbuivr.  liciulrick.s  County. 

Colomagna  Mineral  Springs,  Columbus,  Bartholomew  County. 

Coats  SpiingB,  Utties,  Pike  County. 

Greenwood  Springe,  Fort  Wayne,  Allen  County. 

Holman  Mineral  Well,  Crawfordsville,  Montgomery  County. 

Hunter  Mineral  and  Mudlava  Sprinjr-.  Kramer,  Warren  Coun^. 

Knotts  Mineral  SprinRs,  I'orter,  Porter  County. 

McCullough  Springs,  Oakland  City,  Gibson  County. 

Martinsville  Spring,  Martinsville,  Morgan  County. 

Mysenite  Well,  Silverwood,  Fountain  County. 

Paoli  Lithia  Springs,  Paoli.  Oranpe  County. 

Paynes  Saline  Sulphui'  Wells,  Hcnryville,  Heni^y  County. 

Pluto,  Prosperine  and  Bowles  Springs,  French  Lick,  Orange  County. 

Reid  Mineral  Spa  Uthia  Springs,  near  Richmond,  Wayne  County. 

Spencer  Artesian  Wells,  Speneer,  Owen  County. 

Trinity  Sprin^rs,  Martin  County. 

West   Hadcn   Mineral   Sprint's,  Wost   nadcn.  Orange  County. 
White  Crane  Well,  Dillsboro,  Dearborn  County. 
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Craptbr  X. 

Part  I. 

INTRODUCTION. 

No  indnstxy  is  more  dependent  upon  science  than  is  the  petroleum  industry 
npoa       Bdoiee  of  goology.   The  potroleam  and  nataral  gas  industry  of 

Indiana  is  of  so  much  importance  to  the  industrial  development  of  the  State 
that  it  should  be  given  every  aid  which  this  science  can  supply  for  the  solution 
of  its  problems.  Enonnona  sums  of  monoy  have  been  expended  and  axe  still 
htiag  SKpended  in  Indiana  in  "wild-cat"  drilling  and  the  gi-eater  part  of  this 
form  of  prospecting  is  being  indulged  in  without  refei-ence  to  the  presence  or 
absence  of  geological  conditions  favorable  to  the  accumulation  of  oil  and  gas. 
Very  naturally  such  proapcetlng  leads  to  enormous  losses  and  few  gains. 

In  the  absence  of  any  comprehensive  discussion  of  the  subject  of  petro- 
leum and  natural  gas  in  Indiana  available  for  distribution  and  in  response  to 
hundreds  of  Inqnirios  for  information  on  the  subject  reaching  the  ofllce  of 
the  Division  of  Geolog^',  this  chapter  has  boon  prepared. 

The  chapter  is  preliminary  to  the  preparation  of  a  more  comprehensive 
report  to  be  issued  later.  It  was  not  possible  in  the  limited  time  and  with 
the  limited  funds  at  our  disposal  to  make  the  chapter  more  complete.  The 
collected  information  has  not  been  studied  as  thoroughly  as  it  should  have 
been  and  hence  oondusfons  have  not  been  drawn  where,  perhaps,  a  more  careful 
.'•tudy  of  the  evidence  would  warrant.  However,  since  the  industry  i.s  changing 
rapidly  through  development  in  parts  of  the  States  and  decline  in  others  no 
report  can  be  prepared  which  will  not  need  revision  in  a  few  years.  In 
view  of  this  fact  it  seems  best  to  present  such  information  as  we  have  been 
able  to  bring  together  with  the  hope  that  it  may  be  of  immediato  assistance  to 
those  who  have  so  urgently  requested  it. 

Those  who  are  seeking  petroleum  in  Indiana  would  do  well  to  bear  in 
mind  that  the  ideologist  does  not  use  "divininp  rod"  or  "witching"  methods  in 
the  location  of  oil.  He  studies  the  structural  conditions  of  the  strata  to  deter- 
mine whether  such  structural  conditions  are  favorable  to  the  accumulation 
of  oil.  For  the  determination  of  structural  conditions  he  must  be  able  to 
examine  exposures  of  the  bed  rock  or  durolith,  the  indurated  solid  portion  of 
tht  maVk  underlying  the  loose  mantle  ef  day,  sand  and  gravd  called  the 
regolith. 

In  certain  parts  of  Indiana  the  durolith  is  completely  concealed  by  a 
thick  covering  of  glacial  drift  and  nnkss  deep  well  records  are  available  the 
geologist  is  without  means  of  determininj^  the  structural  conditions.  The  ma- 
jority of  the  reported  oil  seeps  from  this  part  of  the  state  are  only  oil-like 
Alms  of  oxide  of  iron  on  water  seeping  from  gladal  sands  and  gravds.  Snr> 
face  indications  are  of  littlr  value  in  oil  prospecting  in  sudl  a  rsgion.  To  be 
of  value  in  auy  r^on  they  must  be  correctly  interpreted. 

In  tiiat  portiott  of  In^aaa  where  the  gladal  covering  ia  attenuated  or  in 
the  non-glaciated  portion  the  work  of  tlie  geologist  is  net  m  hampered  and 
wherever  persistent  hard  layers  of  rock  are  present  he  &  usually  able  to 
determine  the  structural  conditions. 

For  the  good  of  the  petroleum  industry  in  the  future  it  is  hoped  that  more 
moMiy  will  be  eqiended  in  aeeuring  favorable  locations  £br  wells  and  less 
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expended  on  the  drilling  of  wells  that  have  been  located  without  reference  to 
the  structural  conditions.  The  money  expended  on  one  deep  well  will  pay  for 
Meoring  the  infonaatkiii  and  tiie  publicatiiiii  of  many  thousands  of  copies  of  a 
chapter  nore  comprehensive  in  its  scope  than  the  present  one.   Mistakes  of  i 
location  are  expensive  in  more  ways  than  one.  Aside  from  the  actual  pecuniar^'  | 
loss  in  drillinfc  the  well,  there  is  often  a  loss  of  confidence  in  the  territory.  I 
For  example,  dry  holes  in  sections  one,  two  and  three  may  condemn  good  I 
territory  in  adjacent  sections  whereas  if  the  structure  had  first  been  located  the  1 
drilling  ol  a  single  well  on  the  structure  might  prove  the  territory. 

It  is  important,  therefore,  that  in  all  areas  of  the  State  where  it  is 
pos!!ibIe  to  determine  the  sti-uctural  condittons  this  be  done  before  any  pros-  I 
pecting  with  the  drill  takes  place. 

Tite  oil  industry  sufTers  from  two  classes  of  individuals,  namdy,  from 
the  purveyor  of  oil  stock  of  the  "blue  sky"  brand  and  from  the  activities 
of  the  fake  oil  expert.  The  laws  of  Indiana  very  wisely  provide  for  the 
protection  of  its  citizens  airainst  the  dispenser  of  inferior  foods.  No  one 
doubts  that  the  abolition  of  the  food  inspection  department  would  result  in 
making  the  State  the  dumping  ground  for  all  sorts  of  foods  of  inferior  quali^. 
However,  the  average  consumer  of  food.s  has  some  knowledge  of  Hidr  quality 
which  knowledpe  is  within  itself  a  form  of  protection.  But  in  the  matter  of 
oil  stocks,  legislation,  in  some  states,  affords  inadequate  protection  and  few 
are  qualified  to  judee  of  the  value  of  oil  stocks. 

Many  states  protect  their  eitixens  against  the  unacrupttkms  dealer  in  (ril 
stocks  of  (fuestionable  value.  Stat«'s  without  such  protection  naturally  become 
the  Meccus  of  jobbers  in  all  sorts  of  oil  stock  of  the  "blue  sky"  brand.  Laws 
have  been  provided  in  Indiana  to  aid  in  the  protection  of  the  novitious  small 
investor  from  the  machinations  of  the  unscrupulous  oil-stock  purveyor.  Such 
legislation  is  not  intended  to  interfere  with  legitimate  attempts  at  the  develop- 
ment of  the  oil  industry  in  Indiana.  It  is  not  intended  to  prevent  the  organisa- 
tion of  local  cooperative  companies  for  the  avowed  purpose  of  developing:  pros- 
pective oil  properties  within  the  State.  Nor  should  such  companies  be  pre- 
vented under  proper  representations  from  offering  the  stock  of  sudi  eom- 
panics  for  sale.  For  in  some  parts  of  the  State  where  it  is  impossible  to 
determine  the  structural  conditions  and  the  only  possible  form  of  prospecting, 
that  with  the  drill,  is  extremely  hazardoiis,  the  expense  of  such  testing  sheold 
be  widely  distributed  in  order  that  the  burden  may  not  fall  too  heavily  upon 
the  few. 

The  pur\'cyor  of  all  oil  stock  should  be  required  to  furnish  to  the  pur- 
chaser of  such  stock  a  sworn  statement  of  the  location  of  the  oil  property, 
the  number  of  ncre.^i  under  lease,  the  state  of  development,  and  a  certified 
copy  of  the  report  of  the  consulting  geologist. 

The  oil  operator,  the  investor  in  oil  stock,  and  the  general  public  need 
pi-otection  from  the  quack,  the  manipulator  of  the  "divining  rod",  the  witch 
hazel  switch  and  other  devices  for  the  location  of  oil  pools.  Novitious  oil 
companies  are  known  to  have  used  the  ftands  secured  from  the  sale  of  oil 
stock  to  >mall  investors  to  drill  a  well  costing  as  much  as  ten  or  twelve 
thousand  doUars  on  a  location  made  by  the  manipulator  of  a  "divining  rod".  . 

The  success  of  the  competently  trained  geologist  in  the  location  of  geological 
structures  favorable  to  the  accumulation  of  oil  and  gas  has  induced  a  large 
number  of  unprepared  or  illy  prepared  individuals  to  assume  the  role  of  oil 
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geologists.  Its  rewards  have  also  induced  many  pseudo-scientists,  to  enter  the 
field.   Such  impostors  do  not  find  employment  with  reputable  oil  companies 

of  experience,  but  they  gull  the  public  through  the  mushroom  companies  of 
limited  experience  in  the  oil  industry,  and  at  the  same  time  tend  to  bring 
discredit  upon  the  science. 

There  are  two  ways  of  obtaining  protection  for  the  public  against  the 
activities  of  such  impostors.  One  is  to  educate  the  people  to  an  understanding 
of  the  scientific  principles  of  oil  geolog>',  a  very  difficult  task.  A  more  im- 
mediate and  cfTective  method  of  protection  might  be  secured  through  legislation 
which  would  jnovide  for  the  licensinK  of  oil  experts  by  the  State  and  mpasurea 
prohibiting  the  practice  of  the  profession  of  oil  geologist  by  persons  not 
possessing  the  requisite  amount  of  training  in  the  setenee  and  praetlee  of 
geolofo'. 

Since  this  chapter  was  written  much  additional  information  has  been 
eolleeted  and  a  part  of  it  has  been  included  since  the  prdiminary  issue  of 

the  chapter.  All  of  it  could  not  be  prepared  at  this  time  because  of  the 
necessity  for  further  field  work.  This  information  will  be  presented  in  a 
future  publication. 
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Past  II. 

.    '     PETROLEUM:    ITS  PROPERTIES  AND  ORIGIN. 

Definition.  Petroleum  or  crude  oil  is  a  mixture  of  gaseous,  liquid  and  solid 
hydrocarbon.^  in  which  the  liquid  elements  predominate,  but  in  which  the  per- 
centage of  each  element  is  not  a  fixed  quantity,  but  varies  in  different  oils. 
The  solid  hydrocarbon.s  are  in  solution  and  consist  of  paraffin  or  asphaltaro 
or  in  some  oils  of  both.  Those  oils  with  a.sphaltum  in  solution  are  said  to 
have  an  asphalt  base  and  those  containing  paraffin  to  have  a  paraffin  base. 
The  paraffin  oils  predominate  east  of  the  MissisBippi  River  and  the  asphalt 
oik  weat 

CompoHttion.  The  chemical  compounds  of  which  petroleum  is  a  mechan- 
ical mixture  belong  to  a  number  of  hydrocarbon  .series.  They  include  the  marsh 
gas  series,  C«Hiii+»  ranging  from  CH«  to  €■  Hn.  The  first  member  is 
gaseous,  the  middle  members  liquid,  and  the  last  members  are  solid  paraffins. 
The  oleftant  series,  ('.,11.1..  is  represented  by  some  of  its  members  in  small 
amounts.  The  acetylene  series,  (  niln. — i,  is  represented  in  some  petroleums. 
The  fourth  series  is  C.H«ii-~«.  The  fifth  or  bensine  series,  CnHm — is  rep* 
resented  in  nearly  all  petroleums. 

The  elementary  analyses  of  various  petroleums  indicate  that  the  per 
cent  of  carbon  varies  from  83.5  to  86.6;  the  per  cent  of  hydrogen  from  12  to 
14.8,  and  the  par  cent  of  oxygen  from  0.1  to  8.9.  These  tiiree  elements  make 
up  the  lai-^cr  part  of  the  oil,  but  nitrogen  and  sulphur  occur  in  minute 
quantities  usually. 

C9I10T.  The  color  of  petroleum  varies  with  the  sand  or  field.  Pennsyl- 
vanian  oils  have  a  greenish  color;  the  Kansas-Oklahoma  oils  have  a  yellowish 
tint;  California  oils  are  black;  Indiana  oils  greenish  black;  some  Kentucky 
oils  are  green  by  reflected  light  and  red  by  transmitted  light  White  oils 
may  be  produced  by  filtration. 

Odor.  The  odor  of  most  petroleums  is  slight,  but  .some  oils  have  an  odor 
resembling  some  of  their  products  such  as  gasolene  or  kei-osene.  Hydrogen 
sulphide  and  pyridine  may  give  distinctive  odors. 

Density.  The  specific  gravity  of  petroleum  varies  from  0.77  in  some  li^t 
oils  to  1  in  the  heavier  oils.  The  average  for  the  American  petroleums  is 
about  Ol89.  The  oil  from  the  Lima-Indiana  field  ranges  in  specific  gravity 


Hand  Book  op  Indiana  Gbology 


799 


from  0.816  to  0.86.  The  Terre  Haute  oil  has  a  specific  gravity  of  0.879;  the 
Jaqwr  oil  of  OMB. 

Boiling  Point  The  temperature  of  boiling  ranges  from  180°  F.  in  Peiuiffyl- 
vanlan  oih  to  338"  F.  in  some  German  oils.  The  point  of  loUdiAcatton  xanges 
from  82*  F.  to  several  degrees  below  zero. 

The  Flashinff  Point.  The  flashing  point  of  petroleum  Taiiei  from  sexo  in 
some  Italian  oils  to  338°  F.  in  sumo  African  oilfc  The  Aiel  value  of  tile  oil  from 
the  eastern  Indiana  field  is  18,'JOO  B.  T.  U. 

Specific  Heat.  The  specific  heat  of  American  petroleums  ranges  from 
.8999  to  .6000. 

Specific  Gruvity.  The  specific  gravity  of  u  sidwtance  is  its  weight  eoni- 
pared  with  the  same  volume  of  water  which  is  assumed  to  have  a  specific 
gravity  of  1.  Petroleum  u.sually  iloaLs  on  water  and  has  a  specific  gravity 
lees  tlian  that  of  water.  The  specific  gravity  of  petroleum  may  be  expressed 
as  a  decimal  fraction,  as  .8588,  or  the  Baum£  scale  may  be  used  for  oils 
lighter  than  water,  in  which  case  it  will  be  expressed  in  degrees.  If  the  oil 
has  a  specific  gravity  equal  to  water  its  spedflc  gravity  as  expressed  on  the 
Baum4  scale  is  10°. 

In  the  determination  of  i^pecific  gravity  of  oils  the  hydrometer  is  used. 
This  instrument  consists  of  a  glass  column  provided  with  tiie  Baumft  scale 
graduated  in  do^rrcfs  from  10  to  100  and  an  expanded  portion  below  the  scale 
which  contain.s  mercury  to  sink  the  hydrometer  to  the  point  which  registers 
its  spedflc  gravity  if  the  temperature  of  the  fluid  is  60*  F.  For  lower  or 
higher  temperatures,  corrections  must  be  made.  The  specific  gravity  may  be 
calculated  by  adding  130  to  the  reading  on  the  hydrometer  and  dividing  140 
140 

by  the  sum,  as  ,^  .       -  .8235  specific  gravity.     The  foUowing  table  will 

show  the  relation  between  the  Banni£  scale  and  specific  gravity  and  weight 

per  gallon:' 
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Petroleum  Products.  The  various  products  obtained  from  crude  pertoleum 
•TC  kerosene,  gasolene,  benzene,  naptha,  rhigolene,  vaseline,  iMUrafRn,  lubricat- 
ing oil,  petroleum  butter,  formolit,  asphalt,  oil  coke,  gag  carbon,  special  illum- 
inating oils  such  as  mineral  sperm  and  astral  oil. 


The  dose  association  of  petroleum  and  natural  gas  points  to  a  common 

origin.  The  hydrocarbons  which  form  them  arc  identical  or  closely  related. 
The  gases  given  off  by  petroleum  are  similar  to  those  of  natural  gas,  which 
may  be  converted  into  liquid  by  increase  of  pressure  at  low  temperature,  as 
may  be  the  gas  piven  off  by  petroleum.  N.itural  ^ras  is  commonly  present  in 
petroleum,  and  they  often  exist  together,  though  natural  gas  may  exist  alone. 

The  tiieories  of  the  origin  of  oil  and  gas  fall  into  two  dauM:  the  in- 
organic and  the  organic 

Inorganic  Thvnncn.  \  chemical  thcoi-y  wa.s  .<iup>je.<itefl  by  Humboldt  and 
further  elaborated  by  Berthelot'  and  Mendeleeff'.  This  theory  assumes  that 
the  interior  of  the  earth  contains  metallic  iron  and  carbides  of  iron ;  that  the 

high  interior  heat  of  the  earth  convert-  water  into  >team,  whirh  attacks  the 
carbides  of  iron,  producing  hydrocarbons  which  are  forced  toward  the  surface 
by  the  expanding  power  of  steam.  According  to  this  theory  the  hydrocarbons 
formed  should  be  predominately  of  the  acetylene  <eries,  but  they  are  pre- 
dominately of  the  methane  series;  they  should  be  associated  with  igneous 
rather  than  sedimentary  roelcs. 

Another  inorganic  theory  is  the  volcanic  theory  of  Coste'  which  assumes 
that  oil  and  gas  are  the  result  of  volcanic  action.  Cost6  assert.s  that  animal 
remains  are  not  intombed  in  the  rocks  and  that  vegetable  remains  decompose 
into  caxbonaceous  matter  and  fartiwr  distillation  of  carbonaceous  matter  has 
not  taken  place  in  nature;  that  gaseous,  liquid,  and  ."iolid  hydrocarbons  are 
the  result  of  volcanic  activity,  because  oil  and  gas  are  under  great  pressure 
which  must  be  vokanic;  heated  oil  and  gas  exists  in  some  fields;  oil  and  gas 
occur  in  folded  and  fissured  repions  paiallol  with  prcat  oropenic  movements; 
oil  and  gas  and  bitumens  are  never  indigenous  to  the  strata  in  which  they  are 
found  and  that  the  density  of  rocks  precludes  the  possibility  of  anything  except 
volcanic  pressure  forcintj  oil.s  and  >fas  lhrouf.rh  them.  Many  of  these  assertions 
do  not  accord  with  the  observed  facts.  The  almost  complete  restriction  of 
oil  and  gas  to  sedimentary  rocks  placed  at  great  distance  fnm  volcanic  activity 
and  the  decrease  in  pressure  in  wdls  are  not  in  harmony  with  this  theory. 

Organic  Theory.  This  theory  assumes  that  oil  and  pas  have  been  generated 
from  animal  and  vegetable  matter  by  a  slow  process  of  distillation.  Many 
accumulated  geological  facts  may  be  numerated  in  support  of  this  theory, 
such  as:  The  close  as.sociation  of  rocks  containing  organic  matter  tn  those 
containing  oil  and  gas;  drops  of  oil  have  been  found  in  decaying  plant  remains; 
natural  gas,  a  constituent  of  both  oil  and  gas,  is  generated  from  vegetable 
matter  buried  in  porous  beds;  it  is  present  in  enal  as  are  other  hydrocarbons 
of  petroleum;  such  gases  as  carbon  dioxide,  hydrogen,  marsh  gas  and  nitrogen 
are  foirmed  during  the  decay  of  sea  weeds.  Hydrocarbons  analogous  to  those 

'BMtlwlBt.  S.  M.  P.  AanlcB  Ommb.  Phjpa.,  Vol.  I.  ISM,  p.  4SI. 
•MniMcdr.  0.   Dw  Dnrtdi.  Omoi.  G««il.  1877.  ».  tM. 
•CoM.  B.   ABk  Iiiat.  Uln.  "Enf,  Vol.  XX,  ».  MM,  1»14. 
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in  natural  gas,  petroleum  and  asphalt  have  been  derived  from  either  plant 
or  animal  remaina.  Natural  petrolemn  has  optical  properties  similar  to  those 

of  orfranic  compounds  which  inorganically  synthesized  oil  (i<  <■    not  possess. 

The  presence  of  oil  in  shales  from  which  as  much  aa  twenty-five  gallons  - 
per  ton  have  been  extracted  has  strengthened  the  bdief  that  Hie  organic 
natter  of  shales  is  the  .source  of  petroteuni.  It  is  assumed  that  the  bituminous 
matter  is  the  form  of  a  solid,  organic  gum,  kerogen,  which  may  be  converted 
into  liquid  hydrocarbons  by  the  application  of  heat.  McCoy'  placed  an  oil 
shale  under  pres.sure  and  socurcH  liquid  hydrocarbons  from  it  and  asserts  that 
liquid  hydrocarbons  can  be  formed  from  solid  bituminous  material  at  ordinai-y 
temperatures  and  under  pressures  of  5,000  to  6,000  pounds,  such  as  exist  at 
the  deptli  of  oil  bearing  horixons;  and  that  the  only  place  where  sneh  com- 
pounds would  be  forme(i  are  in  areas  of  differential  movement. 

Kemp-  has  recently  called  attention  to  the  presence  of  asphaltum  in  the 
beach  sands  of  Florida  and  the  possibility  of  tlie  origin  of  petroleum  from  the 
marine  and  terrestrial  organisms  in  buried  coastal  sands. 

The  optical  behavior  of  petroleum  under  polarized  light  is  said  to  be  due 
to  the  presence  of  cholesterol,  which  may  be  derived  from  animal  fats  and 
phytosterol,  which  is  also  a  constituent  of  vetretablc  oils,  facts  stronply  sup- 
porting the  organic  theory  of  the  origin  of  petroleum.  In  fact,  the  weight  of 
evidence  at  the  present  time  seems  to  favor  the  organic  theory.  The  remains 
of  lanrl  plant.-  ami  animals  may  havo  contributed  in  a  minor  way  to  the 
accumulations  of  petroleum,  but  marine  organisms  were  probably  the  gi-eater 
contribtttors  of  the  original  eompounib  from  which  the  petrolemn  was  ex- 
traeted  through  long  periods  of  time  at  possibly  only  ordinary  rock  pres- 
snres  and  at  moderately  low  temperatures. 


Oil  Wells  in  Indiana. 


Wells 


Cbvnms                        1906-1910  Abandoned 

Completed  I>ry    Completed     Dry  1915. 

Adams                                       112  13  20  1  868 

Blacivford                                   158  28  22  5  1,389 

Cass                                              3  2 

Daviess                                     2  ....  10  2 

Delaware                                     297  75  125  -N  1,320 

Dubois                                           5  4  5  1  .... 

Gibson....                                  96  28  30  2  5 

Grant                                          480  42  11  2  4,141 

liamiltun   ....    ....   

Harrison   ....  2     

Huntington                                  206  9  .  891 

Jay                                         561  112  100  17  554 

Knox                                       4  3  19  17  13 

Madison                                    11  3  3  8  87 

Marion   ....  ....  ....  15 

Martin                                         3  1  2  1 

  1  1  3  3  49 

■ICmii.  t.  F.   Beaa.  Geol..  Vol.  XIV.  4  n.  302. 
'MeCagr.  Alex.  W.  Joarnai  of  Gv«l..  Vol.  XXVII.  *  p.  252. 
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Oil  WclU  in  Indiurm  Cuntiiiueil 

Wflls 

ltl0(;-l<)10  1U1U-1U14  Abandoned 

UnrimKH  Complete!     Dry    Comiilctcii     Dry  1916 
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Fetroleum  Production  in- Indiana. 
(Compiled  from  Mineral  Hesoureea  of  the  United  Statea.) 

Date  Barrda  Valve 

1889                                      33.f.7r.   181,414 

1890                                          68,496    55^03 

1891                                       186,634   M,645 

1892                                    698,008   ?.88.:i00 

1898    2,33r),2I);i   1,494^88 

1894   3,688.666   2.654.840 

1895   ■i,m>,r.\2   4,780,884 

1896   4,(!80,7y2   2,954,411 

1897   4,122,356   1,880,412 

1898   3,730,907    2,214,322 

1899   3.848,182   3,363,738 

1900    4,874,392    4,693,983 

1901   5,757/)86   4,822,826 

1902   7,880,896   fi,r.2fi,622 

1903   9,186,411   10,474,127 

1904   11,389,124   12,285,574 

1905   10,964,247   9.40J.909 

1906    7,673,477    6,770,066 

1907   5,128,037   4,586.930 

1908   n.'isn.frjg   3,203,88:1 

1909   2,296,086   1,997,610 

1910   2.159,725   1,568.475 

1911   l,(;!»r,,JR9   1,228,835 

1912                                             970,009   885,975 

1918                                           956,095   1,279,226 

1914   1,336,456   1,548,042 

1915                                             875,7,58   H13,365 

1916                                             769,036   1,207,565 

1917                                       759,432   1,470,548 

1918                                      877,868   2,028429 
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Past  III. 
NATURAL  GAS. 

D«finilion.  Natural  gas  \»  a  mixture  of  hydrocarbons  (chiefly)  whidi  are 

gaseous  at  orrlinary  atmosphnic  tompcraturos.  The  principal  hydrocarbon 
is  marsh  gas  (CU4) ,  methane  or  lire  damp.  Natural  gas  also  contains  small 
quantities  of  ethane  (CHi),  Olefine  (CtH«),  Carbon  dioxide  (COz),  Carbon 
monoxide  (CO),  Oxynen  (O),  Nitrogen  (N),  Ilydiosren  (H),  Helium  (He), 
Neon  (Ne)  and  Hydrogen  sulphide  (HxS).  However,  not  all  natural  gases 
contain  all  of  these  gases. 

Phy^eal  Properii«a.  Natural  gas  is  colorless  and  usually  odorless,  though 
the  presence  of  such  gases  as  hyilrogen  sulphide  may  produce  a  perceptible 
odor.  It  is  usually  intlumniublc  tliough  some  natural  gases  contain  so  much 
nitrogen  as  to  be  non-eombnstile.  It  bums  with  a  luminous  flame  and  d^osits 
carbon  when  the  flame  is  broutrht  in  contact  with  nhjccts  of  lower  temperature. 
It  readily  mixes  with  air  and  forms  an  explosive  mixture. 

Go*  Preantre.   Natural  gas  as  it  occurs  In  the  earth  is  usually  under  • 
pressure  which  ranges  ns  high  as  2,000  pounds  per  square  inch.    This  pres- 
sure is  commonly  called  "rock  pressure"  and  decreases  as  the  gas  becomes 
exhausted.   The  pressure  is  probably  due  to  the  expansive  force  of  the  con- 
fined gas. 

Cliriiacitl  I'vojiii  tiis.  The  maxinu'm  amount  of  the  various  constituents? 
found  in  natural  gas  is:  Marsh  gas,  98.40' f  ;  Ethane,  14.60'/i ;  Olitinant,  .39%; 
Carbon  dioxide,  1.6%;  Carbon  nraiundde  (CO),  2.5%;  Oxygen  (O),  8<46%; 
Nitrogen  (N),  85.83':; ;  Hydrogen  (H),  11.51%;  Hdium  (He),  1.84%,  and 
Hydrogen  sulphide  (H,S),  .20%. 

The  OMnposition  of  natural  gases  from  various  Adds  is  given  below  for 
OMuparison  with  the  analysis  of  a  gas  from  Munde: 


C»liroSITION  OF  NATURAL  OA8B8. 
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Origin  of  Natural  Geo.  Since  natural  gas  is  closely  associated  with  petro- 
leum they  are  thought  to  have  a  common  origin.  They  often  occur  togetha*, 
thoiu'h  one  may  occur  without  the  pi*c.sence  of  the  other.  Nearly  all  petro- 
leums cuntain  at  lea^-t  small  quantities  of  natuial  gas.  Since  natural  gas 
is  free  to  move  independent  of  the  movement  of  water  it  may  accumulate  In 
a  different  reservoir  though  having  a  common  origin  with  petroleum.  For 
in.stance,  it  may  accumulate,  in  fact  does  accumulate,  in  glacial  sands  and 
gravds  at  a  horison  far  from  its  point  of  origin. 
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The  principal  constituent  of  most  natural  KUi$c«  is  marsh  gas  (CU<). 
This  gtts  also  accumulates  in  marshes  where  decaying  organic  matter  is  sar* 

rounded  with  porous  sands.  This  gas  is  also  found  in  coal  beds  and  is  one 
of  the  constituents  of  petroleum.  These  facts  argrue  for  an  organic  origin  for 
natural  gas  and  for  a  common  origin  with  petroleum. 

Production  of  Natural  Gas  in  Indiana. 
(Compiled  from  Mineral  Resources  of  the  rnltcil  States.) 


No.  Wells,     Wi-lls,  I'roiluctivo 
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V*  '1 i  1  Ilk 

Dry 

Wells 

AOlAA  AAA 

(Est.  Amt.  Coal  Displaoed) 
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(Rst.  .\tnt.  Coal  Displaced) 
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(Est.  Amt.  Coal  Di^Uced) 
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,s:w 

100 

3,909 

igOO  

  670 

7,254,530 

861 

Ui6 

4,546 

1901    

  656 

6,054,566 

985 

208 

4,672 

  <»29 

7.0M.:$  11 

•2a> 

5.820 

1«03  

  924 

0,098,364 

895 

242 

5,514 

1904  

  fm 

4.342.409 

706 

153 

4,684 

1905  

  740 

a.fKH.iai 

252 

74 

3,650 

i9or.  

1,750,715 

159 

46 

3,523 

1907  

  (587 

1.572,{i05 

185 

56 

3,386 

1906  

  SJ.{ 

1.:512..-j07 

187 

41 

3,223 

1909  

  1,010 

l,(;i(),9a3 

190 

70 

2,038 

1910  

  1,027 

1,47.3,403 

09 

33 

2.955 

1911  

  1,094 

1,192,418 

110 

32 

2,744 

1912  

  1,140 

1,014.295 

96 

39 

2,547 

1913  

  1,100 

S-J3.047 

69 

24 

2.370 

1914  

7.55,407 

68 

19 

2.224 

1915  

  099 

C«)5,380 

n 

2,003 

1016  

  995 

50,1,. 17.1 

43 

14 

1,967 

1917  

  941 

4.5.1,000 

42 

17 

1,830 

1918  

899,671 

Natural  Gns  in  Indiana. 

-Pressure  in  Lhs. — 

C'on.vTiEs 

Deptii 

of  Well 

IfilO 

1914 

100  (1912) 

04 

Bartholomew   864-  990  50^  80>U0 

Blaekford   830-1,100  1-  10  0-20 
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Natural  Gas  in  Indiana— Continued 


 Preaaure  in  Lbe.—— 

Oouimss                           Depth  of  Well  1010  .  1914 

Ctaric   128-  244  27(1912)   

Davicsx   25-40 

Martin   300-  000  0- W)   

Deoatur   700^1,200  0^15  MSO 

Delaware   728-1.500  0-  70  0-00 

Franklin   728-  730  60  (1913)   

Grant   830-1. 200  2-50  0-50 

Hamilton.   80()-1.2M)  I.VISO  0-230 

Hancock   700-1,100  O-lOO  <>- 80 

HarriMMi   820-  764(1011)  00-110  0-50 

Henry   800-1,200  0-90  MOO 

Howard   800-1,100  0-220  30-100 

Jay   900-1,600  0-40  0-40 

JefTcrson   1,3(50  10(1911)  20 

Madison     800-1,200  0-190  0-100 

Miami   SOO-1.000  0-40   

Marion  

Ripley   880-1,050  40  70^ 

Pike   1,000-1,400  125^  50^ 

Rando^   900-1. 3(M)  0-lSO  1-12.-. 

Rusli   700-1,400  20-325  15-325 

Slielby   650-1,020  1-37A  2(M0O 

Spencer   1,02.')  410  a912) 

SuiUvan   096-  795  20O  50-185 

Tipton   760-1,100  10^  3-100 

Wayne   800-1,150  50-240  46 


Gas  Depletion. 

An  examination  of  the  pressure  of  gas  in  the  wells  of  Indiana  :>hows 
tliat  the  Ras  is  beinp:  rapidly  depleted.  The  presenrc  recorded  in  some  of  the 
wells  in  1910  was  2.')0  pounds  por  square  inch  and  in  1914  the  same  wdls 
showed  a  pressure  of  only  150  pounds. 

The  following  mefbodi  oi  oompntinir  sas  depletimi  are  given  by  the 
Treasury  Department  of  the  United  States': 

"Detaila  of  produetum  or  tk«  per/oitnance  rt  c»>  d  of  the  well  or  proptriy. 
—As  a  general  rule  the  demand  on  a  natUTal  gas  property  is  a  variable  factor. 
In  certain  Hehls,  however,  the  demand  from  some  wells  has  from  the  be- 
ginning, or  for  considerable  periods,  been  greater  than  the  supply,  so  that  the 
amount  of  kos  marketed  per  well  may,  as  in  the  case  of  oil,  show  a  regular 
decline,  which  will  be  indicative  of  the  total  amount  that  the  well  xllay  be 
expected  to  produce,  and  .nl^o  the  rate  of  protiurtion.  Ivven  where  the  de- 
mand does  not  greatly  exceed  the  supply,  the  amount  and  rate  of  past  pro- 
duction may  in  certain  eases  throw  light  on  the  future  of  the  well  or  property. 

"Di  rlirit  i)i  (ipi-n-fiow  ea}mcity. — Where  data  are  available  the  decline  in 
open-flow  capacity  indicates  in  a  general  way  the  rate  of  exhaustion  of  the 
gas  field.  The  relationship  is  not  at  all  dose  and  varies  fnm  Jletd  to  lidd 

■lUaail  for  the  OU  and  Gat  IndiHtnr,  U.  8.  Traranr  Dcpk.  ISlt. 
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:in<I  from  well  to  wl'II.  Also  for  most  tras  wpILs  accurate  data  on  decline  in 
open-flow  capacity  are  not  available.  Nevertheless  it  is  probable  that  for 
certain  properties  this  method  will  have  value,  for  with  rare  exceptions  the 
production  of  ^as  from  a  well  leads  to  a  decline  in  its  capacity^  and  the  frac- 
tion produced  i»  roughly  proportional  to  the  decline. 

**Coviparimn  mth  life  hi*tory  of  mmilar  irelh  or  jtropertieo,  jmrtieularly 
thnse  noir  i  xhtnisfed  or  nent-ing  (■.rhdiistuni. —W'hovc  no  other  data  are  avail- 
able the  rate  of  depletion  of  a  gas  well  or  property  may  be  approximated  by 
comparison  with  a  neiRhborinR  well  or  piuperty  that  has  reached  a  later 
stuRe  in  lif(  .  Particularly  is  this  tt|iplicable  in  a  district  where  many  gaa 
wells  have  become  exhausted.  For  example,  in  a  region  where  wells  produce 
from  8  to  12  years,  or  an  average  of  10  years,  a  10  per  cent  deduction  will 
be  a  nmiHi  apprmimatioii  of  depletion. 

"Size  of  rrai  rvnir  and  frrrKsni  f  nf  (I'ia,  nr  tin'  pnrc-spdcc  method. — For 
some  properties  the  pore-space  method  may  be  best  for  estimating  under- 
ground supplies  of  natural  jras  and  for  a  good  many  it  will  furnish  additional 
evidence  of  value.  The  method  would  be  ideal  if  the  average  percentage  of 
pore-space,  the  extent  and  thickness  of  the  sand,  and  the  pressure  of  the 
gas  could  be  accurately  ascertained.  In  computing  the  reserves  of  an  indi- 
vidual property  by  this  method  the  migratory  character  of  gas  must  be  con- 
sidered and  the  production  ami  behavior  of  adjacent  properties  taken  into 
account.  The  factors  that  make  the  method  difficult  to  apply  are  difficulty 
of  aeeurately  ascertaining  the  thickness  of  pay,  limits  of  pool,  percentage  of 
pore-spare,  the  effect  of  encioaching  water  and  oil,  and  the  quantity  of  gSS 
remaining  when  commercial  production  is  no  longer  possible. 

''Take,  for  example,  a  pool  where  there  is  no  eneroaehment  by  water. 
Suppose  that  the  poi-e-space  is  25  per  cent,  the  thickness  of  the  pay  20  feet, 
and  the  extent  of  the  pool  10  square  miles,  or  roughly  280,000,000  square  feet. 
The  volume  of  the  reservoir  woidd  be  l,400,i000«000  cubic  feet,  and  the  amount 
of  gas  in  the  sand  could  be  readily  eunputed  by  taking  into  account  the 
closed  pressure  of  the  wells. 

"Other  indicatuttiH  of  dcpUtion, — Additional  evidence  of  decreasing  supply 
of  natural  gas  In  the  ground  is  commonly  observable  In  the  behavior  of  the 
wells  and  the  provision  that  must  be  made  for  transportinir  the  pa.<5  to  market. 
Observations  on  minute  pressure  show  more  or  less  progressive  change  as  the 
wells  become  older  and  an  increasinfr  amount  of  gas  is  drawn  from  the 

Kround.  Line  pressure-  and  pressures  at  rompressintr  stations  aio  also  likely 
to  show  a  progressive  change  in  the  same  direction.  The  appearance  of  water 
or  oil  in  a  gas  well  or  in  neighboring  gas  wells  may  be  a  very  signilieant 
symptom  of  the  approaching  termination  of  the  life  of  the  well.  The  clogging 
of  gas  wells  by  paraffin,  salt,  or  other  deposits  may  demand  modification  of 
depletion  estuuates. 


"Because  of  its  general  applicability,  the  closed-pressure  method  Is  by 
fur  the  best  method  of  estimating  the  depletion  of  gas  pn^rties. 

"Unfortunately,  accurate  closed-pressure  data  have  not  been  kept  for  all 
properties  or  perhaps  even  for  the  majority  of  properties,  but  the  rock  pres- 
sure in  most  pools  is  known  or  is  ascertained  with  a  fair  degree  of  accural, 
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and  the  information  drawn  from  the  pressure  decline  is,  with  the  exception 
of  a  few  Adds,  not  subject  to  profound  modification,  beeause  of  facton  whoie  * 
value  can  not  be  appraised.  The  basis  of  (his  method  is  Boyle's  law.  Ac- 
cording to  this  law  of  physics,  if  gas  is  pumped  into  a  vessel  until  the  pressure 
ia  200  pounds  and  then  is  drawn  off  until  the  pressure  is  100  pounds,  the 
size  of  the  atsspI  rcmainin^r  fixed,  and  ifrnorinp  for  the  moment  atmospheric 
pressure,  it  may  be  concluded  that  one-half  of  the  gas  has  been  drawn  out 
of  the  vessel.  If  an  underground  gas  reservoir  of  fixed  dimensions  is  tapped 
hy  wells  and  the  pressure  is  found  to  be  a  thousand  pounds,  and  th* n  if  the 
gas  is  drawn  off  through  the  wells  until  the  gas  pressure  in  the  pool  is 
lowoed  to  100  pounds,  we  may  infer  that  about  nine-tenths  of  the  supply 
«f  gas  has  been  exhausted. 

*"T'vi>  To  ri.s  npiilied  to  ntttHral  gas. — Although,  as  a  rule,  the  number 
of  eubic  feet  of  gas  under  a  tract  cannot  be  satisfactorily  estimated  and  the 
quantity  that  will  be  marlceted  is  even  less  definite,  the  *unit  cost  method' 
can  be  used  by  ref^ardlng  pounds  of  closed  pressure  as  units,  for  the  actual 
quantity  of  gas  underground  commonly  varies  with  the  decline  in  pressure 
and  the  rdative  quantity  at  the  beginning  and  eiid  of  the  tax  year  and  at 
the  time  of  abandonment,  is,  in  tiie  lack  of  better  information,  usable  for 
tax  purposes. ' 

"Correctiom  and  rcJinementH  of  closed-presmre  tuethod. — Several  correc- 
tions and  more  or  less  important  refinements  are  mad6  in  applying  this  method 
to  the  computation  of  depletion,  and  it  should  be  borne  in  mind  that  it  does  not 
afford  data  on  the  amount  of  gas  originally  in  the  pool  or  at  any  later 
qtedfied  time,  but  only  the  fraction  of  the  gas  that  has  been  removed  from 
its  natural  reservoir  does  not  remain  fixed  but  becomes  smaller  as  the  gas 
is  drawn  and  water  or  oil  advances  into  a  part  of  the  space  formerly  occu- 
pied by  the  gas.  The  pressure  is  thus  prevented  from  declining  at  a  rate 
proportionate  to  the  amount  of  gas  drawn  from  the  pool.  The  correction 
on  account  of  water  or  oil  enci-oachment  is  difficult  to  make,  because  of  the 
lack  of  data  to  determine  the  extent  of  the  encroachment.  However,  in  a 
good  many  pools,  after  a  study  of  the  distribution  of  wells  that  have  been 
'drowned  out'  and  the  histoiy  of  water  troubles  in  similar  nearby  pools,  it 
is  po.-^siblc  to  make  allowance  for  water  or  oil  encroachment  which  will  more 
or  less  dosdy  approximate  the  facts. 

"Another  refinement  applicable  to  the  comjiutation  of  depletion  of  natural 
gas  by  the  closed-pressure  method  is  based  upon  the  fact  that  even  where 
there  is  no  encroachment  of  water  or  oil  the  depletion  is  not  precisely  repre- 
sented by  the  gauge  readings,  though  the  errors  are  generally  so  small  that 
they  may  be  ignored.  For  example,  where  the  pressure  declines  from  1,000 
to  500  pounds,  the  gas  is  not  exactly  half  gone,  for  the  reason  the  pressures 
referred  to  are  gauge  readings  and  to  each  should  be  added  the  pressure  of 
the  atmosphere— for  most  fields  about  14.4  pounds  to  the  square  inch.  The 

fraction  romaining  in  the  ground  then  becomes 

"Account  should  also  be  taken  of  the  pressure  at  which  wells  are  aban- 
doned in  the  field  or  district. 

"If  wells  can  not  be  operated  with  profit  after  the  pressure  has  declined 
to  25  pounds  gauge  reading  (89.4  pounds  absolute),  then  the  percentage  of 
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reeoverable  gas  remaining^  when  the  pressure  has  declined  from  IfidO  to  500 


The  difference  in  the  fraction  where  pre&sui-es  of  several  hundred  pounds  are 
invohred  is  not  gr^t  and  scarcely  worth  considering  in  irknr  of  the  other 
errors  which  an-  ccrtnin  to  affcrf  thr  result.  However,  after  the  pressure 
has  declined  to  a  low  figure,  the  mutter  of  correcting  the  fraction  heoomes 
of  eonsiderable  Importance.  Thus,  if  the  pressore  of  abandonment  is  4  pounds 
gauge  reading  and  during  the  year  the  average  closed  pressure  of  a  pool 
has  declined  from  10  to  5  pounds  gauge  reading,  five-sixths  instead  of  one- 
half  of  the  recoverable  pas  has  been  withdrawn. 

"Still  another  refmenuDt  that  has,  as  a  rule,  more  theorttieftl  than  prac- 
tical value  may  be  worthy  of  consideration  in  certain  instances.  This  arises 
out  of  the  fact  that  g&ses  do  not  expand  precisely  as  the  pressure  decreases, 
and  that  even  if  the  size  of  the  natural  reservoir  remains  fixed  the  pressure 
does  not  decline  in  exact  proportion  to  the  amount  of  gas  removed.  The 
diiference  amounts  to  only  a  few  per  cent  and  is  greatest  for  high  pressure. 
In  the  decline  from  1,000  to'600  pounds  per  square  indi  the  gas  expands  several 
per  cent  more  than  would  be  calculated  by  a  strict  application  of  the  law  and 
in  a  decline  from  1,500  pounds  to  1,000  pounds  the  departure  is  still  greater. 
The  correction  varies  from  field  to  field  because  of  the  different  constitution 
of  the  ^ase.s,  though  since  most  natural  K^ses  consist  lar^^ely  of  methane  the 
variations  on  account  of  differences  in  gases  are  not  great. 

"A  fourth  detail  of  refinement  arises  out  of  the  fact  that  on  the  average 
more  gas  is  marketed  from  50  pounds  of  decline  in  pressure  after  the  pressure 
has  reach  100  pounds  or  less  than  an  equal  decline  wliile  the  pressure  is  high, 
as,  for  example,  l.ooo  pounds  per  square  inch.  Also  the  expense  of  marketing 
Kiia  after  the  pressure  has  become  low  is  greater  than  when  it  was  hi^, 
largely  because  of  the  necessity  of  installing  compressors  to  push  the  gas 
through  the  pipe  lines  to  the  consumers.  These  two  considerations  have  a 
tendency  to  balance  each  other  and,  with  certain  exceptions,  will  not  be  of 
sufficient  importance  to  warrant  to  apply  the  corrections. 


"In  using  the  closed-pressure  method  of  estimating  depletion,  the  method 
of  gauging  is  of  vital  importance  and  in  many  fields  is  not  carried  out  with 
sufficient  care.  Care  should  be  taken  to  make  sure  that  the  >raUKe  is  accurate, 
testing  it  before  and  after  attaching  it  to  the  well.  If  it  must  be  transported 
far  or  is  subject  to  much  jolting  in  transportation,  a  gauge  tester  should  be 
token  along  and  used  at  the  well. 

"Care  should  also  be  taken  to  empty  the  well  of  oil  and  water  by  pumping, 
blowing  or  siphoning  before  attaching  the  gauge,  for  any  liquid  In  the  hole 
will  lower  the  closed  pressure  readinjr. 

"The  well  should  be  closed  long  enough  to  allow  pressure  to  build  up  to 
its  maximum.  The  length  of  time  necessary  for  this  purpose  varies  a  great 
deal  from  field  to  fuM  ami  well  to  well.  The  well  .should  remain  closed  until 
the  pressure  will  not  build  up  more  than  1  per  cent  in  10  minutes.  Ordinarily, 
24  hours  will  be  sufllcient  for  this  purpose,  but  for  mum  wdls  several  days 
or  even  n  lon^'  r  \u  v\o>\  will  be  required,  owing  to  the  slowness  of  equaliiation 
of  pressure  in  the  sand." 


pounds   Rauge   n-adinK   is   not    one-half    or    even    (he  fraction 
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Past  IV. 
MODE  OF  ACCUMULATION. 

Ezperienn  in  oil  lldds  has  taught  that  oil  may  accumulate  under  certain 

conditions  in  either  syncHnes  or  anticlines.  In  the  absence  of  water  in  syn- 
clines  oil  may  move  downward  under  the  influence  of  gravitation  to  the  bottom 
of  the  syndine.  (See  Fig.  XCIV.)  Of  eoune  it  is  not  known  whether  the  oil 
haa  migrated  downwarH  from  the  limbs  of  the  gjmclino  or  tbo  roof  of  the 
porous  layer  or  been  moved  upward  by  capiUarity  to  the  bottom  of  the 
ayneUne  from  underlying  beds  of  oil  bearinir  shales*  tkoag^  it  is  doubtful 
that  the  latter  would  produce  sufficient  concentration.  The  essential  condi- 
tionii  for  oil  accumulations  are:  First,  a  source  of  the  oil  which  may  be  a 


Fif .  XCn.  A  4lacniii»wtie  cmih  acottmi  of  ui  aiitieilM  ahowiitv  Um  moda  vt  omuhwhb  of  oQ 

wlwil  no  una  is  pr<>!icnt. 

bituminous  rock  probably  at  no  jrreat  distance  from  the  point  of  accumulation. 
Second,  a  porous  bed  of  rock  which  acts  as  a  reservoir.  This  porous  bed 
must  be  contained  between  impervious  layers  of  rock.  Third,  the  presence  of 
flexures  in  the  leservoir.  In  the  absence  of  water  in  the  resen'oir  the  oil 
will  collect  in  the  downward  folds  (synclines),  but  if  water  is  present  no  oil 
collects  in  the  synclines  but  only  in  the  antidinal  or  upwaiti  fioMs  as  the 
oil  advances  to  the  highest  point  occupiod  by  the  water  which  would  be  in  the 
upper  part  of  the  anticline.  From  this  point  it  would  be  impossible  for  the 
oil  to  advance  as  its  progress  is  cheeked  by  the  impervious  roof  layer  which 
dip»  down  below  the  l«vd  oceupied  by  the  oil. 

Relation  of  Geotogteal  Strtteture  (a  OH  and  Gas  Aeeumulation.  Oil  and 
gas  are  ^ddy  distributed  in  the  rocks  of  the  earth  as  is  evident  from  their 
presence  in  rocks,  in  mines,  in  seeps,  the  water  of  springs  and  deq^  wdls.  But 
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aecunulations  of  oil  and  gas  of  economic  importance  are  far  less  widely  dis- 
tribnted  rince  special  Keoloffical  conditions  are  necessary  to  the  concentration 

of  oil  and  gas  in  economic  quantities.  Oil  and  jfss  generated  in  some  bitumi- 
nous beds,  rise  under  the  agencies  of  migration  and  reach  a  porous  bed  as 
widely  distributed  particles,  and  are,  therefore,  valueless,  from  an  economic 
standpoint.  The  concentration  of  oil  and  gas  cim  bo  brought  about  if  certain 
geological  structures  are  present  in  the  porous  bed  containing  the  oil  and  the 
gas.  The  presence  or  absence  of  such  concentrating  structures  may,  in  most 
cases,  be  determined  by  the  geologist  so  that  a  knowledge  of  geology  is 
fttndamental  to  the  development  of  the  oil  industry. 

Oil  Sanda.  The  rock  in  which  the  oil  and  gas  accumulates  is  commonly 
termed  the  "oil  sand"  though  it  is  often  not  a  true  sand  but  a  porous  rock 


y'lK.  Xf'III.  A  <liuiirammntic  crosK  -irclion  of  an  anticlini-,  the  n\i>^t  nbumlntit.  type  of  oil 
bearing  nti tn-tui <<.  In  thin  anticline  water,  oil  and  Kaa  arc  present  arrnHKed  in  the  order  of 
their  ^pccifir  Kn>vit.<  s.  Th>'  removal  Of  ttw  su  will  iwmit  thc  oil  and  WBtcr  to  riw  hisker 
toward  the  apo\  nf  thr  i>tr-ucturc. 

such  as  limestone.  More  ctnnmonly  the  oil  accunudates  in  a  porous  sand, 
sandstone,  or  conglomerate,  less  commonly  in  porous  limestone  and  very  rarely 
in  fissures  in  shales  or  in  the  cavities  in  igneous  rocks.  The  quantity  of  oil 
possible  in  an  oil  .sand  will  depend  upon  the  decree  of  porosity  of  the  sand 
which  in  turn  depends  upon  the  size  and  arrangement  of  the  ^und  grains  in 
the  case  of  a  true  sand  and  on  the  size  of  the  cavities  in  the  case  of  a  porous 
limestone.  The  pore  space  in  compacted  but  rncemented  sands  ranjres  as 
high  as  25  per  cent,  in  sandstones  to  15  per  cent  and  in  conglomerates  to  as 
high  as  82  per  cent.  The  amount  of  pore-i^aee  produced  by  the  slae  and 
thr  arrangement  of  the  grains  may  be  reduced  by  deposition  of  cement  in 
the  pores. 
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Geohgieal  Structures  Favorabte  to  the  Aeeumulation  of  OU.  There  are 

certain  structural  conditions  which  are  favorable  to  the  accumulation  of  oil 
and  gas.  Such  conditioiu  may  exist  without  the  presence  of  oil  or  gas,  but 
so  far  as  is  known,  aecuniDlations  of  oil  or  gas  do  not  occur  without  the 
presence  of  such  favorable  structural  conditions.  Amonfj  the  more  favorable 
structures  for  the  accumulation  of  oil  and  gas  are:  The  anticline,  monocline, 
structural  terrace,  dome,  fault,  jpints,  lenses,  igneous  intrusions  and  synclines. 

The  AnHeHne.  The  anticline  is  an  upward  bend  or  fold  in  the  rock  strata 

which  forms  a  trap  which  prevents  the  escape  of  the  oil  or  gas  when  they 
have  once  penetrated  it.  The  essential  conditions  for  the  accumulation  of 
petrateam  in  an  anticline  is  the  presence  in  the  fold  of  a  porous  layer  of 


Kii:.  XCIV.  A  irii-:  iTtni  t4i  -hmv  |Mi«.'*iliK-  rrnMlf  of  Hccumulnl  ii)n  i>f  oil  in  a  syiulinr.  Thr  s;inil 
>M  H  dry  iwnW,  that  is.  it  iloea  not  conlain  nny  water.  Sinct-  the  oil  is  fni-  to  mow  umliT  thr 
Mtlon  of  snvity  it  will  sink  to  the  lowot  portion  of  the  ponMM  hijfer. 

rock  enclosed  between  two  layers  of  impervious  rock.  For  example,  a  layer  of 

porous  sandstone  between  two  layers  of  sitale.  The  prepence  of  water  in  the 
porous  layer  is  also  essential.  If  no  f^as  is  present,  the  oil  will  accumulate 
in  the  hifirhest  poition  of  the  poraus  layer.  (See  figure  XCII.)  The  oil  being 
of  lijrhter  specific  jfi  avity  collects  in  the  upper  i»art  of  the  poroi  s  layer  above 
the  water.  If  gas  be  pre.scnt,  the  three  will  arrange  them.selveii  in  order  of 
their  speeille  gravitice.  (See  figure  XCIII.)  The  pressure  of  the  gas  in  this 
case  forces  the  oil  and  water  to  the  limbs  of  the  anticline.  With  the  escape 
of  the  gas  the  oil  and  the  water  would  tend  to  rise  in  the  jtoruus  layer  and 
arrange  themselves  in  order  of  their  specific  gravities. 

Sjfnclinr.  Tlu'  presence  of  oil  in  downward  folds  of  rocks  called  syndines, 
occurs  under  certain  conditions.  (See  fij^ve  XCIV.)  If  no  water  is  pre.sent  in 
the  porous  layer,  the  oil  under  the  influence  of  gravitation  may  be  carried  down 
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to  the  bottom  of  the  syncline  and  there  remain,  held  in  by  impervious  layers 
of  rock  above  and  below.  Oil  is  obtained  from  synclines  in  rennsylvania  and 
Ohio.  No  oil  hafi  been  obtained  from  such  structures  in  Indiana.  No  dry  oil 
nservoirs  have  been  found  as  yet 

TIk  Dome.  The  dome  or  salt  dome  is  an  anticlinal  structure  produced  by 
accumulation  of  minerals  under  strata  along  the  plane  of  a  subsurface  or  a 
sealed  fault  (See  figrure  XCV.)  Such  structures  are  eominoii  in  the  Gulf 
Coastal  plain  in  the  states  of  Louisiana  and  Texas.  Aeeording  to  Harris' 
these  domes  are  produced  by  water  carrying  minerals  such  as  salt,  gypsum, 
Ume  carbonate  and  magnesium  carbonate  in  solution  ascending  along  a  fault 
plane  to  a  point  beneath  the  surface  where  the  minerals  were  dq^ited  through 


Fig.  XCV.  A  diBKniinmatir  crmh  Motion  of  a  Milt  dome  structure  favorable  to  the  accumu- 
taUoB  of  oil.  Soluble  aiUt«  earrinl  liy  nscending  aoiutions  are  depoalted  under  itnta  which  are 
forcod  ivward  formlns  »  domo.  Oil  pMains  upwrnrd  oloiig  Uio  fkuk  plaao  aecoBMilktca  in  ih» 
porona  doposit  fonnod  hr  the  nita. 

the  evaporation  of  the  water.    The  accumulation  of  the  mineral  matter 

elevates  the  super-incumbent  beds  and  the  oil  accumulates  in  porous  beds  of 
limestone  or  in  sands  overlyinp  or  tilted  up  ajrainst  the  salt  core.  Topograph- 
ically these  domes  may  form  conspicuous  mounds  on  the  flat  prairies  of  the 
eoast.  Continual  erosion  of  the  surface  of  the  mound  as  the  salt  accumulates 
may  brinj^  deep  seatf  >!  beds  of  rock  900  feet  or  more  nearer  the  surface  than 
their  normal  position  for  that  area.  Numerous  faults  are  produced  by  the 
dooning  and  the  oil  and  gas  pass  to  the  porous  beds  aiang  tiiese  faults.  A 
number  of  domes  may  be  di-ti ibuted  along  a  major  fault. 

Tlir  Monoclhie.  Kock  strata  aic  often  inclined  in  only  one  direction  and 
form  a  monocline.    That  is  they  may  pass  from  one  horizontal  position  to 
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another  horiiontal  porition  or  from  one  indined  position  to  another  inclined 

position  without  reversing  the  (Hicction  of  flip  of  the  strata.  Under  certain 
conditions  monoclines  afford  favorable  conditions  for  the  accumulation  of  oil. 
(Sec  figure  XCVI.)  The  inclination  of  the  beds  In  here  greatly  exaggerated  and 

gives  the  impression  of  reversal  of  dip.  Lensrs  of  sand  or  sandstone  oncloeed 
in  shales  in  monoclines  furnish  favorable  romiitions  for  oil  concentration. 

The  Stnicturul  Terrace.  The  structural  terrace  may  be  called  a  flattened 
nonodine.   The  strata  which  are  indiaed  pass  to  a  horiiontal  position  or 

from  a  prrealer  to  less  depre*  of  inclinatioin  and  then  back  to  the  same  de>?ree 
of  inclination  first  assumed.  (See  figure  XCVII.)  In  the  horizontal  portion  the 


FIe.  XCVL  a  dlanrammBtic  crrma  section  of  a  mon'Mrlinc  shuwiiiir  »  possil)Ic  mode  of  oil 
■eennmhtkNU  A  alislit  irregularity  in  the  direction  of  dip  in  the  ahalo  liiyer  iilxtve  the  oil  annd 
prodiaeM  •  emidttloa  wMeb  is  favoraUe  1o  the  Mcumiilntiaa  of  oiL  Thia  Irramilarity  mny  or 
nutjr  not  wprwi  Itoelf  at  the  wrftee. 

trap  is  formed  and  the  oil  accumulates  if  water  be  present  in  the  porous 
layer.  The  structural  terrace  occurs  in  the  Mississippian  area  of  Indiana 
in  probably  more  than  one  hwality.  There  is  one  at  least  in  Orange  County 
and  one  in  Martin  County.  Noses  and  shoulders  which  are  modifications  of 
the  terrace  occur  in  Jadtton  and  Jennin^^s  counties.  In  the  latter  one  has 
prodneed  scone  gas,  though  the  drilling  was  not  done  in  the  most  favorable 
spot  and  was  done  without  reference -to  the  structure. 

Lf>is  Stnirtiirf.  Lenses  of  poious  sand  or  sandstones  inclosed  in  bitumi- 
nous shales  may  utTord  conditions  favorable  to  the  accumulation  of  oil  and 
gas.  (See  Agnre  XC VIII.)  The  lenses  may  lie  in  a  horisontal  position  or  be  in- 
clined  and  still  furnish  the  proper  conditions  for  accumulation.  Since  .such 
structures  do  not  express  themselves  in  any  way  at  the  surface  and  prospect- 
ing with  the  drill  Is  the  only  method  of  determiningr  the  presence,  siae,  or 
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PIk.  XCVII.  a  liiaKraniniatic  cross  aection  of  a  ■tmBtniml  terrace.  Showtnit  pu!<^<ilJll■  moclL- 
of  aeeninulatiun  of  oil  in  the  flattened  iwrtloa  of  the  rtmeture  when  water  I*  present  in  the  oil 
bcarluK  •traton. 


FWt.  XCVtll.  A  dteKram  ahowinit  «  ponnkle  mode  of  acctunulallon  ot  oil  In  lenses  «r  sand 
encloflcd  in  beds  ot  flwle.  Such  •  structure  amy  exist  in  the  soutlnresteni  oil  Held  in  Indbuw. 
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£>hape  of  the  structures,  tho  geologist  can  locate  the  position  und  probable 
extent  of  the  endorinjr  shale  bed,  but  cannot  indicate  the  position  of  the 
lenses.  Sandstones  or  sands  with  convex  uj)i>er  surfaces  due  to  uncon- 
formable relation  with  overlying  beds  or  to  lenticular  shape;  or  sandstones 
with  hifiiier  pmwdty  in  some  parts  than  in  others  ftemish  adequate  con- 
ditions for  oil  anrl  gas  accumulation  when  fhey  are  confined  in  impervious 
layerK  of  rock.  It  is  probable  that  such  conditions  exist  in  the  Mississippian 
and  FennsylvBnian  strata  of  southtrestem  Indiana  and  that  they  are  re- 
sponsible for  some  of  the  oil  and  gas  accumulations. 

Fuult  Structure.  The  occurrence  of  oil  in  connection  with  sealed  faults 
is  an  established  fact.  The  oil  migrates  upward  along  the  fanlt  plane  tuiiil 
it  readies  a  porous  bed  so  situated  as  to  form  a  trap.  (Figure  XCIX.)  Beds  of 


l'"tU'  Xt'IX.    A  HiHjfnirH  to  vhow  Hi<'  nnnl»-  of  nrruriuilut inn  nf  oil  <  ;    ifit'  Mt'lhtnw  hiik*  of  a 

(luilt.    A  |>ori>U!>  Ixycr  hii'-  I  ii  fiiulli  il  iik'Hlnxt  nn  im|M'rvli>U!>  lii><  <  '  f  ^bnlr  in  kUcIi  &  WSy  M  to 

■ml  the  rnult  i.nil  ;   cr>|li<i irn.:  unuinil  for  \hf  oil  ikju  \hv  fmilt  litn'. 

bituminous  shale  and  be<Is  of  sandstone  may  be  displaced  in  such  a  way  as  to 
throw  shale  bed  against  shale  bed,  thus  sealing  the  fault.  If  a  porous  bed 
lying  between  impervious  beds  is  faulted,  in  such  a  way  as  to  form  a  trap, 
the  accumulation  of  oil  may  result.  In  the  ca?e  of  a  fault  cutting  a  rising 
oil  and  gas  bearing  sand  the  fnult  may  seal  the  sand  in  such  a  way  as  to 
prevent  the  upward  movement  of  the  oil  and  the  icas  and  cause  it  to  accumu- 
late. The  fault  is  K<  :ilcd  by  biinging  the  broken  enrl  of  the  sand  layer  against 
a  shale  layer.  Since  prospecting  is  more  hazardous  in  connection  with  faults 
than  anticlinal  folds,  little  testing  of  the  former  has  taken  place.  Structures 
of  this  type  may  occur  in  connection  with  the  Mm  nt  Carmel  fault  in  Indiana, 
but  no  tests  have  been  made  to  determine  whether  they  exi.s;  and  are  pro- 
ductive. There  is  little  doubt  that  the  fault  is  sealed  beeause  Knobstone  shale 
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Fiir.  CI.  A  dilk'rmm  to  nhnw  paaalMe  McnmttUtloii  nf  nU  111  s  atrnetim  pradaetd  Iqr  an 
Isneoiia  intrttsSm.  The  oil  humI  in  tlih  caae  nuiy  he  tUhtr  of  Mdiamiterr  or  Isncous  orlirfa. 
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has  been  faulted  against  Knobstone  shale  and  sandstone  layers  are  confined 

JobttB.  Oil  has  been  known  to  accumulate  in  joints  under  certain  condi- 

lions.  The  conditions  are  such  that  the  joint  virtually  acts  as  the  porous  layer 
und  must  occupy  a  position  between  impervious  layers  and  be  so  situated  as 
to  foxin  a  trap.  (Fignra  C)  The  joint  layer  of  rock  in  this  case  fonns  tiw 
TCWrvoir.  Such  rocks  are  necessarily  hard  rocks,  unyielding  under  pressure, 
and  not  exposed  to  the  agents  of  cementation.  Oil  is  found  in  joint  cracks 
in  aomie  fldds  in  California  and  in  Colorado.  Stmeturai  of  tbis  type  are  net 
known  to  occur  in  Indiana. 

Igneotu  Intruaiona,*  The  vertical  or  nearly  vertical  intnuion  of  igneous 
rocks  into  sedimentary  strata  which  contain  beds  of  Intaminons  rocks  may 
result  in  the  accumntaUon  of  oil  near  tiie  intrusion.  (Figure  CI.)  The  in- 
jection of  the  igneous  rock  causes  an  upturning  of  the  sedimentary  beds  on 
the  sides  of  the  igneous  core.  The  sealing  of  the  end  of  the  upturned  oil  and 
gas  reservoir  provides  conditions  favorable  to  the  accumulation  of  oil  and  gas. 

The  sealinp:  may  hv  rlono  by  the  igneous  rock  or  by  hydrothermal  action 
of  the  porous  bed,  rendering  it  impervious.  Oil  seeps  may  reach  the  surface 
from  the  oil  pools  along  fault  planes  produced  during  the  upward  bending 
of  the  be<!s.  Structures  of  this  type  do  not  oocttr  in  Indiana  as  vulcanism 
has  not  expressed  itself  in  the  State. 

The  geological  structures  favorable  to  the  accumulation  of  (dl  and  gas 
v.hich  may  be  encountered  in  Indiana  are  anticlinal,  monoclinal,  terrace,  fault 
and  lens  structures.  Oil  bearing  ^ynclines  are  not  likely  to  be  present  be- 
cause of  the  abondance  of  water  in  the  porous  beds  of  rode.  The  other  types 
of  occurrence  are  associated  with  special  conditiona  whidi  do  not  exist  in 
Indiana. 


The  best  equipment  that  an  oil  prospector  can  have  is  thorough  training 
in  the  science  of  Geology.  He  nnist  have  a  knowledge  of  the  geological  con- 
ditions of  the  field  in  which  he  is  prospecting.  This  must  include  a  knowledge 
of  the  nature  of  the  rocks,  not  merely  at  the  surface  but  to  a  considerable 
depth.  This  information  he  may  obtain  from  surface  outcrops,  railroad  cuts, 
stream  courses,  excavations,  well  records  and  geolofncal  reports. 

He  will  need  to  have  a  knowledge  of  the  afje  of  the  rocks  since  the  occur- 
rence of  oil  and  gas  in  the  oldest  rocks  of  the  earth  has  not  been  recorded.  He 
will  need  to  know  that  oil  and  gas  are  not  found  in  igneous  and  metamorphie 
rocks,  but  are  confined  to  sedimentary  rocks.  He  will  need  to  know  further 
that  certain  kinds  of  sedimentary  rocks  are  not  likely  to  contain  oil  and  gus. 
He  will  learn  to  look  with  favor  upon  rocks  eontoinlng  organic  matter  or 
rocks  associated  with  rocks  containing:  organic  matter,  evidoncp  of  which  will 
be  found  in  fossils,  lignite  and  prevailing  dark  colons.  He  will  look  with  dis- 
favor toon  rocks  witii  prevailing  red  or  yelkm  oi^r,  because  the  ooridiaed 
condition  of  the  iron  compounds  points  to  tlte  absmoe  of  organic  matter. 
iGUpn,  BcoD.  OeoL  m  IMS,  »M. 
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A  knowlecl><:e  of  the  stracture  of  the  rocks  is  eisential  boeanw  of  its 

bearing  on  the  accumulation  of  oil  and  (i^as.  They  accumulate  in  Iwds  of  pOrOUS 
rocks.  If  the  rocks  arc  dry  the  oil  will  accumulate  in  the  lower  part  of  the 
porous  bed  and  the  gas  in  the  upper  part,  if  water  is  present  they  wilt  be 
arranged  in  the  order  of  their  specific  gravities,  with  the  gas  at  the  top  and 
the  water  at  the  bottom.  It  is  obvious  that  if  the  porous  rock  were  of  uniform 


Flir.  cm.   A  cm<<fi  urctlon  of  tlw?  iibnvo  •nllrlin4>  ■toUK  thf  lino  A.  B.  C,  D,  E. 

thickness  and  horizontal  in  position  that  there  would  be  no  concentration  of 
oU  and  gas.  At  best  there  would  be  only  a  film  of  oil  on  the  water.  In 
other  words,  there  must  bo  irre>rularitie!^  nf  r(  rtain  kinds  cither  in  the  bedding 
or  in  the  structure  which  will  permit  the  concentration  of  the  oil  and  gas  at 
one  point.  And  no  the  prospector  must  be  able  to  recognize  nueh  structures 
as  anticlines,  mnrioclincs,  synclinos,  tfiraces  and  faults. 

If  the  anticline  is  small  it  may  be  determined  frequently  by  direct  ob> 
servation.  If  the  antidine  is  £road,  or  the  degree  of  inclination  is  slight,  other 
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means  of  determination  must  be  used.  In  some  instances  the  structure  may 
be  determined  by  locating  upon  the  map  the  strike  and  the  dip  of  the  strata. 
The  succession  of  the  rocks  should  be  carefully  determined  then  a  layer  of 
i-elatively  hard  rock  which  is  continuous  over  a  large  area  .should  be  selected 
and  the  strike  and  the  dip  of  this  bed  at  many  points  be  recorded  on  a  map. 
By  this  means  reverse  dips  will  be  indicated  and  the  nature  of  the  structure 
determined. 


If  / 
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Fiir.  CIV.    Stnnilanl  ilerrick*.    (III.  Ccol.  Survey.) 

The  determination  of  the  structure  i.s  often  nioie  difticult  because  of  the 
flight  degree  of  dip  or  because  it  may  be  difficult  to  find  a  layer  that  is  con- 
tinuous over  large  ureas  and  which  may  be  relied  upon  as  a  key  formation. 
In  regions  where  the  structure  is  sufficiently  pionounced  and  where  there  are 
established  elevations  (bench  murks)  for  conipari.son,  the  aneroid  bai-ometer 
may  be  u.sed  and  the  structure  be  worked  upon  the  key  rock.  The  key  i-ock 
may  be  a  be<l  of  coal,  (figure  CII)  or  a  layer  of  any  persistent  rock  such  a.'< 
limestone  or  sandstone.  The  elevations  of  the  key  rock  above  sea  level  should 
be  determined  for  the  various  parts  of  the  area,  and  upon  a  map  representing 
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this  ana,  the  points  of  equal  elevation  should  be  joined.  By  drawing  lines 
through  points  of  equal  elevation  for  each  ten  or  twenty  feet  of  difference  in 
elevation,  the  shape  and  the  size  of  the  structure  may  be  exhibited.  The 
elevations  of  the  key  rock  may  be  determined  at  its  outcrops  by  using  a  plane 
table  and  a  telescopic  alidade  and  stadia.  In  the  absence  of  bench  marks,  they 
may  be  .set  by  using  plane  table  and  .stadia.  The  outcrops  may  then  be  located 
with  aneroid  barometer  by  checking  frequently  on  the  established  bench  marks. 


Vig.  CV.    A  Bt«?l  framed  derrick.    (Photo  by  III.  Survi-y.) 

ExploiUttion.  The  development  of  the  oil  and  gas  indu.stiy  began  with 
the  drilling  of  the  first  well  by  Colonel  I»rake,  on  Oil  Creek  in  Pennsylvania 
in  1859.  Great  progre.ss  has  been  made  since  that  date  in  both  methods  and 
machinei-y.  Haphazard  motho<ls  by  untraine<l  men  in  small  companies  having 
little  capital  have  given  way  to  scientific  methods  practiced  by  trained  experts 
in  power  companies  of  large  capital.  No  industry  responds  more  readily  to 
careful  scientific  methods  than  the  oil  and  gas  industry,  for  this  rea.son  the 
wise  company  employs  trained  men  in  each  of  the  various  departments  which 
are  a  necessary  part  of  the  industry.    In  the  absence  of  a  sufficient  number 
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of  trained  engineers  some  lar^e  companiei>  have  established  apprenticeships 
for  inexperienced  men  and  paid  them  wa^es  while  training  them  for  fhetr 
positions.  In  the  development  of  now  oil  torritoiy  much  prelimilUlty  work 
must  be  done  before  the  drilling  can  be  begun. 

Loeof^  the  Structure.  The  first  work  in  the  new  field  faUB  to  the 
Geologist.  He  is  re<|ttii"ccl  to  lomto  and  to  carefully  map  the  geological  .struc- 
ture. No  wise  Gonipany  starts  drilling  operationa  until  it  has  assurance  that 
the  geological  conditions  are  favorable  for  the  aceomulation  of  oiL  This 


Filf.  CVI.    SLaiidunl  drilling  outfit.  cou)>lcil  fur  ntiHinK  toriU.    (After  Bowman,  U.  S.  Gcul.  Surv.) 


A  Derrick  r»un4«tion  post*. 

A'  MudsiU. 

A>  Subsill. 

A*  Main  sill. 

A»  Derrirk  leu*. 

A«  Derrick  irirta. 

A'  Derrick  ImMce. 

A*  Udder. 

A*  Ctwwii  Ido^. 

B  Crown  pulley. 

C  Drillini;  cnbk-. 

U  Bull-wheel  ahaft. 


D*Bttll-whocl  posts. 

iy>  Bull-whrd  poet  blMfe 

D«Bull  lorM?. 

ir-  Buli-uhiH'i  biHke  tend. 

K'  C«lf-whe*l. 

E'-  Cair- wheel  brak*  tevcr. 
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G  WalUair  bean. 

H  Pltaan. 
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K>  Band-whwI. 

K-TuK  pulley. 

K*  Brad-vhec)  eiaak. 


I.<  Sand-rrrl  drum, 
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M'Sand-rocl  lover. 

M'Sand-roil  roach. 

M' Sai)d-ro»-l  h»ii<ll«-. 

N'Si»nd-|>um|>  lino. 

N- Sandppump  pulley. 

O  CUr*wbad  pMta. 

P«Thiattl».v«lv«  wlied. 

P*  Tdexraph  cord  and  throttle 

RckI  to  rcveriM! 
Q  Globe  valve. 


assurance  can  only  be  given  by  some  one  thoroughly  trained  in  the  .science 
of  geology.  There  are  pseudo-geologists,  so-called  practical  geologists,  who 
can  lay  small  claim  to  any  real  knowledge  of  the  science  and  such  men  have 
done  much  harm  to  the  industry  a.s  well  as  di.scredit  to  the  science.  But  so 
strongly  intrenched  ha.s  the  science  of  geology  become  in  the  oil  industry  that 
some  large  companies  keep  in  their  employ  more  than  one  hundred  geoiogi.sts 
many  of  wliom  have  attained  high  rank  in  the  profession. 

Secuniifj  Lr<tscs.  After  an  oil  company  has  determined  the  location  of 
favorable  geologic  structure,  leases  covering  the  area  are  secured  as  rapidly 
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as  possible.  Tho  leases  are  in  the  nature  of  written  agreements  between  the 
owner  of  the  land  and  the  oil  company.  The  terms  of  such  agreements  vary 
lereatly  In  different  states  and  even  in  -different  parts  of  the  same  state.  The 
lease  gives  a  drscT-iptinn  of  the  land  coverr-i!  hy  the  lease,  duration  of  the  lease, 
and  states  the  compensation  to  be  received  by  the  le&sor.  The  property  is 
usnally  described  by  the  quarter  section,  town  and  range.  The  time  of  the 
duration  of  the  lease  may  he  from  one  to  five  years  with  the  option  of  extend- 
ing the  lease  to  cover  the  period  of  production.  The  lessor  is  paid  one  dollar 
to  make  the  agreement  legally  binding.  His  further  compensation  may  take 
the  form  of  a  fixed  rental  per  acre  such  as  one-fourth  of  one  dollar  per  acre 
annually  in  wild  cat  territory  to  many  hundreds  of  dollars  in  proven  territoiy. 
The  compensation  may  take  the  form  of  a  royalty  of  one-twelfth,  one-eighth, 
or  one-sixth  of  the  production.  In  exceptional  good  territory  an  additional 
bonus  of  .$100  to  $f>00  per  acre  may  be  paid. 

By  the  tenns  of  some  leases  rentals  do  not  begin  until  after  the  drilling 
of  tiie  first  which  must  occur  before  the  expiration  of  a  certain  period, 
say  two  years.  In  leases  providing  for  cash  yearly  rentals  no  provision  is 
made  for  the  completion  of  a  well;  it  generally  being  considered  to  the  ad- 
vantage of  the  operator  to  prove  hia  territory  as  so<m  as  possible  so  as  to 
avoid  payment  of  unproductive  rentals.  Some  leases  provide  for  the  time  of 
beginning  and  finishing  the  first  welL 

The  terms  of  the  lease  provide  that  the  lessee  shall  have  access  to  liie 
land  and  the  use  of  enough  of  the  ."iurface  of  the  land  for  the  e.'^tablishinp:  of 
his  equipment  and  for  conducting  operations  necessary  to  production.  The 
lessor  has  the  use  of  all  land  not  necessary  to  the  operations  of  the  lessee. 
In  the  event  of  natural  ;ras  instead  of  oil  bein^  found  on  the  property  under 
lease,  the  owner  of  the  property  is  protected  by  a  clause  in  the  lease  which 
provides  for  the  payment  for  the  gas  based  on  the  nnmber  of  cubic  feet  pro- 
duced. Some  lea.ses  provide  for  the  payment  of  from  $100  to  $160  per  year 
per  well  to  the  land  holder  and  free  gas  for  his  use. 

Locating  the  Wells.  The  location  of  the  wells  on  the  structure  is  a  matter 
of  considerable  importance.  The  location  of  the  first  well  should  be  chosen 
with  care  since  a  failure  tends  to  condemn  the  entire  structure.  When  gas 
and  oil  are  present  in  an  anticlinal  structure,  as  gas,  oil  and  water  arrange 
themselves  in  the  order  of  their  specific  gravities,  gas  may  be  expected  in  the 
highest  portion  of  the  porous  Stratum,  oil  farther  down  the  dip  and  water 
still  farther  down  the  structure. 

Locations  along  the  crest  or  apex  of  the  anticline  may,  under  such  cir- 
cumstances yield  jras  and  if  oil  is  desiretl  a  location  should  ho  made  farther 
down  the  dip.  If  gas  is  not  present,  oil  may  occupy  the  highest  part  of  the 
porous  layer  and  rest  beneath  the  surface  of  the  apex  of  the  structure. 

If  the  first  well  is  jMoductive,  the  second  well  is  located  near  the  first 
following  the  supposed  ti-end  of  the  structure.  The  distance  between  the  wells 
should  be  governed  by  the  thickness  and  the  porosis  of  the  oil  sand.  If  the 
oil  aand  is  thin  and  porous,  the  wells  may  be  placed  fttrtiier  apart,  say  1,000 
to  1,500  feet.  If  the  oil  sand  is  thick  and  not  very  porous,  the  wells  may  be 
placed  500  feet  apart  or  even  less.  Some  operators  place  one  well  to  every 
ten  acres.  In  the  drilling  of  deep  wells  nrach  money  is  wasted  by  close  placing 
of  wells. 

DriUing  Methods.   Methods  of  drilling  oil  wells  and  the  type  of  drill  used 


uigiii^LU  by  Google 


824 


DBPARTHENT  op  CON«yATION 


varies  with  the  depth  of  the  wells,  the  character  of  the  rocks  penetrated,  and 
otlier  conditions.  For  moderately  Bhallow  wells  in  soft  strata  the  portable 
type  of  drill  may  be  used.  Such  rips  arc  easily  transported  over  rouph  roads 
and  rapidly  put  down  to  depths  not  exceeding  1,200  feet,  but  wells  have  been 
put  down  to  depths  of  2,600  feet  by  the  use  of  such  rigs. 

The  rip  most  in  use  for  the  drilling  of  deep  welKs  is  known  as  the  "Stand- 
ard" which  consists  of  a  derrick,  with  walking  beam,  bull  wheel,  cable  with 
tools  attaeihed,  and  other  aeeessorfes.  (Figure  CVI.)  The  derrick  may  be 
either  a  steel  frame  (Fiirure  CV)  or  wood,  but  consists  of  four  upriphts  OMl- 
verging  toward  the  top  and  tied  and  braced  at  intervals  with  cross  pieces. 
The  height  of  the  derrick  is  usually  70  or  more  feet,  about  20  feet  wide  at 
the  bottom  and  four  feet  at  the  top.  The  bottom  of  the  derrick  rests  upon 
large  beams,  rocks,  or  concrete  and  supports  at  the  top,  the  crown  block  bearing 
the  pulleys  for  the  cables  attadied  to  ttie  drill  and  sand  pump. 

The  cable,  composed  of  manilla  or  wire  is  wound  upon  the  shaft  of  the 
bull  wheel,  while  one  end  passes  over  the  crown  pulley  at  the  top  of  the 
derrick  and  down  to  the  end  of  the  walking  beam,  to  which  the  temper  screw 
is  attached  by  one  end,  the  other  end  is  clamped  to  the  cable.  (Figure  CVI.) 
To  the  end  of  the  cable  is  attached  the  string  of  tools  which  consists  of  the 
rope  socket,  sinker  bar,  jars,  auger  stem  and  auger.  (Figure  CVIII.)  The 
walking  beam  is  pivoted  at  the  middle  to  an  upright  post  and  is  attached  by 
a  pitman  rod  to  a  crank  on  the  band  wheel.  The  motion  of  the  band  wheel 
moves  the  walking  beam  up  and  down  alternately  lifting  and  dropping  the 
auger  and  string  of  tools  in  the  bore.  As  the  bore  is  deepmed  the  tem- 
per screw  (Figure  CVIII)  is  turned  until  the  bore  has  increased  in  depth  a 
full  screw  length,  about  five  feet,  when  the  temper  screw  is  undamped  from 
the  cable,  the  latter  is  wound  on  the  bull  wheel  ahalt  and  the  tods  are  lilted 
from  the  well.  The  well  is  then  bailed  by  lowering  a  sand  pump  or  a  bailer 
into  the  well  by  a  line  passing  over  the  sand-reel  pulley,  allowing  it  to  fill 
and  devating  it  to  the  surface  by  the  same  line.  The  bailer  consists  of  a 
cylindrical  body  of  galvanized  iron  with  a  bail  at  the  top  and  a  stem  valva 
at  the  bottom.  When  the  stem  rests  on  the  bottom  of  the  bore  it  raises  the 
valve  and  allows  the  bailer  to  fill,  but  when  lifted  from  the  bottom  the  vahre 
drops  into  place  and  the  water  and  drillings  are  carried  to  the  saxfiMa  and 
allowed  to  eaeape  as  the  stem  of  the  valve  rests  on  the  bottom  of  the  water 
trough. 

An  engine  and  boiler  are  necessary  to  furnish  power  to  the  drill,  the 
engine  being  connected  to  the  band  wheel  by  a  belt.  The  fuel  used  for  the 
boiler  may  be  coal,  oil  or  gas.  Water  for  the  boiler  may  be  supplied  from 
wdls,  springs,  streams,  or  ponds. 

Drive  Pii>e  ami  Cnxhifj.  Whenever  a  well  is  started  in  loose  rock  such  as 
glacial  drift  or  forms  of  mantle  rock,  a  large  iron  pipe  called  drive  pipe  is 
forced  through  the  mantle  rock,  following  the  drill  and  set  «n  ilie  solid  bed 
rock.  Thi.s  pipe  prevents  caving  of  the  soft  strata  and  keeps  water  out  of 
the  drill  hole.  If,  during  the  process  of  drilling,  a  porous  layer  is  encountered, 
containing  water  under  pressure,  it  may  he  necessary  to  lower  the  string 
of  ca.'-ing  inside  the  drive  pipe  and  set  it  on  an  impervious  layer  below  the 
wattr  hearing  layer  in  order  to  shut  out  the  water.  If  oth;'r  water  bearing 
layer.s  are  encountered,  other  strings  of  ca.-^ings  must  be  lowered.  In  deep 
wells  it  is  often  necessary  to  have  eight  or  ten  dilTerent  siaes  of  casinga, 
starting  with  an  18-inch  casing  and  ending  with  a  St-faadL 
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Coat  of  OU  WeUa.  The  coRt  of  an  oil  xteW  varies  with  a  number  of  fae- 
torSf  such  as  dfpth,  cbaiiictcr  of  rock,  arc(  ihility  to  fuel,  transportation 
eonditions  and  others.  The  cost  of  work  preliminary  to  the  actual  drilling  is 
the  same  regardless  of  the  depth  of  the  well,  providing  the  same  type  of  rig 
is  used  for  both  i<hnlIo\v  and  der))  wells.  The  eost  of  actual  drilling  per  foot 
increases  with  the  depth.  The  light  portable  rig  which  may  be  used  to  ad- 
vantage in  Indiana  in  drilling  wells  ranging  up  to  1,200  or  1,500  feet  in  depth 
and  has  been  used  in  wells  as  deep  as  2.100  feet,  cost  $2,500  to  $3,000.  The 
stanil.ivil  (iir-  Ixrausc  of  tho  construction  of  the  derrick,  cost  much  more.  The 
cost  ot  wells  having  depths  ranging  from  800  to  1,000  feet  is  from  $2,000  to 
$2^.  Wdls  of  twice  those  depths,  cost  from  $9,000  to  18,000.  DriUers 
usually  contract  to  drill  a  well  to  a  certain  depth  at  so  much  per  foot  for 
the  drilling  and  installing  the  casing,  which  is  to  be  furnished  by  the  owner 
of  the  well.  The  cost  of  casinsr  varies  from  $1  per  foot  for  the  smaller  sims 
to  $3.50  per  foot  for  the  larjjor  .sizes.  In  the  irlaciatod  rcpion.«  of  Indiana  the 
largest  tubing,  the  so-called  drive  pipe,  must  extend  the  full  thickness  of  the 
glacial  drift  and  be  set  on  the  solid  bed  roek.  The  length  of  the  drive  pipe 
in  this  region  varies  from  a  few  feet  to  more  than  four  hundred  feet.  In 
the  non-glaciated  region  except  in  the  alluvial  bottoms  of  rivers  the  drive 
pipe  rarely  exceeds  one  section  of  pipe. 

A  written  contract  is  usually  made  between  the  driller  and  the  operator. 

Thi.s  contract  hinds  the  ■Irillci-  to  drill  to  a  m  taiii  ili  pth  for  a  ccrtaii'.  ^pi  cified 
sum  per  foot;  to  furniah  all  necessary  equipment;  to  begin  drilling  within  a 
certain  specified  period;  to  install  the  casing  and  to  pull  it  in  case  of  a  dry 
hole.  It  binds  the  operator  to  furnish  on  the  ground  the  drive  pi])e,  casing, 
rodding,  tubing  and  other  accessories  except  such  as  are  a  part  of  the  drilling 
equipment;  he  also  allows  the  driller  the  use  for  fuel  the  oil  or  gas  which 
exists  or  may  be  found  in  drilling:* 

AhnndojiitHj  a  WiH.  If  a  wrll  i.s  dry  or  the  production  too  light  to  be 
profitable  and  the  well  is  to  be  abandoned  it  must  be  plugged.  The  laws  of 
Indiana  irovide  that  before  the  casing  can  be  drawn  from  a  well  and  aban- 
doned, the  nearest  State  Gas  In.spcctor  shall  bo  notified  and  bis  pre.«cncc 
becured.   Under  his  direction  the  casing  may  be  drawn  and  the  well  plugged. 

Shooiruff  OU  Well*.  If  after  an  oil  well  has  reached  pay  sand  the  oil  does 
not  flow  freely  into  the  well  a.s  it  i.s  not  likely  to  do  in  case  of  a  dose- textured 
rock  it  becomes  necessaiy  to  shoot  the  well.  Shooting  is  accomplished  by 
lowering  to  the  position  of  the  oil  sand  a  charge  of  nitroglycerine  in  can- 
isters. The  amount  of  nitroglycerine  used  will  depend  upon  the  texture  of 
the  rock,  the  thickness  of  the  pay  .«and,  danper  of  flooding  and  other  factors. 
The  amount  ordinarily  used  is  from  60  to  100  quarts  but  the  amount  may  be 
more  or  less.  The  explosive  nuiy  be  exploded  bjr  placing  a  fulminate  cap  on 
the  chnrjre  in  the  well  and  dropping  a  conical  iron,  the  "go-devil"  upon  it 
or  by  dropping  a  nitroglycerine  "jack  siiuib"  bearing  a  fulminate  cap  upon 
the  charge  in  the  well  (Figure  CXII).  Care  must  be  taken  not  to  get  tiie 
charjre  below  the  pay  "^and  because  of  the  rlansrer  of  flooding  or  of  p  ttinp  it 
above  the  pay  sand  in  which  case  the  shattered  barren  rock  may  interfere  with 
production. 

Pvntping  OU  Wi  lln.    When  oil  exi.sts  in  the  oil  .«and  under  great  pressure 

it  may  be  forced  to  the  surface  :nid  a  flowinKr  well  produced.  Even  a  flowing 
well  by  decrease  of  pressure  may  cease  to  flow  and  require  pumping.  Some 


.  Hand  Book  of  Indiana  Geology  827 

wells  mjuire  pumpini;  from  start.  Wells  may  be  pumped  by  separate  power 
units  or  by  central  power  units.  A  very  common  practice  is  to  connect 
a  number  of  well.*',  say  six,  with  a  central  powei-  plant  by  means  of  rods 


Fig.  CIX.    Standnrd  pumpinK  jack. 


L 


Fl«r.  ex.    St*el  pumpinK  im-k.    <III.  !«iir>'<Tr.) 

which  are  attached  at  the  well  to  pumpinp  "jacks"  which  tran.sfonn  the 
horizontal  pull  of  the  rods  into  vertical  movement  of  the  pump  rods  in  the 
well.    (Figures  CIX  and  CX.) 


Digitized  by  Google 


828 


Department  of  Conservation 


Hand  Book  of  Indiana  Geology 


829 


Oil  TrnnftpoHafton.  Tho  most  pffirient  methwl  of  oil  transportation  is  by 
pipe  line,  pipes  laid  underground  through  which  oil  is  pumped.  Pipe  lines 
now  cany  oil  from  the  mid-continental  field  to.  the  Atlantic  Coast  The  pipe 
of  the  main  lines  has  a  diameter  of  oipht  inches  nnd  the  fpo<iprs  from 
three  to  six  inches.  Pumping  stations  are  distributed  at  intervals  along 
the  main  lines.  (Ml  is  also  transported  from  the  oil  field  to  the  refineries  hy 
tank  cars  and  tank  ships.  Some  oils,  like  certain  Mexican  oils,  are  too  dense 
to  be  transported  long  distances  through  pipes  and  such  oils  are  transported 
in  tank  can  or  tank  ships. 

OU  Stomge.  Oil  as  it  is  brought  from  the  weUs,  must  be  stored  in  tanks 
at  least  temporarily.  If  the  oil  field  is  near  the  refinery  it  may  be  pumped 
through  pipe  lines  and  kept  moving  from  the  field  thus  necc.si>ituting  only 
temporary  storage.  When  the  field  is  located  at  a  distance  from  the  refinery 
and  the  means  vf  transportation  is  by  tank  cars,  large  storatre  facilitie.s  are  a 
necessity.  Storage  tanks  are  built  of  iron,  wood  or  concrete,  in  cases  of 
emergency  rcoemrirs  of  earth,  have  keen  made.  Tanks  may  he  placed  above 
or  below  jn^und.  In  some  of  the  oil  fields  concrete  tanks  placed  below  ground 
are  being  constructed.  Less  evaporation  and  gi-eater  safety  from  fires,  especially 
llres  eanasd  by  lightning,  are  the  daims  made  toit  than.  The  approximate 
dimwisieins  of  tanks  of  variom  civaeity  are  given  bdow: 

Capadtar  in  AnMla  Height  in  Feet  IMameter  in  Feet 

5,000  20  40 


The  gauging  tanks  range  in  size  from  25  to  100  barrels  and  the  oil  is 
moasnred  in  Oese  before  being  pumped  to  the  storage  tanks. 


10,000 
20,000 

30,000 
55,000 


30 
80 

30 
30 


70 

86 

115 
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Pabt  VI. 

*  GENERAL  GEOLOGICAL  CONDITIONS  IN  INDIANA. 

The  general  geolof?icul  conditions  of  Indianu  are  not  complex.  The  rocks 
belong  to  the  sedimentary  division.  The  only  rocks  of  i^eous  origin  known 
in  the  State  are  the  bowlders  which  were  carried  into  the  State  from  the 
crystallina  Mt  of  rode  lying  far  to  the  north.  During  a  great  part  of  the 
time  that  the  rocks  of  Indiana  were  beinpr  deposited  the  sea  occupied  the 
whole  or  a  part  of  the  State.  In  this  sea  the  fragments  of  disintegrated 
rocks  of  former  ages  were  deposited  to  oontribute  to  the  strata  ^ieh  were 
later  to  form  the  surface  of  the  State.  The  movement  which  wa.s  to  convert 
the  marine  Indiana  into  dry  land  began  on  the  eastern  border  and  extended 
aerofls  llie  State  nortiiwesterly.  Because  of  this  differential  uplift  the  south* 
western  and  the  mu  tlu  astorn  COmerS  of  the  State  were  the  last  portions  to 
emerge  from  a  gradually  retreating  sea.  Though  it  is  possible  the  emergence 
of  the  northeast  comer  may  hare  antedated  that  of  the  sontiiwest.  (See 
next  page  for  taUe.) 

Potxdnm  SdUfhtour.  The  oldest  rock  reached  by  the  drill  in  Indiana  is  a 
sandstone  which  is  probably  of  the  age  of  the  Potsdam  sandstone  of  the 
Carahrian  period.   Oil  or  gas  has  not  been  found  in  tiiis  formation  in  this 

or  in  the  neighborinp  States.  The  formation  does  not  outcrop  at  any  point 
within  the  State.  Wells  have  penetrated  it  to  a  depth  of  300  feet  without 
pasing  through  it. 

Lower  Moffntaian  Limeattme.    Overlying  the  Potsdam  sandstone  is  a 

lim(:'st(^r.c-  -whicli  is  fhouKht  to  be  of  the  :iv:v  of  the  Lower  Maj^rnesian.  No 
outcrop  of  the  formation  occurs  within  the  State.  Its  thickness  as  recorded 
in  well  records  is  about  800  feet.  It  is  thoni^t  to  be  equivalent  in  age  to  the 
Caldferous  of  the  New  York  seetimi. 

S/.  Pi  i,  r  S(in(l.-<to)it.  A  number  of  deep  wells  in  Indiana  have  passed 
through  the  Trenton  limestone  and  pierced  a  stratum  of  sandstone  which  has 
been  referred  to  the  St.  Peter.  The  tiilcknea  «f  the  sandstone  as  revealed 
by  well  records  varies  from  150  to  800  feet.   It  is  tiiought  to  he  equivalent 

in  ajre  to  the  Chazy  of  New  York. 

Trenton  Limestone.  Overlying  the  St.  Peter  sandstone  is  a  limestone 
which  has  been  the  source  of  the  larger  part  of  the  oil  and  ?as  produced  in 
the  State.  Portions  of  the  upper  part  of  the  litn>  slotic  hu\  u  been  rendered 
porous  by  dolomitizatlon  and  where  the  structural  conditions  of  the  formation 
have  been  favorable  oil  or  gas  has  been  collected  in  these  porous  portions. 
The  thickness  of  the  Trenton  limestone  varies  from  470  to  586  feet 

The  (geological  formations  which  outcrop  at  the  surface  or  have  been 
revealed  in  deep  wells  in  Indiana  axe  given  in  the  accompanying  table.' 

'Plnr  mow  ownnleU  dhtMiiaiM  of  th»  wbdtvMww  i^iiiiHd  ia  thk  Ubk  w>  weart»  by  AiM«y.  CW- 
iaBi.Ib«ato,N«wMim,Pri«^Bki1iatlMl.HidothOTpublidiMliath»A^^  ForUw 
NbdivMaMa(th«Cb«lOT«MmiOTM'niiBAmcriewIMtoai^"Iiid^  8w 
Plwtllodlibwwk. 
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Geolof^ical  Section  of  Indiana. 

Cincinnatiun.  The  group  of  limcston&i,  shales  and  sandstones  overlying 
the  Trenton  are  usually  referred  to  as  the  Utica  and  Hudson  River  shales  in 
report  pertaining  to  the  oil  industry  of  the  State.  These  formation.s  outcrop 
in  the  southeastern  part  of  the  State  and  they  have  been  studied  and  their 
lithological  and  paleontological  characters  determined.  The  total  thickness 
of  the  strata  of  this  group  is  about  700  feet. 

SUurian  Strata.   The  formations  belonging  to  the  Silurian  in  Indiana  con- 


Vig.  CXV.    Public  rond  in  the  "Knobstonc"  fonnation  nciir  New  Albitnjr.    Photo  by  HohenlxTKer. 


sist  chiefly  of  limestones  with  thin  layers  of  calcareous  shales.  In  the  records 
of  oil  wells  they  arc  commonly  referred  to  under  the  head  "Niagara  limestone." 
Over  much  of  the  oil  and  gas  territory  in  the  eastern  part  of  Indiana  the  first 
stratum  of  the  durolith  (bed  rock)  encountered  by  the  drill  is  the  Silurian 
limestone.  The  Silurian  strata  outcrop  in  the  southeastern  portion  of  the 
State  and  in  the  eastern  portion  where  ero.sion  has  removed  the  glacial  drift. 
The  divisions  represented  in  southern  Indiana  are:  Brassfield  limestone 
(Medina),  the  Osgood  limestones  and  shales,  the  Laurel  limestone,  the  Wal- 
dron  shale  and  the  Louisville  limestone.    The  thickness  of  the  Silurian  in 

58— 206«2 
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southern  Indiana  varies  from  1)5  to  14U  feet.  The  Waterlime  is  supposed  to 
be  represented  in  northern  Indiana  and  the  Schoharie  by  the  Pendleton  sand- 
stone. 

Devonian  Stmtn.  The  lower  portion  of  the  Devonian  con.si.st.s  of  the 
Jeffersonville,  the  Silver  Creek  and  the  Sejlersburg  limestones.  These  out- 
crop in  Clark,  Jennings  and  other  counties  in  the  -southern  part  of  the  State 
where  they  attain  a  total  thickness  of  about  ninety  feet.  In  the  well  rec- 
ords these  limestones  are  usually  referreil  to  as  the  Corniferous,  though  they 
are  probably  largely  Hamilton.    In  many  place-  it  i.s  .sufficiently  porou.s  to 


1* 


Fiw.  CXVI.    An  Oiilitic  (Snicml  linn -lniu-  <|iiart>,    Thi-  hm  i l>iir<l<  ii  whn  h  ha.i  liicri  rciuuvni  is 
MitchHI  limivtimi',    Thi:  firnl  cut  i«  lN-iii«  niuilc  in  thi-  iii>ii«-t  Mirfave  of  tho  Snlcm. 


allow  the  accumulation  of  oil  and  gas  where  structural  conditions  are  favor- 
able and  some  oil  and  gas  pro<luction  in  Indiana  is  derived  from  the  Cornifer- 
ou.s.  Above  the  Devonian  limestone  lies  a  black  bituminous  shale  called  the 
"New  Albany"  which  is  supposed  to  be  of  onuivalent  age  to  the  Genesee  of 
the  New  York  section. 

Muiirissippian  Stmta.  The  lowermo.^t  division  resting  on  the  New  Albany 
is  the  Goniatite  or  Rockford  limestone,  a  thin  .stratum,  often  only  two  feet 
thick,  greenish  color  on  fresh  fracture  but  weathers  brown.  Overlying  the 
Rockford  is  the  New  Providence  shale  member  which  is  followed  by  the  Knob- 
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?lone  shales  and  .-•andstones,  containing  some  lense<!  of  limestone.  The  term, 
Rivorside  sandstone  was  applied  by  Foeiste  to  a  sandstone  in  the  Knobstone. 
Tho  Knobstonr-  sandstones  fmiucntly  contain  pockets  of  fras  and  there  is 
reason  to  believe  they  may  foi-m  oil  reservoirs.    The  thickness  of  the  Knob- 


\^^>-:- 


Viit.  CXVII.  <"«vr  in  Milchi'll  limi>triiio  in  Hi»rri»on  Cnunty.  Caves  iitnl  uruleritrouml  watPr 
rourwa  are  abunilant  in  thin  limotnni-  in  Imliunn  and  Kentucky.     ( Phntu  l>y  Hohrnbt'i-Kcr.) 

stone  varies  from  530  to  650  feet.  The  Harrodsburg  (Warsaw)  limestone 
overlies  the  Knobstone.  The  line  of  contact  is  marked  by  a  large  quantity 
of  quartz  geodes.  The  ciystals  in  the  interior  of  the  pcodcs  are  usually  quartz 
but  in  some  calcitc.  This  member  consists  of  thin  bedded  limestone  and 
fihales.  The  limestones  arc  irregularly  bedded,  veiy  fossiliferous,  contair 
chert,  stylolites  and  coarsely  crystalline  calcite.    Its  thickness  is  from  60  to 
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!>0  feet.  The  Salem  furnishes  the  Indiana  oolitic  building  stone.  It  occupies 
in  its  outcrop,  a  narrow  strip  extending  from  Putnam  County  to  Harrison 
County,  the  main  quany  district  being  located  in  Lawrence  and  Monroe  coun- 
ties. The  limestone  occurs  in  a  massive  bed  usually  vaiying  in  thickness  from 
30  to  90  feet.   The  stone  is  a  fine  grained  limestone,  the  grains  being  composed 


File.  rXVIlI.  A'>  outcrop  of  MunHfifld  unncUtiinc  showliii;  illtTerentinl  weatherinK.  the  more 
rmUtant  parts  are  cements]  with  iron  oxidtrx.  Thin  form*  one  of  the  oil  sands  of  sooth- 
wi'sU-m  Inilinna.    (T*hciU>  by  P.  B.  Stockdalc.) 

of  shells  or  fragments  of  shells.  It  is  generally  i-ecognized  by  its  massivencss 
and  granular  (so-called  oolitic)  structure. 

The  Mitchell  is  composed  chiefly  of  limestone  with  some  thin  beds  of  shale 
in  its  upper  horizon.  It  is  a  harder  limestone  than  the  oolitic  and  is  used  much 
for  i-oad  material.  The  individual  beds  of  the  limestone  vary  from  two  to 
thirty  feet  in  thickness.    Some  of  the  layers  of  the  upper  portion  contain 
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inclusions  of  chert.  Fine  gruine<i,  litiiogruphic  stone  is  present  in  some 
horiwiu.  The  thickness  of  the  Mitchell  varies  from  160  to  200  feet 

Thp  Chester  is  conipnscd  of  a  srrics  of  .sandstones,  limostones  and  shale?;. 
The  sandstones  become  oil  reservoirs  in  southwe^itern  Indiana,  a  portion  of 
the  oil  production  of  that  rejrion  being  derived  from  them.  Some  of  the  shales 
of  the  Chester  arc  oil-hf  ai  in^'  tliouL'h  they  do  not  form  reservoir.'^.  Some  of 
the  limestones  are  of  an  oolitic  character  and  some  are  lithographic.  The 
san^tetones  are  fine  grained  and  are  usaally  distinguishable  from  the  coarser 
grained  HansficlH. 

Penvsylvnninu  Strntti.  A  lonp  period  of  ero.sion  preceded  the  deposition 
of  the  Pennsylvanian  roclu>,  and  the  surface  of  the  Mississippian  upon  which 
the  PottsviUe  rocks  were  deposited  was  very  irregular.  The  PottsviUe  division 
is  represented  by  beds  of  shale,  thin  beds  of  coal  and  a  coarse  sandstone,  the 
MansAeld.  The  latter  is  often  conglomeratic  and  in  some  places  contains 
irregular  masses  of  limonite  The  Mansfield  sandstone  becomes  an  oil  reser- 
voir in  the  southwestern  part  of  the  State.  Many  of  the  shales  associated 
with  the  coals  of  the  PottsviUe  are  oil  bearing.  There  is  an  unconformity 
betweett  the'Pottsville  and  Allegheny  divisions  in  Indiana  which  in  some  places 
is  well  marked. 

Coal  Measarrx.  Thv  rocks  of  the  AllcKlieny  division  consist  of  shales, 
coals,  limestones  and  sandstoncii.  Many  of  the  shales  are  oil  bearing  under 
destructive  distillation.  The  sandstones  furnish  reservoirs  in  which  oil  and 

gas  have  accumulated  at  points  whore  structural  conditions  are  favorable. 
Many  of  the  productive  sands  in  Gibson  and  Piite  counties  belong  to  the  Coal 
Measures. 

Metvm  SenidtUim*  This  sandstone  rests  unconformably  upon  the  Coal 
Measures  in  some  places  occupying  erosion  channels  carved  in  the  rocks  of 
the  Coal  Measures.  This  sandstone  is  conglomeratic  in  its  basal  portions  in 
some  localities. 

Trrtinr;/.  Sonic  gravd  beds  which  occur  in  :  outhorn  Indiana  consisting 
chiefly  of  chert  and  flint  gravels  with  geodes  probably  belong  to  the  Pliocene 
epoch  of  the  Tertiary  Period. 

Quaternary.  The  Pleistocene  or  glacial  deposits  cover  a  large  part  of 
the  suiface  of  Indiana.  There  an  ,Trra  in  the  southern  part  of  the  State 
lying  south  of  the  north  line  of  Monroe  County  where  the  two  lobes  of  the 
lllinoian  glacier  did  not  coalesce  that  was  not  glaciated.  The  deposit  of 
placial  drift  reaches  a  thickness  of  more  than  100  feet  in  places.  The  pres- 
ence of  the  drift  has  greatly  interfered  with  the  development  of  the  oil  and 
gas  industry  since  it  concealed  the  outcrop  of  the  duroKtii  and  prevrated  the 
determination  of  structural  conrlitions  by  direct  obser\'atioil.  The  Strata  of 
the  Cincinnati  geanticline  are  buried  under  the  drift  and  its  minor  struc- 
tural irregularities  concealed. 

The  Recent  deposits  coM.--ist  (if  ;rsir!ual  clays,  loam  and  soils  foimcd  from 
the  decomposition  of  the  durolith,  alluvial  deposits  of  the  stream  valleys,  dunes 
ct  wind  blown  sand  and  mari  and  peat  deposits. 

Structural  Features  of  Indiana.  The  major  structural  features  of  Indiana 
are  comprised  in  the  Cincinnati  freanticline,  the  northern  badn,  the  westem 
basin  and  the  Mount  Carmel  Fault. 

The  Cincinnati  Geanticline  which  extends  northward  in  Ohio  sends  oflF 
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an  arm  which  passes  through  Indiana  in  a  northwesterly  direction.  The 

movrmont  which  inaugurated  the  arrhiii^r  took  place  durin^r  the  Ordovician 
period  and  continued  until  the  doee  of  the  Carboniferous  Period  but  while  the 
movement  resulted  probably  in  land  condition  beinf?  produced  in  soathcm 
Ohio,  the  effect  in  Indiana  was  the  production  of  a  sub-marine  ridge  on  the 
slopes  and  across  the  top  of  which  the  sediments  of  later  periods  were  de- 
posited. This  ridge  formed  the  dividing  line  between  a  basin  on  the  north  and 
one  on  the  southwest.  The  younger  rocks  dip  away  fram  the  ridge  toward 
these  basins.  Sediments  of  Cambrian  and  Ordovician  age  wei-e  deposited  on 
the  eroded  Pre-Canibriun  surface  before  the  elevation  of  the  Cincinnati  Arch. 
Through  well  records  we  learn  that  below  the  Trenton  limestone  which  has  a 
thickness  of  fiOO  or  more  ftu-t  thi  ro  lies  :i  saiidstono  which  probably  corresponds 
to  the  St.  Peter  sand.stonc  which  outcrops  in  Wisconsin.  Its  thickne.«s  varies 
from  160  to  800  feet.  That  below  the  sandstmie  tiiere  is  a  limestone  which 
probably  corresponds  in  ajre  to  the  Lower  Magnesium  limestone  which  has  a 
thickness  of  about  300  feet  and  rests  on  the  Potsdam  sandstone  which  has  a 
tiiielcness  of  more  than  300  feet  The  Potsdam  sandstone  behmgs  to  the 
Cambrian  period  and  is  the  oldest  rock  known  to  occur  in  situ  in  Indiana. 

The  Noi-IIh  I  II  Iln.'<in.  The  center  of  the  northern  basin  lies  north  of  In- 
diana about  Bay  City,  Michigan.  The  southern  limit  of  the  basin  is  the  Cin- 
cinnati Arch  which  passes  across  the  State  in  a  northwesterly  direction.  The 
.scdiment.s  deposited  in  this  basin  rnntco  in  age  from  the  Silurian  to  and 
including  the  Coal  Measures  of  the  Pennsylvanian.  It  is  very  probable  that 
the  sediments  of  these  formations  were  continaoiis  across  tiie  arch  at  one  time, 

but  if  so,  they  have  h(>cn  removetl  by  ciosioii  only  the  Silurian  rocks  now 
rest  below  the  drift  and  overlie  the  Ordovician  on  the  top  of  the  Arch.  The 
dip  of  the  strata  from  the  top  of  the  Areh  northward  is  gmtle  at  first  not 
I  xrording  ten  feet  to  tho  mile  but  the  dip  increases  until  it  reaches  tiiirty 
or  more  feet  to  the  mile. 

The  South ircHtcrn  Duain.  This  basin  ha.s  its  center  in  .southern  Illinois 
toward  which  the  formation.^  laid  down  on  the  western  and  .southern  flanks 
of  the  Cincinnati  Arch  dip.  The  dip  of  the  formations  varies  from  thirty 
to  fifty  feet  to  the  mile,  perhaps  in  a  few  places  exceeding  fifty  feet.  The 
total  ttdckness  of  the  sediments  deposited  in  this  basin  in  Indiana  on  top  of 
the  Trenton  is  probably  as  much  as  .'{..'"■OO  feet. 

The  Mount  Carmel  Fault.  Early  in  the  fall  of  1916  the  attention  of  the 
writer  was  attracted  to  a  reversal  of  dip  in  some  beds  of  limestone  lying  in 
eastern  part  of  Monroe  County.  In  places,  this  reversal  of  dip  was  noticeable 
in  the  limestones  which  overlie  the  Knobstone  -hales  and  and  sandstonrs,  in 
other  places  in  the  .sandstones  of  the  Knob.stone  and  again  in  beds  of  Imie- 
stone  occupying  certain  horizons  in  the  Knobstone.  Upon  an  investigation 
of  the  available  geological  literature  I  found  in  the  Report  of  the  State 
Geologist  for  1896,  pages  :i90-91,  that  Siebenthal  discusses  the  Heltonville 
Limestone  Strip  as  follows:  "Commencing  at  Limestone  Hill,  eight  miles 
southeast  of  Hloomiti^'ton  am!  extending  east  of  southeast  through  Helton- 
ville to,  and  probably  beyond  Fort  Ritner,  Lawrence  County,  is  a  band  of 
limestone  from  one-half  to  one  and  a  half  miles  in  width,  bordered  sharply, 
both  east  and  west,  by  Knob.stone,  anil  known  in  that  neighborhood  as  the 
Limestone  Strip.  Isolated  patches  of  similar  limestone  occur  north  of  this 
strip  and  in  line  with  it.  The  strip  is  well  developed  in  the  vicinity  of  Helton- 
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ville,  Lawrence  County,  where  it  gives  expo>u)f.<  of  the  Hurrodsbui'g,  Bedford 
Oolitie  and  Mitebdl  limestones. 

"At  many  points  the  Knobstone  contains  intercalated  len'Jrular  be<ls  of 
limestone,  and  it  is  pos&ibly  conceivable  that  the  conditions  which  prevailed 
whOe  these  beds  were  htSmg  deposited  mfght  have  beoi  attended  over  a  narrow 
territory  like  the  Heltonvillc  strip.  However,  the  fact,  first  that  Knobstone 
has  not  been  found  overlying  this  limestone,  and  second,  that  it  shows  the 
lithologieal  fades  of  the  Harrodsburiri  the  Bedford  Oolitic  and  the  Mitdiell 
limestones,  and  the  faunas  of  th«'se  formations,  identifies  it  with  them  and 
shows  conclusively  that  it  is  a  narrow  band  of  these  formations,  occupying  a 
depression  in  tiie  Knobstone,  and  not  ari  iadnded  member  of  the  Knobstone. 

♦This  depression  may  have  n  suited  ftwn  a  double  fault  or  may  he  an 
old  erosion  channeL  Some  things  seem  to  point  to  one  as  the  origin  and 
some  to  the  other.  The  facts  at  band  tndine  us  to  the  lattor  view.  The  most 
palpable  objection  to  this  view  is  the  fact  that  no  nonconformity  exists  be- 
tween the  Knobstone  and  the  Harrodsburg  limestone  at  their  contoct  a  few 
miles  west  of  the  strip.  Another  objection  is  that  the  bottom  of  the  channel, 
at  present  at  least,  is  not  all  of  uniform  elevation  throughout  its  length.  The 
principal  objections  to  the  view  of  a  tiouble  fault  are  two — at  no  point  was 
a  direct  vertical  contact  of  Knobstone  and  limestone  visible,  nor  was  there 
to  be  seen  any  of  the  tilting,  crushing  and  shattering  which  usualiy  accom- 
panies faulting.  On  the  other  hand,  as  the  vicinity  of  the  contact  line  is 
approached  the  shaly  layers  of  the  limestone  become  more  and  more  argil- 
lacieoas  and  apparently  pass  over  into  the  Knobstone.  To  determine  the  exact 
conditions  under  which  the  limestone  strip  was  laid  down  would  require  more 
extended  study  than  is  consistent  with  the  scope  of  this  report.  What  has 
been  done  was  to  trace  upon  the  aoeempanyinir  maps  the  outcrop  of  the  Bed- 
ford  Oolitic  and  to  examine  the  bed  more  carefully  at  places  where  It  is  nOW 
being  quarried,  namely  at  Heltonville  and  Fort  Ritner.'* 

In  the  proceedings  of  the  Academy  of  Science  of  Indiana  for  1897,  page 
262,  J.  A.  Price  discusses  the  boundaiy  of  the  limestone  strip  and  says  in 
conclusion:  "It  is  not  possible,  from  data  in  hand,  to  say  surely  whether  this 
strip  of  limestone  owes  its  existence  to  an  unconformity  or  a  fault." 

In  HM)y  J.  F.  Newsom  published  a  description  of  a  "Geologic  Section 
Across  Southern  Indian.*"  as  a  part  of  the  'ifith  Annual  Report  of  the  State 
Geologist.  On  pages  271  and  275  Newsom  refers  to  the  structure  as  a  fault 
in  the  Knobstone  area.  He  gives  its  extent  as  being  from  near  Unionville  in 
Monroe  County  to  a  point  in  the  northern  part  of  Washington  County. 

In  referring  to  the  discussions  of  Siebenthal  and  Price  in  the  27th  An- 
nual Report  of  the  State  Geologist,  1909.  on  page  90,  Ashley  says;  "It  is 
evident  that  if  the  limestone  strip  north  of  White  River  is  due  to  a  fault  its 
effects  should  continue  to  the  south  rather  than  turn  and  follow  the  outcrop. 
A  glance  at  the  map  in  the  r^rhm  north  of  Campbellsburg  is  alone  suffi- 
cient proof  of  the  fault  character  of  the  disturbance." 

In  studying  this  structure  in  detail  the  writer  has  found  that  it  is  much 
more  extensive  tiian  Newsom  stated;  that  there  is  a  second  fault;  that  other 
disturbances  were  connected  with  it  and  that  the  actual  contact  whlch  he 
has  found  presents  some  interesting  features. 

Egtent  of  the  Fault,  While  I  have  not  yet  been  able  to  trace  the  fault 
to  fhtt  borders  of  the  State  at  either  of  ita  extremities  I  have  been  able  to 
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trace  it  far  beyond  its  mentioned  boundaries  and  feel  confident  that  the  par- 
ticular disturbance  under  discussion  extended  from  the  Ohio  to  the  Wabash 
along  the  western  border  of  the  Knobstone  outcrop  and  perhaps  beyond. 
Tractaig  the  fault  soofh  of  Campbdlsburflr  in  Washington  County  is  diffleuK 
because  the  area  on  each  side  of  the  rift  is  occupied  by  limestone. 

Along  the  northern  end  of  the  displacement  glacial  deposits  conceal  the 
bodroek  to  such  an  extent  as  to  render  observation  diflknlt.  Under  these  cir- 
cumstances the  best  that  can  be  done  is  to  trace  the  disturbance  by  the  reversal 
of  dip  of  the  limestones,  as  the  finding  of  the  rift  will  be  extremely  difficult. 
By  sndi  observations  as  it  was  possible  to  make  I  have  traced  the  disturbance 
from  a  point  southeast  of  Campbell'sburg  in  Washington  CSoun^  to  a  point 
northwest  of  Waveland  in  Montfromcr>'  County. 

Rift.  The  actual  contact  of  the  rocks  along  the  fault  plane  is  revealed 
in  only  a  few  places.   There  are  numerous  places  where  the  harder  more 

resistant  i^tratum  of  limestone  stands  forth  like  a  wall  on  one  side  of  the  rift, 
but  the  opposite  side  is  occupied  by  mantle  rock  which  wai>  derived  by  the 
weathering  of  the  Knobstone  and  which  conceals  the  actual  rift  Excavations 
made  at  such  places  would  doubtless  reveal  the  actual  contact  of  the  limestone 
and  the  Knobstone. 

In  a  few  loeaUtfes  the  rift  is  exposed  and  the  plane  of  the  fault  is  bor- 
dered on  the  one  side  with  limestone  and  on  the  other  by  :  hale.  One  outcrop 
of  the  rift  zone  was  found  in  the  bed  of  the  north  fork  of  Lcatherwood  Creek 
near  Heltonville.  At  this  point  the  Knobstone  occurs  on  one  side  of  the  fault 
plane  and  the  Harrodsbur^  limestone  on  the  other.  The  line  of  lift  is  dis- 
tinct, being  marked  by  a  thin  bed  of  brecria.  The  hrecriated  zone  is  com- 
posed mainly  of  fragments  of  limestone  in  which  small  fragments  of  shale 
are  intermingled:  These  fragments  have  been  cemented  together  with  ealdte 
and  the  whole  7one  more  or  less  marbleized.  In  a  cross-section  of  the  brec- 
ciated  rock  the  veins  of  culcitc  stand  out  clearly,  as  they  are  whiter  than  the 
fragments  of  limestone  and  shale  which  they  bind  together.  Small  quantities 
of  other  minerals  are  present  in  .some  parts  of  the  brecciated  zone,  but  there 
is  an  absence  of  the  more  insoluble  minerals,  such  as  silica  or  the  silicates. 
This  fact  leads  to  the  eondusioa  that  meteoric  rather  tiian  thermal  waters  have 
played  the  leading;  role  in  the  concentration  of  these  minerals. 

Perio'Is  rif  Muvenirtit.  The  qrestion  of  whether  the  displacement  took 
place  all  at  one  time  or  was  intermittent  is  an  interesting  one.  AH  of  my 
attonpts  to  find  an  evidence  of  intermittent  movement  by  an  examination 
of  .surface  features  have  been  unsuccessful.  If  there  were  intermittent  move- 
ments of  any  considerable  extent  we  would  probably  find  them  revealed  in 
hani^ng  valleys  on  the  upthrow  side  and  the  rapid  broadening  of  valleys  on 
the  downthrow  side  of  the  fault.  In  ca~e  there  were  two  stajres  of  move- 
ment, and  the  movement  in  the  last  stage  an  exceedingly  slow  one,  the  vertical 
cutting  of  the  main  stream  might  be  as  rapid  as  the  uplift,  but  still  the 
rejuvenation  of  the  tributaries  should  result  in  a  narrowinj?  of  the  valleys. 
In  the  rift  zone  there  is  evidence  of  two  stages  of  movement  though  the 
amount  of  displacement  in  the  second  .<;tagc  i.s  slight.  The  time  Interval 
between  the  two  movements  was  of  considerable  length,  since  the  fragments 
of  the  brecciated  zone  were  firmly  cemented  before  the  second  movement  took 
place.  Fragments  of  shale  which  were  included  in  the  limestone  fragments 
during  the  first  movement  were  faulted  by  the  second  movement.  These  shale 
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inclusions  would  not  have  undergone  faulting  iiad  they  not  been  held  rigidly  in 
place  by  the  cemcntinjf  material. 

Atnottnt  of  Throw.  The  amount  of  throw  of  the  fault  varies  probably 
from  200  to  SOO  feet.  Opportanities  for  measnrinsr  fhe  amonnt  of  throw  are 
not  numt'ious.  It  can  bo-t  he  computed  by  ostimatinp  the  total  amount  of 
eastward  dip  of  the  formations  along  the  line  of  contact  between  the  Uarrods> 
hnrg  and  the  Knobstone.  At  a  point  south  of  Mt.  Carmel  the  difference  in 
rlcvation  of  the  inrifart  above  sea  level  is  iif)  feet  in  a  distance  of  one-fourth 
mile.  Since  the  width  of  the  down-thrown  block  is  at  least  one  mile  and  a 
half  In  this  locality  the  fhiow  of  the  fault  is  at  least  800  feet  The  anoant 
of  dip  of  the  down-thrown  beds  in  other  localities  is  less  than  at  this  point* 
so  much  less  that  the  indicated  throw  is  not  more  than  200  feet. 

Age  of  the  Fault.  The  time  at  which  the  dislocation  occurred  can  not  be 
iixed  deftnitdy.  It  is  probable  that  it  oeeurrad  at  tlie  dose  of  tiie  PaleoMie 
Era  when  the  Appalachian  revolution  which  resulted  in  the  elevation  of  the 
eastern  part  of  North  America  took  place.  Contemporaneous,  with  or  subse- 
quent to  that  (preat  epeirosenic  movement,  faulting  and  minor  folding  took 
place  in  Indiana,  Illinois  and  Iowa,  and  other  States  lying  as  far  west  as 
these  from  the  region  of  maximum  disturbance.  These  faults  like  the  one 
under  diseuuion  have  a  northwest  disfcurbanoe. 

Tfie  HeUonvitle  Fault.  About  one  mile  west  of  the  Mt.  Carmel  fault 
there  is  a  second  fault.  This  I  have  named  the  Heltonville  Fault  because 
the  rift  is  expo.sed  a  short  distance  east  of  Heltonville  in  the  bed  of  the  north 
fork  of  Leatherwood  Creek,  at  a  point  just  east  of  the  wagon-crossing  under 
the  Southern  Indiana  railroad.  This  fault  lies  approximately  parallel  with  the 
Mt.  Carmel  fault.  The  limestone  has  been  faulted  down  against  the  Knob- 
stone.  SliekensUdes  have  been  produced  in  the  limestone  and  it  has  hem 
much  fractured.  In  plac&<;  the  limestone  has  been  thrust  backward  and  frag- 
ments of  the  Knobstone  shales  have  been  thrust  into  the  limestone.  In  places 
these  formations  are  dovetailed,  lingers  of  Umcstmie  projecting  into  the  Knob- 
stone and  vice  versa  as  first  one  and  then  the  other  yielded  to  the  pressure. 
The  fragments  of  limestone  containing  inclusions  of  shale  have  been  united 
by  caldte  veins. 

Though  the  fault  character  of  the  disturbance  at  this  point  i.s  incon- 
testable it  is  not  equally  clear  at  other  points.  The  disturbance  extends  both 
north  and  south  of  this  point,  but  it  probably  passes  into  a  fold  in  both  direc- 
tions. In  Monroe  County  near  UnioJiville  there  is  an  anticline  which  occupies 
about  the  same  position  in  relation  to  the  Mt.  Carmel  Fault  as  the  Helton- 
ville fault  does,  i^mikr  folds  have  been  noted  «t  intervening  points  and 
also  to  the  south  of  Hdtonviiie. 

Effect  f'pnn  Topofjrnpfni.  The  jreneral  effect  upon  topographic  conditions 
within  the  area  of  disturbance  has  been  to  produce  a  narrow  limestone  belt 
extending  parallel  with  the  main  Knobstone  outerop  and  bordered  on  each  side 
by  outcrop.s  of  Knobstone.  In  the  southern  portion  of  the  faulted  area  the 
western  belt  of  Knobstone  is  absent,  but  its  nearness  to  the  surface  along  the 
line  of  the  eastward  reversal  of  dip  is  revealed  in  the  channels  of  many  streams 
whidi  have  carved  their  valleys  at  right  angles  to  the  line  of  reversal. 
Probably  the  most  marked  effect  is  on  the  drainage.  Both  surface  and  under- 
ground drainage  lines  are  affected.  In  the  faulted  area  the  ground  waters 
which  have  found  their  way  through  the  limestone  have  a  tendency  to  follow 
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tlM  eastward  sloping:  surface  of  the  Knobstone  to  the  rift,  and  near  this  point 
often  come  to  the  surface  in  a  stream  valley  which  lies  near  the  rift  and 
genei-uUy  parallel  with  it.  This  tendency  of  the  anderflrround  streams  is 
modifi»>fl  by  local  dips  of  the  strata  ivufh  or  south. 

The  iiurfacc  ^treanui,  especially  iliose  along  the  line  of  the  fault  plane, 
have  been  influenced  by  the  displaeonent.  Tiiey  have  worked  off  the  harder 
limestones  on  to  the  Knobstone  in  many  places.  These  follow  the  line  of  rift 
until  a  local  north  or  south  dip  ha^i  caused  them  to  change  the  direction  of 
their  course.  Smalt  tributaries  of  the  hirger  eross-euttlnir  streams  have  de- 
veloped, as  has  l>oen  noted  apain  and  a^rain,  alnnp;  the  lino  of  rift. 

The  Mount  Carmel  Fault  is  one  of  the  most  important  structural  fea- 
tures in  Indiana.  It  extends  from  near  the  Ohio  River  northward  to  tiie 
north  part  of  Putnam  County  and  possibly  extends  in  a  westerly  and  north- 
westerly direction  from  that  point  to  the  western  boundary  of  the  State.  The 
extent  of  its  throw  in  places  exceeds  two  hundred  feet.  In  a  general  way 
it  parallels  tin  \vr>tern  limits  of  the  Knob.stone  outcrop.  The  downthrow 
side  is  west  of  the  fault  line.  The  faulting  and  the  subsequent  erosion  has 
resulted  in  a  limestone  belt  boi-dcred  on  the  east  and  west  by  Knobstone,  the 
limestone  being  on  the  downthrow  side  and  thus  protected  from  the  eroeion 
which  caused  the  removal  of  the  limestone  of  the  same  ape  lying  at  a  higher 
elevation  both  east  and  west.  Since  the  normal  dip  of  the  rocks  is  southwest 
the  downward  drop  of  the  Uoek  toward  the  ea.st  resulted  in  a  fold  lying 
parallel  with  the  fault  jdane  to  the  west.  .'\s  the  fault  changes  its  directions 
in  some  places  north  and  south  components  of  dip  are  produced  in  the  fold  at 
such  places  and  conditions  favorable  for  the  aceumalatioii  of  oil  and  gas 
produced.  One  such  place  occurs  in  Lawrence  County  and  considerable  gas 
and  a  showing  of  oil  obtained  west  of  Lee-sville.  Another  favorable  structure 
exists  near  UnionviUe  in  Monroe  County. 

PiUIT  VII. 

DISCUSSION  BY  COUNTIES. 

The  following  pages  contain  a  discussion  h\  counties  of  the  oil  and  gas 
development  and  possibilities  in  each  county.  The  report  is  only  preliminary 
and  the  information  pertaining  to  some  of  the  counties  is  very  meager.  Much 
information  has  been  obtained  since  the  preliminary  publication  of  this  part 
of  the  volume  hi  t  only  a  small  part  of  the  additional  information  could  be 
included  becau.se  of  the  large  quantity  of  other  material  to  be  inserted.  The 
exdnded  information  on  petroleum  and  natural  gas  will  be  induded  in  a 
future  publication. 

ADAMS  COUNTY. 

Adams  County  lies  within  the  glaciated  area  of  Indiana,  hence  iLs  bed 
rock  (duroUth)  is  covered  with  a  thick  ov*  i-burden  of  glacial  drift  (rejjolith). 
The  latter  varies  in  thickness  from  a  few  feet  to  eighty  or  more.  It  conceals 
the  eroded  surface  of  the  Silurian  (Niagara  limestone).  Beneath  the  Silurian 

strata  lie  the  shales  of  thn  Onlovician  which  r(•^t  upon  the  Trenton  limestone, 
within  porous  portions  of  which  oil  has  been  found  in  thi.s  county.  The  struc- 
tural conditions  cannot  be  determined  in  this  county  by  surflcial  observations. 
Enough  welts  have  been  drilled  in  the  county  to  furnish  snflldent  data  for 
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outlinini^  thn  structural  ronrUtions,  but  unfortunately  these  records  have  not 
been  preserved,  and  so  the  minor  irregularities  on  the  surface  of  the  geanti- 
cline cannot  be  located. 


Railroad  ElevatioM. 


GRAND  BAPIDS  AMD 

Feet  above 


Location  Sea  Level 

Geneva   84U.£> 

56th  mile  poet   849.7 

5(;th  mile  po.-^t   833.2 

57th  mile  post   845.2 

68tli  mile  post   847.4 

69th  mile  post   8;'.8.7 

60th  mile  post   841.3 

61st  mile  post   840.3 

62d   mile  post   82G.2 

63d    mile  post   8:59.2 

64th  mile  post   825.3 

Monroe   828.8 

65th  mile  post   823.2 

66th  mile  post   817.2 


INDIANA  SAIUKMD. 

Feet  above 


Location  Sea  Level 

67th  mile  post   812.6 

68th  mile  post   808.7 

69th  mile  post   803..'") 

70th  mile  post   801.8 

Decatur     799.2 

71st  mile  post   797.7 

72d  mile  post   786.4 

73rd  mile  post   794.0 

Monmouth    789.7 

74th  mile  post   789.0 

7oth  mile  post   810.0 

78th  mUe  post   817.6 

77th  mile  poet   816.1 

Williams    826.2 


TOUMM,  ST.  LOUIS  AND  WESTERN  RAIUWAD. 


State  line   800 . 7 

lOlst  mile  post   705.9 

102d  mile  post   802.7 

Pleasant  Mills    799.4 

104th  mile  po.st   797.0 

105th  mile  post   800.1 

106th  mile  pest   804.0 

107th  mile  post   802.2 

108th  mile  post   795.6 

I>eeatar    800.3 

lOPth  mile  po.st  •   804.9 

llUth  mile  post   809.0 

111th  mne  post   816.0 


112th  mile  post   81.T.6 

113th  mile  post   822.0 

Petenon   817.0 

I14th  mile  po.st   828.8 

115th  mile  post   829.0  - 

116th  mile  post   835.6 

117th  mile  post   846.3 

118th  mile  post   851.0 

llSHh  mile  post   859.5 

120th  mile  post   866.2 

121st  mile  post   8:^0. 

122d  mile  post   824.0 

123d  mile  poet   814.6 


CHICACO  ANI»  KKIK  LINK. 


Bridge  No  49 

Decatur   

Magky  


790,0  Bridge  No.  53 
799.0  Bridge  No.  66 
880.0 


800.0 
809.0 


bil  has  been  produced  in  the  southern  tier  of  townships  and  in  Blue 
Creek  Township.   The  production  was  heaviest  in  Hartford  Township. 

Waahington  Tou  nship.  The  following  is  the  record  of  a  well  drilled  at 
Decatur  as  given  by  Phinney': 
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Decatur  Well. 


Drift    47  feet 

Limeetone   486  feet 

Bluish  shale   667  feet 

Black  shale    110  feet 

Trenton  limestone   40  feet 

Total  depth   1300  feet 

AHitiide  of  well   800  feet 


Blue  Creek  Township.  Wells  in  sections  8,  9,  10,  15,  IG,  17,  21,  22,  27, 
28,  29,  30,  31,  32,  33  and  '.  J.  Liirht  oil  production  was  obtained  in  15,  16, 
22,  27,  29,  30,  31,  32  und  34.  In  15)16  five  wells  were  abandoned  in  section 
31  and  two  in  section  32.  Dry  holes  were  drilled  in  sections  8,  9,  10,  15,  17, 
21,  28,  29,  80  and  88.  (Sas  was  obtained  in  seetion  16. 

Hartford  Tnvfiship.  The  most  productive  territory,  was  foiUld  in  this 
township.  Oil  production  was  obtained  in  sections  12  to  36,  inehuim.  Dry 
hdes  were  drilled  in  sections  4,  7,  8,  12,  14,  15,  1^  17,  18,  22  and  28.  Some 
of  the  wells  had  an  initial  production  of  180  barrds  per  day.  Thirteen  wells 
were  drilled  in  the  northeast  quarter  of  section  26,  the  average  depth  of  the 
Trenton  bein^  1004  and  the  average  initial  produetien  being  one  hundred 
barrels  per  day'.  The  record  of  a  well  drilled  on  the  southwest  liuarter  of 
section  2&  is  given  by  Blatchl^'  as  follows: 

Record  of  Well  in  Section  25. 

Drive  pipe   110  feet 

Casinp    230  feet 

Trenton  struck  at   996  feet 

Initial  prodoetkm,  160  bands. 
Production  in  October,  1896,  two  barrels. 

A  lar^  number  of  wdls  have  been  abandoned  in  this  township;  a  partial 
list  is  given  below: 

The  wells  abandoned  In  thia  towndiip  are  located  as  follows: 


See. 

WeUs 

Sec. 

Wells 

Sec. 

Wells 

12 

8 

25 

4 

84 

8 

13 

2 

26 

8 

86 

10 

17 

1 

28 

4 

86 

.1 

20 

1 

33 

1 

Jefferson  TowtiKliiiK  Production  has  been  obtained  in  this  township  from 
f«ctions  4,  5,  6.  10,  16,  18,  19,  20,  21,  22,  27,  28,  29,  30.  31,  32  and  84.  Dry 
holes  were  drilled  in  sections  7,  8,  in,  l.^^,  1(5.  17,  18,  22  and  33.  Gas  was 
obtained  in  16  and  34.  The  initial  production  of  oil  ranged  as  high  as  one 
hundred  barrels  per  day.  Abandoned  wdls  are  loeated  in  aaetkm  4,  one  well; 
seetion  10,  one  well;  section  16,  iieven  wells;  seetion  21,  three  WeUs;  section 
22,  two  wdb;  section  21>,  one  well. 

Wabtuk  Tmnuhip.  Light  production  was  obtained  in  sections  18,  19,  20, 
27,  28, 29}  30, 81,  82  and  86.  Diy  holes  were  drilled  in  sections  1,  2,  8,  6,  6,  7, 
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8,  9,  10,  11,  12,  13,  14,  15,  16,  17,  18,  lU,  20,  21,  22,  24,  25,  32,  33,  35  and  36. 
A  partial  list  «f  the  wdls  alMuidoned  Is  given  belov: 


Sec 

Wells 

See. 

Wells 

See. 

Wells 

Sec 

Weils 

7 

5 

27 

1 

31 

4 

86 

7 

19 

2 

29 

5 

32 

1 

28 

2 

30 

23 

35 

1 

In  Adams  County  880  wells  have  been  abandoned,  only  a  partial  list  of 
whldi  has  heen  recorded. 


ALLEN  COUNTY. 

The  durolith  of  the  northern  portion  of  Allen  County  is  composed  of 
strata  of  Devonian  age,  but  for  the  remainder  of  the  county  it  is  composed 
of  Silurian  strata.  The  regolith,  which  is  composol  mainly  of  glacial  drift, 
varies  in  thickness  from  one  hundn'l  to  three  hundred  feet.  Irrepulaiities 
in  the  surface  of  the  durolith,  irrcgi'laritic.s  of  decomposition  and  po.st  glacial 
erosion,  account  for  the  ditTcrence  in  thickness  of  the  drift.  This  county 
lies  larprely  on  the  side  of  the  Cincinnati  arch  dippinfj  toward  the  north  ba.«in. 
The  dip  of  the  surface  of  the  Trenton  northward  from  Ft.  Wayne  is  at  the 
rate  of  twelve  and  one>half  feet  to  the  mile.   At  Ft.  Wayne  the  surface  of 

the  Trenton  lies  about  B.'>ri  foot  helow  <ea  level,  at  Stoners  near  thr  north 
line  of  the  county,  it  is  SCiU  feet  and  near  New  Haven  it  is  about  (i80  feet 
beiow  sea  levd.  Not  enough  well  records  are  available  to  determine  accurately 

the  structural  condition,'  and  subsurface  work  is  tlic  only  |)os~:ihlc  -ource  of 
information  on  account  of  the  concealment  of  the  durolith.  The  following  are 
of  the  railroad  elevations  in  the  county; 

Railroad  Elevations. 


Fort  Wayne  . 

. . . .757.3 

Fort  Wayne 

, , ,  779 

.0 

....767.8 

 798. 

.6 

Fort  Wayne  . 

 71)5.1 

Carroll  

....852 

. , . .802.3 

.1 

Bimtertown  . 

....841.6 

. .  ..826 

.7 

Academic  . . . 

....829.9 

Junction 

704 

.4 

Monroevillc  . 

.  ..  789 

.6 

....840.1 

Huntertown  . 

.1 

New  Haven  758.6 

Gorham  817.8 

Washinn^ton  811.9 

Maples  790.5 

Stoner's  887.7 

Wab.  Crossing... 7.''>7. 8 

Adams  790.9 

Wallen  854.6 

Adams  791.9 

WajfHe  ToiciinJiip.  Fom  welLs  were  drilled  at  Fort  Wayne.  They  range 
in  depth  from  1000  to  3000  feet.   Tlif  i.  cnrds'  of  Nos.  1  and  2  follow: 

Section  of  WeU  No.  1,  Nov.  18,  1886. 

Drift   #   77  feet 

Waterlime    30  feet 

Niagara   570  feel 

Hudson  River  and  Utica   751  feet 

Trenton  limestone   15  feet 


ToUl  depth   1443  feet 

Trenton  below  sea  level   693  feet 
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Gas  with  an  initial  pressure  of  160  pounds  per  square  inch  was  foi-<nd 
upon  entering  the  Trenton  rock  at  a  depth  of  1428  feet;  at  a  depth  of  1431 
feet  a  eonstderable  quantity  of  oil  was  found. 

Section  of  Well  No.  2. 


Drift   110  feet 

Lower  Helderburi;    34  feet 

Niagara  limestonr-  and  shale   571  feet 

Hudson  River  limestone  and  ^hale   410  feet 

Utica  shale    312  feet 

Trenton  limestone  . . . .  ^   21  feet 

Total  depth  1468  feet 

Trenton  below  sea  level   660  feet 


Yielded  no  gas.   Salt  water,  however,  was  found  in  considerable  quan* 

titles. 

Below  is  given  the  record  of  a  well  drilled  in  Peny  Township': 
Section  of  WeU  Drilled  on  See.  4,  Twp.  32,  R.  12. 


Surface  above  sea  level   844  feet 

Drift   281  feet 

Limestone   749  feet 

White  shale   430  feet 

Black  shale    240  feet 

Trenton  limestone   62  feet 

Total  depth   1752  feet 

Trenton  below  .sea  level   850  feet 


Did  not  strike  gas,  oil  or  .«alt  water.  The  dip  of  the  surface  of  the 
Trenton  from  Fort  Wayne  to  this  point  is  about  twelve  and  one-half  feet  to 

the  mile. 

AdnniH  Toicnnhiii^.  N.  E.  %  of  section  14  in  1899  made  a  fair  showing  of 
oil,  but  a  second  bore  resulted  in  a  dry  hole.  A  third  bore  resulted  in  a  well, 
described  below: 


Drive  pipe    96  feet 

ra-insr   700  feet 

Top  of  Trenton  1440  feet 

Total  depth   1496  feet 


Several  bores  were  drilled  on  the  farms  adjoining  the  above,  but  resulted 

in  dry  holes.  , 

J{icl:.<'nr  T<>irir,:liiii\    Section       bare  completed  on  the  .■\m?pauch  farm, 

started  with  an  output  of  twelve  barrels  per  day.    Section  33,  a  teat  well 

was  drilled  in  October,  1908,  which  resulted  in  about  eif^tem  barrels. 

Motinx  Ti>irus:lni>.    A  larpe  showinir  of  oil  in  section  3,  also  a  big  supply 

of  gas;  caught  fire  before  the  drilling  was  completed.   A  well  in  section  8, 

on  the  C.  K.  Dresser  property  was  abandoned  in  1919. 
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BAliTIIOLOMEW  COUNTY. 

TIm  glacial  drift  covering  Bartholomew  County  varies  in  thickness  from 
five  to  more  than  otw  hundred  feet  Underlying  the  drift  in  the  eastern  part 
of  the  county  are  etrata  of  Silurian  and  lower  Devonian  afi^e,  while  in  the 
western  part  the  strata  are  of  the  upper  Devonian  and  lower  Mississippian 
age.  The  SUnrian  rocke  are  limeatonea  largely,  the  Devonian,  duties  and 
limestones,  and  the  Mississippian  shales  and  sundstoncs. 

The  structural  conditions  are  not  easily  determined  on  account  of  the 
glacial  drift  which  conceals  the  outcrop  of  the  bed  rock  strata.  If  the  proper 
geological  structures  exist,  it  is  possible  that  oil  and  ^as  may  be  found  in  the 
Devonian  and  the  Trenton  in  the  western  part  of  the  conntj'  and  from  the 
Trenton  in  the  eastern  part  of  the  county.  The  Trenton  lies  below  the  surface 
at  depths  ranging  from  800  to  1200  feet 

The  record  of  a  well  drilled  at  Columbus  is  given  bdow: 

Section  of  Well  No.  1.' 


Drift   26  feet 

Devonian  shale   87  feet 

Comif erons  limestone   82  feet 

Niagara  limestone    235  feet 

Hudson  Biver  limestone  and  shale   440  feet 

Utiea  shale   1S5  feet 

Trenton  limestone   166  feet 


Total  depth  1110  feet 


Yielded  no  gas. 

Elevation  on  Railroads. 

Columbus,  627.3;  Clifford,  668.3;  St.  Louis  Crossing,  679.5;  Wiggs,  615.9; 
Eliiabethtown»  615.8;  Waynesville,  601.7. 


BKNTON  COUNTY. 

Rock  strata  belonging  to  the  Devonian,  Mississippian  and  the  Pennsyl- 
vanian  periods  underlie  the  Pleistoeene  deposits  in  Benton  County.  The  latter 
attain  a  thickness  of  fiom  7")  to  HrtO  feet.  The  bed  rock  strata  dip  toward 
the  southwest.  The  Trenton  limestone  may  be  reached  at  a  depth  of  from 
800  to  1100  feet^  depending  upon  the  surface  elevation  and  location  in  tiw 
county.  The  structural  condition.^  in  the  county  cannot  be  determined  by 
surficial  methods,  and  the  use  of  a  large  number  of  well  records  will  be  nec- 
essary in  order  to  gain  even  a  general  idea  of  structural  conditions.  Without 
such  data,  prospecting  for  oil  in  this  county  will  be,  of  necessity,  with  the 
drill  and  attended  with  exceptional  risk.s. 

The  following  is  the  reported  record  of  a  well  at  Fowler: 
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Section  of  WeU  No.  1. 


Drift    280  feet 

Devonian  black  shale   92  feet 

Comiferous  limestone  ,   40  feet 

Niagara  limestone   328  feet 

Hudson  River  and  Utiea  .'   255  feet 

Total  depth   995  feet 


ivailroud  Klevutions. 

Wadena,  800.0;  Lochiel,  795;  Barce,  808;  Swaniitfrton,  796;  Oxford,  736; 
State  line,  706;  Freeland,  720;  Atkinson,  712;  Gravel  Hill,  780;  Sheff,  727; 
Sheldon,  680;  Iroquois,  649;  Ottcrbein,  705.3;  Vilas,  707;  Templeton,  669; 
Fargo,  771;  Chase,  738.3;  Boswell,  756.3;  Talbot,  763.8;  Handy,  743;  Ambia, 
780.6.  The  elevations  above  given  used  with  well  records  and  records  of  out- 
crops and  an  anoioiti  barometer  in  the  hand^  Af  a  trained  Reolofirist  may  be 
the  means  of  determining  the  structural  conditions  in  this  county. 


BLACKFORD  COUNTY. 

The  mantle  rock  in  Blackford  County  is  f^lacial  drift  varyinir  in  thick- 
ness from  15  to  150  feet.  The  drift  rests  on  the  Niagara  limestone  which 
has  been  eroded  by  preglacial  streams  and  varies  in  thickness  with  the  eon- 
fipuration  of  that  .surface.  The  Silurian  (Niaj^atan)  limestone  ha.**  a  thick- 
nees  of  200  to  350  feet  at  least.  The  underlying  Ordovician  shales  (Hudson 
River  and  Utfean)  reach  a  thiclcness  of  600  feet,  while  the  Trenton  Hmestone 
has  a  thickness  of  about  500  feet. 

Licking  Toioiship.  Producing,'  oil  and  wells  have  been  drilled 'in  this 
township.    The  following  well  records  were  reported  by  Gorby': 

Hartford  City. 

Well  No.  1         Well  No.  2 

Drift  180  feet  82  feet 

Niagara  limestone  350  feet  280  feet 

Hudson  River  and  Utica  478  feet  573  feet 

Trenton  limestone  80  feet  82  feet 

Total  depth  feet  ^967  feet 

Trenton  below  sea  level  70  feet  40  feet 

The  first  yrave  a  stronjc  flow  of  (j-as  ami  the  .second  a  very  strong  flow. 

Another  well  located  near  the  Fort  Wayne  and  Muncie  Railroad  depot 
waa  rqiorted  by  Fhinney*  as  follows: 

Drift  125  feet 

Limestone   200  feet 

Shale   622  feet 

Trenton  limestone    85  feet 

Total  datpth   982  feet 

The  devatlon  of  tlM  statimi  is  887.6  feet  above  sea  levd. 


•  Gocky.  8.  8.  ImL  QmI.  8w.  UW,  v  M7. 

*  PhiaiMy.  A.  J..  11th  Ana.  Bept.  IT.  8.  G.  S..  p.  679. 
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Since  the  altiludc  of  the  mouth  of  the  well  is  given  at  895,  the  top  of 
the  Trenttm  would  lie  52  fast  bdow  sea  level.  This  well  at  first  had  a  flow 

of  of  850,000  cubic  feet  per  day;  by  drillinp  deeper  it  wa,';  increased  to 
2,787,0OU  cubic  feet  per  day.  A  second  well  was  drilled  half  a  mile  southwest 
of  the  first  and  the  Trenton  reached  at  935  feet   This  well  flowed  7.982.000 

cubic  feet  1)0!-  day. 

A  well  drilled  north  of  Hartford  City  reached  gas  at  980  feet  and  had  a 
daily  capacity  of  6,.^83,000  cubic  feet.  Gas  wells  were  located  in  this- township 
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Fiir.  CXX.    Mhp  of  Blnckfnrd  Cotinly.  nhowini;  nbandoncd  wdla.    WuhinKtun  and  KsnlMMl 
Townnhips  wci.-  nil  tctritnfy  hh.i  i.Ukinff  mmI  Jacltaon  KM  terrltoTjr.  A  Uttle  oU  wM 

l>ro(luco<l  in  l.irkiiiK  in  thi'  nnilhi  rn  purl, 

in  sections  5,  7,  8,  17,  19,  20,  21  and  27.  Oil  wells  were  located  in  sections 
1,  2,  4,  5,  fi.  7,  !».  10,  11,  14,  16,  18,  22  and  27.  The  following  wells  have 
been  plu^^ed:  Sictitjn  1,  ono  well;  section  2,  one  well;  section  6,  nine  wells; 
section  8,  one  well;  sictioii  10,  four  wells;  section  11,  three  wells:  section  14, 
one  well;  section  ir»,  one  well;  section  17,  one  well;  section  29,  one  well; 
section  35,  two  wdls. 

//(»  ■/ )so7)  Toiriishtji.  A  well  drilled  at  Montpelier  reported  by  Dr.  C.  Q. 
ShoU  gives  the  following  section: 

■  I'hinni-y,  loc.  cit. 
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1.  Drift   

2.  Gray  limestone   

8.  Gravd,  14  ft  and  red  day,  16  ft 

4.  Gray  limestone   

5.  Shale  (Niagara)   

€.  Bluish  limestone  

7.  Bluish  shale   

8.  Brownish  limestone   

9.  Bluish  diale  

10.  Gray  limestone  

11.  Bluish  green  shale  

12.  Brown  shale  

13.  Bluish  shale  

14.  Black  shale  

15.  Trenton  limestone   


Total  depth 


16%  feet 

23  feet 

80  feet 

180  feet 

38  feet 

66  feet 

35  feet 

35  feet 

85  feet 

8  feet 

160  feet 

50  feet 

18  feet 

280  feet 
11 feet 

076  feet 


The  elevatim  of  the  station  at  Mratpdier  is  867  feet  aboive  sea  level. 

The  foUowiiiflr  wells  have  heen  plugged  in  this  township:  Section  1,  16 

wellfj;  section  3,  1  well;  section  4,  1  well;  sections  5,  14  wells;  section  6,  13 
wells;  section  1,  4  welL>;  section  1>,  2  wells;  section  16,  1  well;  section  18,  1 
wdlj  section  30,  2  wells;  seetion  31, 1  wdl;  section  38, 1  welL 

Washington  Totvnahip,  All  the  sections  in  the  town.ship  have  produced 
oil,  and  gas  has  been  obtained  from  sections  23,  24,  31,  32,  35  and  36,  R.  11  E., 
oil  in  6,  7,  18,  19,  30  and  ^as  in  19  and  30,  R.  12  E. 

Wells  have  been  pluKK:e<i  as  follows:  Section  1,  1  well;  section  3,  6  wells; 
section  4,  6  wells;  section  5,  23  wells;  section  7,  10  wells;  section  !>,  4  wells; 
section  10,  8  wells;  section  12,  G  wells;  section  13,  6  wells;  section  21,  12  wells; 
section  24,  1  well;  section  30, 1  wdl;  section  81, 14  wdls;  section  82,  2  wella; 
section  33,  1  well;  section  3."^.  1  well. 

Jackson  Township.  Sections  6  and  7  produced  oil.  Gas  was  found  in 
sections  5,  17  and  18.  Wells  have  heen  ahandoned  in  the  following  sections: 
Section  2,  1  well;  section  5,  1  well;  section  8,  1  well;  section  9,  1  well;  section 
15,  2  wells;  section  17,  1  well;  section  23,  2  wells;  section  24,  1  well;  section 
25, 1  well;  seetion  28, 1  wdl;  seetion  32, 1  well;  section  33, 1  wdl. 

Anna  C.  Simonton  Fam,  See.  16,  Harrison  Twp.:  * 

Sand  and  gravd   134  feet 

Limestone    138  feet 

Shale    725  feet 

Trenton  rock  ■  .•  42  feet 


Total 


ilOSO  feet 


Lewie  Blount  Farm,  See,  14,  Harrison  Twp.,  Blackford  Coonty: 

Sand  and  K'ravd   118  feet 

Limestone   162  feet 

Shale   700  feet 

Trenton  rode   47%  feet 


Total  depth  of  weU  1027)4  feet 


More  than  1896  wells  have  been  abandoned  in  this  comity. 
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BOONE  COUNTY. 

Strata  of  Devonian  ajre  form  the  durolith  which  underlies  the  eastern 
and  central  portions  of  the  surface  of  Boone  County,  while  strata  of  Mi»- 
sissippian  age  underlie  the  western  portion.  These  strata  are  concealed  by  the 
glacial  drift  which  varies  from  fifty  to  one  hundred  and  fifty  foct  in  thick- 
ness. The  strata  of  the  durolith  which  are  recognizable  from  the  well  records 
are; 


Mississippian  Shales  and  sands— Knobatooe 

Devonian  (Shale-New  Albany 

\  Limestones 

Silurian  /Shale 

lLime»itonf»  -Niagara  (?) 
Ordovietan  Slmles  T'lica  and  Hudson  River 

LiriK'stoiic  Trenton 


The  structural  conditions  in  Boone  County  cannot  be  determined  by  the 
use  of  Bttxfidal  olwervations.  Deqt  wdl  records  are  not  svflldentty  abundant 
to  famish  the  data  for  subsurface  work. 

Railroad  Elevations. 
Zionsville,  842;  Whitestown,  928;  Haselrigg,  904;  Terbnne,  940.8;  Max 


Station,  922;  Advance,  928. 

A  woU  drilled  at  ZionsviUe  is  reported  as  follows*: 

Drift    160  feet 

Black  shale  (trace)   75  feet 

Devonian  limestone,  with  sandstone  at  base   75  feet 

Lower  Helderburg  and  Waterlime   50  feet 

Niagara  limestone   166  feet 

Clinton  limestone    80  feet 

Hudson  River  and  Utica   525  feet 

Trenton  liincstone   88  feet 


Total  depth   1038  feet 

Altitude  of  well   T77  feet 

A  well  drilled  at  Thomtown  has  the  following  record': 

Drift    65  feet 

Sub-carboniferous  limestone  and  shale   3^8  feet 

Hamilton  shale    87  feet 

Comiferous  limestone  '.   87  feet 

Niagara  limestone   405  feet 

Hudson  River  and  Utica   373  feet 

Trenton  limestone   80  feet 

Total  <iepth   1287  feet 

Trenton  below  sea  level   394  feet 

Yielded  no  gas. 


A  well  was  drilled  at  Lebanon,  Indiana,  to  a  total  depth  of  1800  feet. 
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Depth  to  Trenton,  1227  feet.    Trenton  below  sea  level,  302  feet.    No  gas. 

The  record  of  this  well  an  given  by  Phinney  in  as  follows: 

Drift    210  feet 

Blue  and  Made  shales   2(J4  feet 

Limestones    401  feet 

Shale    412  feet 

Trenton  limestone   S73  feet 

TotiU  depth   1«0U  feet 

Altitmle  of  weU   926  feet 

BROWN  COUNTY. 

The  northern  part  of  Brown  County  lies  within  the  glaciated  area  but 
the  greater  part  of  the  county  furnishes  good  rock  exposures  as  the  topog- 
raphy is  nf  a  rugged  type.  Even  though  the  strata  are  not  concealed  by 
glacial  drift  the  determination  of  the  structure  is  (lifT'uult  on  account  of  the 
absence  of  persistent  layers  of  rock.  A  lens  or  perhaps  several  lenses  of 
limestone  oecur  about  one  hundred  feet  below  the  upper  surface  of  the  Knob- 
atone  group.  These  lenses  may  be  u.sed  locally  as  datum  for  mapping  the 
structure.  Sandstone  layers  occur  at  many  horizons  in  the  Knobstone  but 
they  are  unreliable  because  of  their  lenticular  character  and  cross  bedded 
nature. 

Trevlac.  A  well  was  drilled  on  the  BuUhimer  farm  two  miles  north  of 
Trevlac  The  drill  passed  into  the  Trenton  limestone  at  1460  feet.  The  upper 

part  of  the  limestone  was  fn.-.-ilift  rous,  pornu.^  and  contained  a  showing  of 
gas.  The  drill  passed  through  the  Trenton  at  2056  feet,  showing  5:^6  feet  of 
Umestone. 

Joknaon  Townahip.  A  well  was  drilled  in  section  7  in  Johnson  Township 

and  a  showlTiir  of  gas  was  obtained. 

The  elevation  of  the  surface  on  the  railroad  at  Trevlac  is  654;  Hclm.sburg, 
676;  Fmitdale,  about  797. 

CARROLL  COUNTY. 

A  small  area  around  Delphi,  another  one  in  the  northern  part  of  the 
county  and  another  in  the  eastern  portion  is  occupied  by  the  Niagara  lime- 
stone as  a  bed  rock  formation,  the  remainder  of  the  county  is  occupied  by 
the  Devonian  -itrata.  The  bed  rock  is  largely  concealer!  by  glacial  drift  but 
outcrops  occur  to  a  limited  e.xlent  along  the  Wabash  iiiver  and  some  of  its 
tributaries. 

The  followiti^^  are  the  recoi^ds  of  two  wells  drilled  at  Delphi^ 

Niagara  limestone   •'>87  feet 

Hudson  River  limestone  and  shale   220  feet 

Utica  shale   93  feet 

Trenton  limestone   12  feet 

Total  depth    912  feet 

Trenton  below  sea  level   334  feet 

Yielded  no  gas. 
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Section  of  Well  No.  2. 


Niagara  limestone  *  »   565  feet 

Hudsmi  River  and  Utie*  shale   861  feet 

Trentoa  limestone    434  feet 

Potsdam  sandstone   12  feet 

Total  depth   1382  feet 

Trenton  below  sea  level   850  feet 

Yielded  no  (fas. 


A  dome-like  structure  9t  Delphi  has  the  appearance  of  a  steeply  dipping 
antidine.  It  liaa  been  suggested  that  the  dome  is  the  remnant  of  a  steeply 
dippinir  Mef.  A  wdl  drilled  upon  it  failed  to  secure  production. 

Railroad  Elevations. 

Cutter,  722.7;  Bringhurst,  18.7;  Flora,  699.7;  Camden,  659.7;  Woodville, 
692.7;  Pattons,  682.4;  Unnox,  668.7;  Sleeths,  667.8;  Wabash  River,  647;  N. 
Delphi,  5r,7;  Delphi,  556;  Deer  Creek,  672;  Harley's.  698.5;  Oddey,  695; 
Orvaaco,  701. 

CASS  COUNTY. 

Strata  of  Silurian  and  Devonian  ape  unHerlie  the  surficial  deposit  of 
facial  drift  in  this  county.  The  determination  of  structural  conditions  from 
sorlidal  obaervations  is  prevented  1^  the  glacial  mantle. 

A  wdl  drilled  at  Galveston  famishes  the  following  sectioms: 


Sections  of  Well  No.  1*. 

Drift    40  feet 

Corniferous  and  Niafrara  limestone   410  feet 

Hudson  iiiver  and  Utica   480  feet 

Trenton  limestone   20  feet 

Total  depth    960  feet 

Yielded  no  Ka<. 

At  Logani»poit  a  well  is  reported  to  have: 

Depth  to  Trenton   996  feet 

Trenton  below  sea  level   844  feet 

Yielded  no  gas. 

A  second  record  was  eonstmeted  by  Phinney  from  drillings  kept  by  Dr. 

J.  H.  Shultz: 

Upper  Helderburg  limestone   40  feet 

Lower  Helderbwrg  limestone   3U  feet 

Watei   lime    108  feet 

Blui.sh  limestone,  Niagara   55  feet 

Argillaceons  limestone   110  feet 

White  and  yray  limestone   135  feet 

Bluish  green  shale  (Niagara)   2  feet 

Clinton  limestone  steel  gray,  red  grain   68  feet 

Hudson  River  limestone  and  shales   90  feet 
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Utica  shalr   281  feet 

Trenton  limestone  »   200  feet 

Total  depth  1104  feet 

Altitude  of  well   611  feet 

Section  of  well  at  Royal  Center: 

Drift    105  feet 

Niagara  limestone   485  feet 

Hudson  River    220  fret 

Brown  shale,  Utica  shale   110  feet 

Trenton  limestone    42  feet 


Total  depth    962  feet 

Three  wells  were  drilled  in  this  county  in  1909,  two  were  reported  dry 
and  the  third  as  showing  small  production. 


CLABK  COUNTY. 


The  srreater  part  of  Clark  County  lies  within  the  unglaciated  area  hut 
the  northeastern  part  of  the  county  is  covered  with  jrlacial  drift.  The  strata 
represented  by  the  outcrops  of  the  county  aic  >^ivcn  in  the  followinK  table: 


Qoatemary. 


(Keccot:  Clays  and  alluvium 
 \pIei8tocene:  Clays,  gravels  and  sand 

Mitchell  limestone 

1 Salem  limestone 
HarrodslnifK  limestone 
Knulistone.  sandstones  and  sbales 
Rocl<ford  litnestones 


[New  Albany  shales 


Devonisn  iSeUewburg  limestones 

{Silver  Crock  liinestinie 
[Jeffcrsonville  liuici^tuiic 

fijouiflvillc  limestone 

\\  aliinm  shale 

Silurian   — '  Laurei  limestone 

1  (>Hgood  limestone  and  shalo 
1  Brassfield  shale 


HichmontI 


Ordoviciaii , 


MaysriUe- 


( Elk  horn 

Whitewater 

Saluda 

l.iltcrty 
1  Wayneaviile 
(Amheim 

M(.  .\iibuni 
Coryville 
Hellcviie 
I'ainnouQt 
Mt.  Hope 
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The  determination  of  strnctural  conditions  faYorable  for  gas  or  oil,  if 

such  exist,  .^cfms  j)os?ible  in  this  county  because  of  the  absence  of  glacial 
drift  and  the  rugged  condition  of  the  topography  which  produces  many  out-  . 
crops  of  the  strata.  Key  formations  such  as  the  Louisville  limestone,  the  Sellers- 
buri?  and  the  Harrodsburp  may  bp  u.-oil  to  advantage  in  locating  structures. 
In  the  eastern  part  of  the  county  the  Trenton  limestone  is  a  possible  source  of 
gas  and  oil  if  favorable  conditions  exist.  In  the  western  portion  the  Trenton, 
Silurian  and  the  Devonian  limestones  may  furnish  oil  or  gas  reservoirs. 
The  following  is  the  record  of  a  well  drilled  at  JefferaonviUe: 

Section  of  Well  No.  1. 


Alluvium    43  feet 

Devonian  limestone    40  feet 

Niagara  limestone    105  feet 

Clinton  limpstono   20  feet 

Hudson  River  limestone  und  shale   646  feet 

Depth  to  Trenton   856  ffet 

Trenton  below  sea  level  401  feet 

Yielded  small  tlow  of  pas. 


Some  gaji  was  obtained  from  a  well  north  of  Jeffersonville. 


CLAY  COUNTY. 

The  portion  of  the  Geological  column  represented  by  the  outcrops  in 
this  county  is  given  below: 

Quaiernarv      .  /R***"*-  Alluvial  sands  and  days 

iPloistorene:  Glacial  sands,  gravels  and  till 

Pennsylvanian     /Allegheny:  Limesiones,  snn<lstones,  slialcs  nnd  coale 
iPottsville:  C'uiiKlumerate,  sands,  shales  unit  coals 

Missiesippian  —  Chester:  Shales,  sandstones  and  limestones 

On  account  of  the  thickness  of  the  mantle  of  Pldstoeene  and  Beeent,  out- 
crops of  the  bed  rock  are  not  numerous  but  some  of  the  streams  have  Cttt 
through  the  mantle  and  revealed  the  bed  rock.  Coal  strip  pits  have  also 
uncovered  the  strata  in  limited  areas.  The  determination  of  structural  con- 
ditions will  require  the  use  of  sub-surface  data,  such  as  the  record  of  wells, 
coal  .shafts,  etc.  Careful  discrimination  between  Pottsville  coals  and  Alle- 
gheny coul  will  be  necessary  us  the  use  of  the  latter  for  key  horizons  is  not 
always  safoi  as  there  is  some  evidence  of  a  posi-Pottsville  disturbance. 

The  following  is  the  record  of  a  well  drilled  cast  of  Jasonville.  These 
records  were  obtained  from  Jesse  Liston  of  Lewis: 


.  Sheets  Drill  East  of  Jasonville. 

Feet  Feet 

Surface  day                       Oto    15    Blue  lire  clay   38  to  50 

Sand.stone                           !•'>  to    ?>0    Water  sandstone   50  to  75 

Shale                                  30  to    36    Shale   75  to  100 

Coal                               86  to    38    Water  sandstone   100  to  180 
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Sheets  Drill  l]ast  of  Jtusonvillc— Coutinucd 


reel 

Water  sandstone  

lOl)  to 

1  (U 

17U  to 

£6^ 

Wnitc  snaie,  soiv*  ••••«•» 

SOD  VO 

oUO  TO 

sab  to 

OoB 

•5 'JO  fn 

352  to 

408 

408  to 

452 

452  to 

520 

Water  sandstone  

520  to 

580 

550 

580  to 

586 

586  to 

643 

Shale   

643  to 

65a 

668 to 

668 

Limestone   

668to 

850 

740 

White  limestone,  soft.... 

850to 

866 

Feet 

Brown  limestone   865  to  876 

White  limestone,  soft....  875  to  885 

Brown  limestone  885  to  925 

White  limestMie,  soft....  926 to  982 

Brown  limestone   932  to  987 

Water  sandstone,  blue         987  to  1080 

Blue  lick  water   987 

Brown  limestone  1030  to  1052 

Water  sandstone  1052  to  1077 

Limestone   1077  to  1365 

Shale  1365  to  1385 

Shale   1385  to  1550 

White  shale  1550  to  1685 

Black  shale   ifisr,  toi79i 

Sandstone   1791  to  1836 

Light  .showing  of  oil   1836 

Sandstone  and  limestone.  1836  to  1858 
Sandstone,  water  sand ...  1886  to  1868 
About  the  same  to  bottom 
of  hole    1892 


Pigg  Drill  ilast  of  Lewis,  Indiana. 


Goal   

Broken  stulT,  soft  lime 
shale  and  a  little  hroken 

sand   

Water  sand   

Shale  

Water  sand   

Black  shale  

Top  of  biir  lime  

Hard  lime   

White  shale  

Hard  lime   

Soft  lime   

Hard  lime  ............. 

Shale  

Hard  lime   


Feet 
76to  80 


410  to 

615  to 
695  to 
725  to 

730  to 
740  to 
744  to 

800  to 
805  to 
960  to 


410 
615 

695 
725 
730 
730 
740 
744 
800 
805 
950 
966 


Feet 

Blue  sand  1075  to  1100 

Water   1090 

Lime   110ntoll75 

Brown  sand  1175  to  1185 

Lime   1185  to  1290 

Sandy  lime  1290  to  1300 

Lime   1.300  to  1120 

Blue  lime  1420  to  1500 

Gray  lime  1600  to  1626 

Lipht  shale   1-525  to  1570 

Dark  shale   1570  to  1670 

Lifdit  shale  1670  to  1680 

Riley?  sand   1860  to  1684 

Light  shale   1684  to  1785 

Dark  shale   1786  to  1860 


966  to  1076 


It  was  drilled  .some  deeper  than  this,  but  the  record  further  down 
unobtainable. 
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Mttduni  WdL 

Glacial  drift  35  feet    Sandstone  and  date  28  feet 

Sandstone  and  shale  85  feet    Gray  slate   10  feet 

Sandstone    5  feet    Sand  and  slate   17  feet 

Sandy  shale    15  feet    Sandstone  and  slate   50  feet 

Slate  and  stone     6  feet    Limestone   88  feet 

Blue  shale  20  feet     Slate  and  sandstone   5  feet 

Sandstone    3  feet    Limestone  and  slate   5  feet 

Sandy  shale  and  slate   16  feet    Limestone    30  feet 

Black  sandstone  13  feet    Black  slate    20  feet 

Gray  slate   75  feet    Blue  slate  267  feet 

Sandstone    20  feet    Slate  145  feet 

Stone  and  date   10  feet   

Sandstone   30  feet  979  feet 

Measured  Line  980  Measured  Line  930 

Slate    70  feet  Black  shale   19  feet —1208 

Bloe  slate                     48  feet  Oil  on  water,  »ult  water 

Blve  diale   46  feet  Limestone   84  feet 

Casing  set  1004  feet  — 

Blue  shale   95  feet— 1189       Total  depth  1242  feet 

The  above  is  the  reeorrl  of  a  well  drilled  about  14  miles  >outhwcst  of 
Carbon  in  the  center  of  Section  12,  T.  13  N.,  R.  7  W.  Record  secured  by 
Dr.  G.  A.  Malott 

Lewis  Township.  The  Coffee  Rill  Dome  is  located  prind|ially  in  Sections 

8.  0,  Ifi  and  17.  The  data  was  collected  and  the  structure  drawn  on  the 
Block  Coals  by  Mr.  Jesse  Liston  of  Lewis.  A  shallow  well  drilled  on  the 
slructare  by  the  Rescue  Oil  Co.  obtained  some  oil  at  245  feet  A  dec^ier 
well  drilled  to  the  Devonian  limestone  failed  of  production.  The  Trenton 
was  not  tested. 

CLINTON  COUNTY. 

With  the  exception  of  a  small  area  in  the  southwestern  part  of  the  county 
which  is  occupied  by  strata  of  the  Mississippian  age,  tiu'  entire  subsurface 
of  this  county  is  occupied  by  I)evonian  strata.  The  glacial  drift  overlying 
the  bed  rock  varies  in  thickness  from  50  to  300  feet.  This  covering  prevents 
the  determinaldon  of  the  stmetural  conditions  of  the  dnrolith. 

The  following  is  the  record  of  one  well  drilled  at  Frankfort: 

JMH    278  feet 

Niagara  limestone  and  shale   380  feet 

Uraeetone   10  feet 

Hudson  River  and  Utica   400  feet 

Trenton  limestone   260  feet 

Total  depth   1328  feet 

Trenton  below  sea  levd   827  feet 

Yidded  no  gas. 
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Railroad  Elevations. 

Forest,  878.8;  Frankfort,  846.7;  Colfax,  840.7 ;  Moran,  796.7 ;  Michigantown, 
866 J;  JefferMD,  869.8;  1Ivimbi«  867.7;  Sedalia*  776.7;  Avery,  872;  Fickle, 
827JI;  KilmoK,  829.7;  SdideviUe,  929.S;  HiUdnitv,  919.7;  Boylston,  908.0; 
DenisteOy  844.1;  MttlberTy*  772.6. 


CRAWFORD  COUNTY. 

Crawford  County  Iks  within  the  driftleBs  area  of  Indiana.  The  strata 
vrtiidi  outcrop  in  the  cmmty  behmg  to  the  following  diviaiom  and  snbdiviiions: 


PennaylvMUMi. 


/AlleKlicny:  Shules,  satKlstiftii  litiifHlnnes,  coal 
iPottjiville:  Sandstoni-M,  shales  und  coal 


Mj«f;«niprM..n       /Chester:  Shale,  snndstone  and  limestone 

iMitchcll:  Liinestoiic 

The  structural  conditions  for  a  portion  of  the  county  can  probably  be  de- 
termined by  using  limestones  as  the  key  formations.  A  portion  of  Orange 
County  has  aheady  beoi  mapped  structurally  and  since  the  geological  con- 
ditions are  similar,  for  a  part  of  Crawford  County,  it  may  be  that  the  work 
can  be  extended  to  the  latter.  Possible  oil  bearing  sand  may  be  expected  in 
the  Trenton,  Devonian  and  Chester  rocks. 

Taswell  WeU. 

In  1908  the  Highland  Investment  Company  of  Chicago,  drilled  a  well  in 
KCarch  of  gas  or  oil,  near  the  ea-stcm  limits  of  Taswell,  eight  mile.s  cast  of  Birda- 
eye,  on  the  Southern  Railway.  Drilling  continued  to  a  depth  of  l,GiiO  feet,  where 
they  encountered  the  actual  Trenton,  and  drilled  it  lUU  feet,  a  total  depth  of 
1,790  feet,  and  got  neither  gas  nor  oil.  In  the  western  part  of  Crawford 
County  there  are  surface  indications  of  oil  that  have  an  extent  of  five  miles 
in  width  by  ten  miles  in  length.  Oil  in  paying  quantitie.s  was  never  found. 
An  oil  well  and  a  gas  well  were  drilled  in  Section  16,  Patoka  Township,  about 
one  mile  northwest  of  Eekerty. 


DAVIESS  COUNTY. 

The  mantle  of  i^acial  drift  varies  In  thickness  in  this  county  from  a  few 
feet  to  more  than  one  huadred  feet  in  the  valley  of  White  River.  The  strata 

which  underlie  the  drift  belon>t  to  the  Pennsylvanian  period.  Outcrops  of  the 
Pottsville  division  occur  in  the  east  part  of  the  county  and  of  Allegheny  in 
the  western  portion.  Stmetaral  conditiflnB  ttt  Hie  hed  rock  cannot  be  deter- 
mined by  autficial  observation  so  that  subsurface  work  must  be  resorted  to 
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in  order  to  achieve  results.  Oil  has  been  found  in  this  county  south  of  Cannd- 

burK  in  IJai  !  Township  in  the  .s<Hith>  antern  part  of  Section  8.   One  dry  hole 
wns  drilUil  in  tlic  noiih:  odp  Hry  hole  in  Spotion  7;  ono  pas  well  and  one  dr>'' 
.  hole  in  Section      one  oil  well  and   one  gas  well  in  the  northwest  quarter  of 
Section  17,  and  one  oil  well  in  Section  30.   The  productive  wells  range  in 


Fi>_'.  ('\M.  St'  ij.tiiral  niaj>  of  nn  area  new  Wwdxinston.  DiKvleM  Omilltjr.  Contours  <trnwn 
on  Vll.    Uatu  sc'c'urrU  by  C.  A.  Malatt  Mid  P.  B.  Stockdala  of  the  Md  party  ot  1919. 

depth  from  nso  r<  et  to  726  feet  The  oil  sand  probably  occurs  in  the  Mans- 
field and  the  Clic^lrr. 

U  (i  Toii  iu^iiiiJ.    In  Section  22  of  this  Township,  on  the  land  of 

Stanton  iJaibei,  a  well  was  drilled  and  plugged  in  1912. 

Afodtson  Townakip.  A  well  was  drilled  on  the  land  of  the  Graham  Glass 
Company  in  Section  34.  The  well  vms  plugged  in  ldl2. 

Re  rr  Tn,r'-<-}>!n.  A  well  was  drilled  on  the  property  of  D.  A.  Brown  in 
Section  in  and  pluu-'^cil  in  l'.)10. 

Barr  Totciixhip.  The  following  wells  have  been  plugged  in  this  township: 
Section  2,  Ralph  Thompson,  1911.  Section  86,  Ed  Grundy,  1911,  and  Charles 
M.  Allan  in  1918. 
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Harrison  Towmhip.  A  well  drilled  in  Section  32  on  the  James  Pettigrew 
property  was  plugged  in  1911  and  one  in  the  same  section*  on  fhe  property  of 
P.  M.  Remsel  in  1912. 

The  majority  of  the  wells  drilled  in  this  county  were  drilled  from  1910  to 
1912. 

DEARHOHN  COUNTY. 

The  bedrock  formations  of  this  county  belong  to  the  Ordovician  period 
of  geologic  time.   They  are  for  the  moot  part  covered  with  glacial  drift. 

It  may  be  posrible  to  determine  the  Btmetoral  conditions  of  titis  eoonty 

if  enough  outci-ops  aiul  well  rrrords  ran  br  secured.  It  lies  on  the  west  side 
of  the  Cincinnati  Arch  and  the  surface  of  the  Trenton  may  be  low  enough 
in  the  southwest  part  of  the  county  to  be  favorable  torritory.  The  mrfaee 
of  the  Trenton  ia  158  feet  above  lea  level  at  Lawrencebarg,  where  gaa  was 
obtained  and  dips  westward  where  at  North  Vernon  it  Is  260  feet  below  sea  ' 
level. 

Lawrenceburg  Totvnahip.   The  log  of  a  well  drilled  at  Lawrenceburg  in 


the  river  vall^  Is  as  follows: 

Alluvium    189  feet 

Hudson  River  Umestana  and  shale   186  feet 

Utica  shale  ......  j   25  feet 

Trenton  limestone   451  feet 

Potsdam  sandstone   40  feet 


Total  depth    840  feet 

Trenton  above  sea  level   158  feet 

The  second  wdl  was  drilled  in  the  fairinKninds  and  readied  fhe  Trenton 

nt  325  feet  and  showed  gas. 

Center  Toumahip.  A  well  drilled  at  Aurora  has  the  following  log: 

Drift    92  feet 

Bluish  green  shale   148  feet 

Dark  shale^  Utica   26  fert 

Limestone,  Utica,  ga.s   2  feet 

Shales  and  limestone,  Utica   18  feet 

Shale,  Utica   25  feet 

Trenton  limestone  681  feet 

St  Peter  about  170  feet 

Total  depth  1000  feet 

Altitude  of  well   472  feet 


DECATUR  COUNTY. 

The  bed  rock  formation.s  of  this  county  are  of  Silurian  and  Devonian 
age  and  are  largely  concealed  by  glacial  drift  which  varies  in  thickness  from 
10  to  100  feet 
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Wtuhinfftm  Towngkip.  The  record  of  the  Greensburfc  city  well  as  given 
by  Phiiuiey  is  as  U>Oionn: 

City  Well  No.  1    No.  2    No.  3 

Drift                                         10  7 

Comifenras  limestone                   4  90 

Niagraru  limestone  06  90 

Niagara  shale  35 

Htidion  River  and  Utica  shale. . .  .747  823      886  883 

Traiton    63 


Total  862       983       886  883 

Altitnde  of  well  930      920      925  925 


The  followiiiK  wells  have  been  abandoned: 

Owner  Section  l>ato  Wells 

Township  School    2  I'Jll 

Aaron  Logan   8  1919 

Wm.  Jackson    4  1010 

City  of  Greensburg   5  1911 

S.  Logan   10  1919 

Adams  Tomuthip.  A  well  drilled  on  the  Chas.  White  Property  was 
abandoned  in  1911. 

The  surface  of  the  Trenton  around  Greunsburg  varies  from  sea  level  to 
68  feet  above  sea  level.  The  gas  obtained  in  the  wells  at  Greensburg  had  a 
maximani  pressure  of  850  pounds.  In  the  northwestern  portions  of  the 
County  in  Adams  Township,  at  Adams  and  St  Omer,  light  flows  of  gas 
were  obtained. 


DEKALB  COUNTY. 

The  subsurface  of  this  county  is  occupied  by  strata  of  the  Devonian  age 
which  in  the  region  of  Auburn  seems  to  have  been  slightly  uplifted.  The 
.•surface  of  the  rroderl  Devonian  rocks  are  covered  with  vrlacial  drift  whidl 
attains  a  thickness  of  more  than  300  feet.  Deep  wells  have  been  drilled  at 
Attbam,  Butler,  Garrett  and  Waterloo.  The  structural  conditions  of  the 
durolith  are  detenninable  only  by  the  use  of  subsurface  data. 

The  record  of  one  of  Auburn  wdls  follows: 

Section  of  Well  No.  1. 


Drift    280  feet 

Black  shale    120  feet 

Comiferous,  water  lime  and  Niagara   963  feet 

Hudson  River  limestone  and  shale   306  feet 

Utira  shale    268  feet 

Trenton  limestone    27  feet 

Total  depth  1964  feet 


The  following  is  the  log  of  the  Butler  well: 
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Section  of  Well  No.  1. 

Drift    878  feet 

Hamilton  shale   108  feet 

Comiferous,  water  lime  and  Niagara  1084  feet 

Hudflon  Rtver  and  Uttea   600  feet 

Trenton  limestone     89  feet 

Totid  depth   2139  feet 

Yielded  a  fmall  flow  of  gas,  vUdi  was  found  at  a  dqitii  of  27  feet  in 
the  Trenton. 

Tiie  reeord  of  the  wd!  at  Garrett  is  given  bdow: 

Section  of  WeU  No.  1. 

Depth  to  Trenton  1080  feet 

Total  depth  2160  feet 

Trenton  below  sea  level  1098  feet 

Yielded  a  small  flow  of  gas. 

DELAWARE  COUNTY. 

The  Niagara  limestone  occupies  the  subsurface  of  this  county  and  is 
covered  with  a  mantle  of  glacial  drift  varying  in  thidmess  l^om  50  to  150 
feet.  A  large  number  of  wells  have  been  drilled  in  this  county  and  nearly 
1,500  have  been  abandoned.    From  1906  to  1914,  422  wells  were  completed, 

103  of  which  were  dry. 

Centre  Tounnliip.  Many  productive  gixs  wells  have  been  drilled  at  and 
near  Huneie.  The  combined  records  of  wdls  No.  1  and  No.  2  are  given  by 
Phinney  as  follows: 

("pdarvillc  limestone    90  feet 

Kluif^h  limestone  (Springlield  beds)   135  feet 

Niagara  shale   40  feet 

Hud.son  River  limestone  and  shale   100  feet 

Uudiion  Uiver  shale.   340  feet 

Utica  shale    ^70  feet 

Trenton  limestone   481  feet 

St.  Peter's  sandstone  \   150  feet 

Total  depth  l006  feet 

The  records  of  other  weDs  are  given  in  the  table  bdoW: 

Depth  to   Altitude  of 

Well 

Nut  Gas  Co.,  No.  1  , 


Altitude 

Trenton 

Trenton 

,  93C 

876 

60 

.  983 

889 

44 

,  'j-^r> 

887 

68 

.  949 

884 

.  66 

,  946 

894 

62 

,  930 

872 

68 
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Depth  to  Altitude  of 

Well  Trenton  Trenton 

Fay   988            887  51 

Winton   986           892  44 

Water  Works   938           891  47 

Anthony   956           891  65 

Boycetown  No.  1   944           886  68 


r'iy.  CXJUI.    Map  of  DdawMre  CcMnty  ahowins  location  o(  abandoned  well*.    The  eastern 
time  of  tBKiuUin  u«  oil  bearfaw.  the  nmalnder  of  fhe  eountjr  to  sua  territofr* 


Two  wdlB  were  drilled  on  the  J.  C.  Quick  faim  in  Section  14,  one  yielded 
26  buTd  of  oil.  The  reeorde  are  as  follows: 

No.1  No.2 

l>rive  pipe   104  108 

Casing    348  360 

Top  of  Trenton   896  890 

Total  depth  1212  1210 

In  Section  86  a  mfflioa-foot  gas  wdl  has  the  foUowine  reeord: 
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Drive  pipe   47  feet 

Casing    360  feet 

Top  oi  Trenton   920  feet 

Total  depth   1015  feet 

Abandoned  wells  are  located  in  the  followiriRr  sections:   Section  2,  1  well; 
Section  4,  1  well;  Section  8,  1  well;  Section  11,  1  well;  Section  18,  1  well; 
.Section  28,  1  well;  Section  88, 1  well;  Section  34,  1  weU. 

Delawan  Twnuh^t.  A  gas  wdl  at  Albany  fninialMd  the  foUowine  record: 

Drift    8  feet 

Limestone    200  feet 

Shale  (NiaKura)   ;   68  feet 

Hudson  River  and  Utiea  shale   (>r>8  feet 

Black  shaly  limestone   30  feet 

Trenton  limestone   14  feet 

Total  depth    978  feet 

Altitude  of  well   940  feet 

The  table  below  gives  the  records  of  various  wella  drilled  in  this  township: 


Sec.  16 

Sec  18 

See.  16 

See.10 

.  80 

70 

70 

28 

40 

27 

.  880 

870 

870 

294 

870 

310 

Top  of  Trenton. 

.  940 

9G0 

965 

921 

920 

921 

.1280 

1290 

1297 

1227 

1195 

1232 

Wells  abandoned  are  located  in  Section  3,  1  well;  Section  T),  fi  wells;  Sec- 
tion 7,  2  wells;  Section  8,  7  wells;  Section  9,  1  well;  Section  10,  2  wells; 
Seetion  11,  8  wells;  Section  12,  2  wells;  Section  15,  19  wells;  Section  18,  1 
well;  Section  17,  2  wells:  Section  18,  1  well;  Section  19,  2  wells;  Section  22, 
4  wells;  Section  23,  4  wells;  Section  25,  13  wells;  Section  27,  7  wells;  Sec- 
tion 28,  2  wdls;  Section  89,  7  wells;  Section  80,  1  well;  Section  86,  5  wdls. 

Liberty  Township.  The  record  of  a  well  drilled  in  this  township  is  as 
follows: 

Drift    90  feet 

White  and  buff  limestone   85  feet 

Soft  and  Fermginoiis   16  feet 

Bluish  limestone   75  feet 

Niagara  shale   40  feet 

Hudson  River   486  feet 

Utica  shale    210  feet 

Trenton  limestone   25  feet 

Total  depth   1026  feet 

Altitude  of  well  1015  feet 

As  late  as  1903,  81  wells  were  drilled  in  this  township.  Fifty-three  pro- 
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clucod  oil  and  the  avcrafrc  initial  production  was  21  bartds.  The  reeords  of 
three  wells  as  given  by  Blatchley  are  a.s  follows: 

Section  12  Section  14 


Drive  Pipe                        85  feet  104  97 

Casiiur  8<H)  feet  860  864 

Top  of  Trenton              976  feet  964  988 

Total  depth   lOSO  feet  1040  1086 


Wells  abandoned  are  located  as  follows:  Section  1,  3  wells;  Section  2, 
8  wdls;  Section  8,  16  wells;  Section  10,  7  wells;  Section  18,  12  wells;  See- 
tion  14,  1  well;  Section  15,  4  wells;  Section  17,  2  wells;  Section  22,  1  well; 
Section  24,  26  wells;  Section  25,  5  wells;  Section  26,  16  wells;  Section  34,  4 
wdls;  Section  85,  2  wells;  Section  86,  22  wtSbt. 

Union  Township.   A  wdl  drilled  in  Eaton  in  1876  produced  some  gaa 

from  Hudson  Kiver  shale.  In  September.  188(5,  the  first  gns  well  of  importance 
in  Indiana  was  drilled  at  this  place.    The  record  of  the  well  follows: 


Buff  limestone   5  feet 

Bluish  limestone    20  feet 

Buff  limestone   30  feet 

Bluish  pray  limestmo..   45  feet 

White  limestone   35  feet 

Shale,  bluish  green   86  feet 

Buff  limestone  (Clinton)   10  feet 

Shale,  Hudson  River  and  Utica   690  feet 

Trenton  limestone   82  feet 

Total  depth    922  feet 

The  Trenton  was  reached  at  Shidrler  at  884  feet.  Successful  gas  wells 
were  <lrii!fd  at  Cowan,  Oakville,  Vorktown,  Koyertown  and  New  Corner. 

Jas.  Dill  Farm,  Section  26,  Township  21  North,  Range  11  Kast. 

Top  soil   67  feet 

Line    200  feet 

Shales    G81  feet 

Top  of  sand   948  feet 

Into  Trenton    325  feet 

Salt  water  stmek  in  Traiton   820  feet 


Jeffenmt  Toumthip.  An  abandoned  wdl  is  located  in  Section  21. 

Harrinn  Towfuhip.  Abandoned  wells  are  located  as  follows:  Section  1, 
3  wells;  Section  2,  2  wells;  Section  .">,  2  wells;  Section  7,  2  wells;  Section  12, 
8  wells;  Section  16,  2  wells;  Section  21,  1  well;  Section  23,  1  well;  Section 
24, 1  well;  Section  26,  1  well;  Section  27,  2  wells;  Section  86, 1  well. 

Hamilton  Township.  Wells  were  drilled  in  the  following:  sections:  Section 
6,2  wells;  Section  7,  2  wells;  Section  10,  1  well;  Section  11,  4  wells;  Section 
12,  6  wells;  Section  13,  4  wells;  Section  16,  2  wells;  Section  17,  3  wells;  Sec- 
titm  20,  9  wdls;  Section  21,  2  wdls;  Section  28,  2  wdls;  Section  24,  1  wdl; 
Section  26,  9  wdls;  Section  28, 1  wdl;  Seetimi  80, 1  wdL 
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Wii-^lnnfffnv  Township.  Wells  Were  drilled  and  abandoned  as  follows:  Sec- 
tion 5,  1  well;  Section  10,  2  wells;  Section  11,  2  wells;  Section  12,  1  well; 
Seetiaa  18,  4  wdls;  Section  14, 1  wdl;  Section  16, 1  well;  Section  22,  2  wells; 
Section  23,  1  well;  Section  24,  4  wells;  Section  25,  8  wells;  Sections  27,  1  well; 
Section  31,  1  well;  Section  32,  1  well;  Section  315,  4  wells;  Section  'Mi,  M  wells. 

Nilea  Tounuiiiip.  Wells  abandoned  are  as  follows.  One  each  in  Sections 
Ih  12,  aO,  2S,  IS,  29,  £T,  84,  86  and  86;  Section  9,  2  wdb;  Seetim  81,  8 

wells;  Section  22,  5  wells;  Section  24,  5  wells;  Section  28, 18  waOs;  Section  16, 
2  wells;  Section  16,  4  wells,  and  Section  29,  4  wells. 

Union  Township.  Wells  abandoned  are  located  as  follows:  One  each  in 
Sections  9,  10,  11,  12,  18,  25,  27  and  35;  2  in  Section  20;  4  in  Section  22;  2  in 
Section  26;  3  in  Section  28;  2  in  Section  2!),  and  4  in  Section  "4. 

Perry  Township.  Abandoned  wells  are  located  one  each  in  Sections  2,  4, 
7,  9,  and  8  in  Section  6;  2  in  Section  8,  and  11  in  Section  84. 

Wells  drilled  by  Wallace  Oil  Company,  Section  22,  Ddaware  Township. 
Farm  of  Marcellius  Hitchcock. 


WeU  No.  1 

8  inch  drive  pipe   30  feet 

6)4  inch  casing   326  feet 

Top  Trenton   »   935  feet 

Oil  (light  showing)  1206  feet 

Total  depth   1209  feet 

Shot  Maidi  26, 1919.  Well  pmnpine. 

Well  No.  2. 

8  Indl  drive  pipe   18  feet 

6Vi  inch  casinfr   306  f«et 

Top  Trenton    9M  feet 

Crevice  showing  light  gas  1184  feet 

Total  depth   1187  foot 

Wdl  No.  8. 

10  inch  drive  pipe   28  feet 

8  inch  drive  pipe.....   140  feet 

6%  inch  casing   880  feet 

Top  Trenton    940  feet 

011    1215  feet 

Total  depth    1216  feet 

Light  oiL    Well  pumping  light. 

WeU  No.  4. 

10  inch  drive  pipe   46  feet 

8  inch  drive  pipe   96  feet 

6%  inch  casing   3.30  feet 

Top  Trenton    946  feet 

011  (first)   1220-82  feet 

Total  depth   1282  feet 

Ugfat  oil 
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Well  No.  6. 

10  ineh  drivo  pipe   57  feet 

8  inch  drive  pipe   89  feet 

6%  inch  casing   815  feet 

Top  Trenton    945  feet 

Total  depth   1208  feet 

Light  oil. 

Well  No.  1.  Farm  of  Willis  WorkweU. 

8%  inch  drive  pipe   87  feet 

6)4  inch  casing  •  332  feet 

Top  of  Trenton   986  feet 

011   1210  feet 

Total  depth   1213^  feet 

Light  oil. 

WeU  No.  2. 

10  inch  drive  pipe   20  feet 

8  inch  drive  pipe   100  feet 

6 %  inch  casing.   332  feet 

Total  depth   1206  feet 

First  pay   1200  feet 

Light  showing.    Well  pumping. 

Farm  of  Ebner  Ritchie.  Well  No.  1. 

10  inch  drive  pipe   39  feet 

8  inch  drive  pipe   96  feet 

6%  inch  casing   296  feet 

Top  Ttcnton    927  feet 

Total  depth  1206  feet 

First  oil   1198  feet 

Best  oU  1208  feet 

Well  No.  2. 

8  inch  drive  pipe   76  feet 

(>\   inch  casfalg   309  feet 

Top  Trenton    927  feet 

Total  depth,  1207— oil  1200  feet 

Monarch  Gas  Company,  WinehcstMr,  Indiana.   Wdl  No.  1. 

S.  W.  corner  of  E,  H  of  S.  W.  %  of  See.  Delaware  Township  21,  Range 
125  feet  drive  pipe. 

Drive  pipe  125  feet 

Casing   325  feet 

To  sand    900  feet 

In  sand    320  feet 

Depth  of  well  1230  feet 
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Wdl  No.  2. 

600  feet  W.  and  6Q0  feet  N.  of  S.  E.  corner  of  W.  %  of  S.  W.  !4  of  See. 
Delaware  Township  21,  Range  11. 

Drive  pipe   69  feet,  1  inch 

Casing   335  feet 

To  sand  916  feet 

Depth  of  weU  1210  feet 
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Well  No.  3. 

650  feet  west  and  1,000  feet  N.  of  S.  £.  cornei-  of  W.  Vs  of  S.  W. 
)4  of  Ste.  Delaware  Township  21,  Range  11. 


Drive  pipa   79  feet 

Caains   340  feet 

To  sand    915  feet 

In  land   288  feet 

Depth  of  weU  1202  feet 


DUBOIS  COUNTY. 

Only  the  northwestern  part  of  this  county  lies  within  the  glaciated  area. 

The  larger  part  of  its  surface  is  occupied  by  the  outcrops  of  the  strata  of  the 
Coal  Measures.  The  divisions  and  the  sulxlivisions  represented  by  outcrops 
in  the  county  are  g:iven  below: 

Quaternary. ...   1  liecent— Alluvium. 

i  Pleistocene— Clays,  sands  and  travels. 

Pennsylvanian. .  I  Altogheny— Sandstone,  Umestone  ahale,  ooal. 

'\Pottsville — &utd>tone,  shale  and  coaL 

Mississippian. . . .  Chester— Shales,  limestone  and  aandatoaesl 

Structural  conditions  will  be  diflficult  to  determine  in  this  county  because 
of  the  abeence  over  a  large  part  of  the  county  of  persistent  layers  which  may 
be  used  as  key  horizons.  In  limited  areas  it  may  be  possible  to  use  some  of 
the  coal  beds  and  in  limited  areas  in  the  soutbeastcrn  and  the  northeastern 
parts  of  the  county  to  use  some  of  the  limestones  of  the  Chester  as  key 
horizons. 

Birdneye.  A  small  oil  and  gus  field  has  been  developed  about  Birdseye. 
Fourteen  wells  were  drilled  in  Dubois,  Crawford  and  Perry,  oil  was  obtained 
in  ten,  gas  in  one  and  throe  were  nonproduetivn.  The  depth  of  the  oil  bearing 
sand  varied  in  the  various  wells  from  l>80  feet  to  1,010  feet.  The  oil  sand  is 
probably  in  the  Devonian  limestone  and  oceors  about  ten  feet  below  the  top 
of  the  limestone.  A  black  or  brownish  black  shale  forty  feet  thick  overiiea 
the  limestone. 

I'atoka  Tou-nahip.  A  well  drilled  on  the  property  of  J.  E.  Shertz  and 
Company  in  Section  S6  was  plugged  in  1911. 

About  ten  wells  have  been  drilled  in  the  coun^,  five  of  which  were  dxy> 


ELKHART  COUNTY. 

Glacial  drift  covers  the  bed  rock  in  this  county  to  a  depth  of  from  60  to 

200  feet.  The  drift  overlies  the  eroded  surface  of  the  Devonian  and  Missis* 
sippian  strata  which  dip  northward. 

Structural  oMiditions  of  the  durolith  cannot  be  determined  by  direct  ob* 
servation  because  the  outcrop  of  the  durolith  is  concealed  by  the  drift.  Sob* 
surface  work  is  prevented  by  the  absence  of  sutTlcii'nt  well  records. 

The  record  of  a  well  drilled  at  Elkhart  is  as  follows:' 
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Section  of  Well  No.  1. 

Prift    122  feet 

Subcarboniferous  shale  (gray  shale)   213  feet 

HaniUnii  Mack  shale  215  feet 

GomlfsnKU  Unwetom   66  feet 


"At  this  depth  the  well  was  abandoned  under  the  erroneous  belief  that 
the  drill  had  passed  through  the  Hudson  River  and  the  Utica  shales,  and  that 
the  Comiferoos  was  Trenton  limestone.** 

The  reeord  of  a  well  drilled  at  Goriien  is  as  follows: 

Section  of  Well  No.  2. 


Drift    166  feet 

Shale,  sub-carboniferous  and  Devonian   308  feet 

Comiferous  limestone    60  feet 

Water  lime   32  feet 

Niajjara  limestone   728  feet 

Hudson  River  limestone  and  shale   307  feet 

Utica  shale    215  feet 

Trenton  limestone   239  feet 

Total  depth   2054  feet 

Trenton  below  sea  level  1026  feet 

Yidded  no  gas. 


Bnltoad  Elevatkma. 

Elkhart,  768;  Dunlap,  784.6;  Goshen,  797.6;  Millersburv,  879.7;  More- 
house, 761.4;  Bristol,  771.8;  Vistula,  79-1.2;  William.s.  84.5.5;  Burns,  894.6; 
Middlebury,  852.1;  Pleasant  Valley,  749.9;  New  Paris,  809. 

FAYETTE  COUNTY. 

The  Plei.stocenc  depo.sits  in  this  county  ranj^e  in  thickne.ss  from  2r»  feet 
to  more  than  100  feet.  The  strata  underlying  the  pleistocene  belong  to  the 
Silurian  and  Devonian  periods.  The  outcrops  of  these  rocks  beinff  concealed 
by  the  glacial  drift,  the  determination  of  IIk  -tiurtural  conditions  favorable 
to  the  accumulation  of  oil  and  gas  is  difficult.  The  surface  of  the  Trenton 
limestone  for  the  p^ter  part  if  not  all  of  this  eountjr  lies  above  sea  level 
and  lies  700  to  900  feet  below  the  Surface.  At  Connersville  the  following 
well  records  have  been  obtained': 

Section  of  Well  No.  1. 


Drift,  Hudson  River  and  Utica  712  feet 

Trenton  limestone    522  feet 

Potsdam  sandstone   12  feet 

Total  depth   1246  feet 

Trenton  above  sea  level   120  feet 

Yielded  n  snail  flow  of  gas. 
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Seetion  of  Wdl  No.  2. 


Drift   

Hudson  River  and  UtiCA 
Trenton  limestone  .... 


90  feet 

615  feet 
61  feet 


Total  depth   

Trenton  above  sea  level 


766  feet 
117  feet 


Yielded  a  small  flow  of  kq^^. 

Harrison  Toumahip.  A  deep  well  was  drilled  on  the  W.  H.  Wolf  property 
in  Soetion  8  and  abondoned  in  1912. 

FoMy  TowMhip.  A  well  was  drilled  on  the  John  Cop^md  property  in 
Section  3  and  abandoned  in  1911.  Another  well  was  drilled  on  the  property 
of  J.  Lambertson  in  Section  10  and  abandoned  in  1912. 

Gas  was  obtained  in  Connersville,  Jaehson  and  Possgr  Townships. 


Floyd  County  lie.s  in  the  un^laciated  ai-ea  of  Indiana.  The  strata  which 
outcrop  in  the  county  belong  to  the  Devonian,  Mississippian  and  Quaternary 
periods.    The  subdivisions  present  are  represented  in  the  following  table; 


By  usinp  the  contact  of  the  Knobstonc  and  the  Harrodsburf?  it  may  be 
possible  to  deteiTnine  the  structural  conditions  of  a  part  of  this  county.  The 
contact  of  the  New  Albany  and  the  Rockford  might  also  he  used  as  a  key 
horizon. 

The  following  is  the  record  of  u  well  drilled  at  New  Albany: 


FLOYD  COUNTY. 


[Mitchell  limestone. 

[Salem  limcstoni'. 


Section  of  Well  No.  1'. 


Clay  and  .subcarboniferous  shale 

Devonian  shale   

Comiferotts  limestone   

Niagara  limestone   

Hudson  Biver  and  Utica  

Trenton  limestone   


80  feet 
104  feet 

69  feet 
209  feet 
545  feet 
500  feet 


Total  depth  . 
Yielded  no  gas  or  oil. 


1507  feet 


Railroad  Elevations. 


New  Albany,  498.8;  Smith,  565;  Floyd,  445.8;  Georgetown,  710. 
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FOUNTAIK  COUNTY. 

Underlying  the  plucial  drift  of  this  county  are  strata  belonging  to  Uie 
Knobstone,  Warsaw,  Salem  and  Chester  (7)  divisions  of  the  Mississippian  and 
to  the  Pottsvilte  and  the  Allegheny  divisions  of  the  Pennsylvanian  periods. 
The  glacial  drift  which  largely  conceals  these  formations  varies  in  thickness 
from  a  few  feet  to  more  than  one  hundred  feet.  Whether  or  not  structural 
conditions  favorable  to  the  accumulation  of  oil  and  gas  exist  in  this  county, 
ean  be  detennined  only  from  subsurface  data.  Surfldal  methods  cannot  be 
Med  because  of  the  glacial  covering  which  corceals  the  outcrops.  From  reliable 
data  collected  in  the  form  of  well,  shaft  and  outcrop  records,  it  may  be  possible 
to  detemfaie  the  stnietnral  eomditiona. 

Von  Burtn  Towtinhip.  Near  Veedersburg  three  wells  were  drilled  to 
depths  of  1,000  feet.  In  one  of  them,  gas  occurred  at  610  feet.  These  wells 
probably  finished  in  the  Devonian. 

Two  wells  were  drilled  six  miles  sooth  of  Veedersborg  to  depths  of 
900  feet. 

Cain  Township.  A  well  was  drilled  by  the  Fountain  County  Oil  and  Gas 
Company,  4%  miles  southwest  of  Hillsboro.  The  log  of  the  well  follows: 

Well  No.  1. 


Drilling  log  of  the  David  Keller  well. 

Tdlow  day  and  gravel   Oto  SO  feet 

Sand,  white    30  to  75  feet 

Shale,  gray   75  to  118  feet 

Sand,  white   118  to  220  feet 

Sand,  lim^,  coarse  220  to  26.5  feet 

Sand,  showing  oil  265  to  273  feet 

Sand,  limey,  coarse..  273  to  2'JO  feet 

Sand,  very  light  Unse.  290  to  805  feet 

Lime,  very  coarse  .305  to  315  feet 

Shale,  gray  315  to  350  feet 

Sand   860 to400  feet 

Slate,  white   400  to  415  feet 

Lime,  hard,  coarse  416  to  430  feet 

Shale,  gray  480  to  546  feet 

Lime,  hard,  coarse  .545  to  550  feet 

Shale,  Kray   650  to  565  feet 

Lime,  blue,  soft  666  to  595  feet 

Lime,  hard  595  to  635  feet 

Shale,  gray   635  to  685  feet 

Clay,  green   685  to  725  feet 

Slate,  white  726  to  786  feet 

Shale,  black   735  to  755  feet 

Shale,  brown   755  to  800  feet 

Slate,  white   800  to  810  feet 

Shale,  brown   810  to  840  feet 

Sand,  hard,  brown  840  to  860  feet 

Sand,  odor  of  oil  860  to  890  feet 

Niagara  lime,  containing  salt  water  890to938  feet 
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Railroad  Klevations. 

Mellott,  Veedertsburg,  604.3;  Cate.s,  G44.7;  Silveiwood,  516;  Attica, 

548;  Rob  Roy,  684;  Aylesworth,  686;  Stone  Bluff,  622. 


FRANKLIN  COUNTY. 

The  subsurface  formations  of  this  county  beloner  to  the  Ordovidan  and  the 

Siluriun  periods.    They  arc  covcre<l  largely  by  a  mantle  of  ^laiial  drift. 

The  divisionti  which  are  probably  repi-e:>ented  in  the  durohth  are  as 
follows: 

I  Louisville  limestone. 
jWaldvon  diak. 

Silurian  <  Laurel  limestone. 

'O.sgood  limestone  and  shale. 
^Brassfidd. 

fRichnMmd  shales  and  limestones. 

Maysvillc  shales,  limestones  and  sandstones. 

Ordovician  ^Eden  .shales,  limestones  and  sandstones. 

[Trenton  limestones. 
^St.  Peter  sandstone. 

BrookvUle  TownMp.  Seven  wdls  were  drilled  in  the  vidnity  of  Brook- 
ville.  The  loff  of  a  weU  drilled  in  White  Water  River  Valley  is  as  follows: 


Drift    157  feet 

Shale   243  feet 

Trenton  and  St.  Peter   854  feet 


Total  depth   1254  feet 

Altitude  of  well   575  feet 

Salt  water  at   800  feet 


WeU  No.  2,  located  in  town,  reaehed  the  Trenton  at  650  feet  at  an  alti- 
tude of  700  feet.  The  surface  of  the  Trenton  i.s  150  feet  above  sea  level.  A 
snuill  supply  of  gas  was  obtained  in  this  township  and  in  Laurel  Township. 

Railroad  Elevation.s. 
Peoria,  999;  Raymond,  1,008;  Bath,  1.012. 

U  LTON  COUNTY. 

Strata  belonging  to  the  Silurian  and  Devonian  periods  lie  beneath  tiie 
glacial  drift  in  this  county.  The  drift  attains  a  thickness  of  more  than  300  feet. 

The  concealment  of  the  strata  of  the  duiolidi  by  the  drift  makes  it  im- 
po.«.sible  to  determine  the  .structural  condition.s  by  .surficial  methods.  The 
accumulation  of  the  logs  of  deep  wells  will  greatly  aid  in  such  determination. 
The  county  lies  on  the  north  slope  of  the  Cincinnati  Arch,  and  the  Trenton 
surface  which  lie.>  neaict  ^ea  level  near  the  southern  boundary  of  the 
county  is  351  feet  below  sea  level  at  Rochester. 

The  section  of  a  wdl  drilled  at  Rochester  is  given  bdow*: 
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Section  of  Well  No.  1. 


Drift   

Niagara  limestone   

Hudson  River  and  Utica 
Trenton  limestone  


245  feet 
525  feet 
391  feet 
24  feet 


Total  depth   

Trenton  below  txa  level 
Yielded  no  gaa. 


1185  feet 
361  feet 


Record  of  trail  drilled  at  Kewanna:' 


Section  of  WeU  No.  1. 


Drift   

Limestone  and  shale 
Trenton  limestone  . . 


170  itet 
879  feet 
29  feet 


Total  depth   

Trenton  below  sea  level 
Did  not  yidd  gas  or  <rfL 


1U78  feet 
278  feet 


GIBSON  COUNTY. 


The  strata  unrlorlyinj;  the  placial  drift  in  Gibson  County  are  the  coal 
measures  of  the  Pennsylvanian  period.  The  mantle  of  drift  has  been  removed 
in  places  so  that  the  outcrops  of  the  bed  rock  occur  in  the  northern  and 
(•'■ntral  parts  of  the  county.  The  exticmo  -outhern  part  of  the  county  was 
not  glaciated.  The  structural  conditions  of  the  bed  rock  can  not  be  deter- 
mined from  a  study  of  surfieial  conditions.  However,  the  use  of  the  snb- 
•arface  data  combined  with  such  surfieial  data  as  may  be  obtaUied  from  out- 
crops, may  make  it  possible  to  locate  structures  favorable  to  the  accumulation 
of  oil  and  gas.  Several  small  oil  pools  have  been  located  in  this  county*  but 
largely,  if  not  wholly,  by  using  ^e  drill.  The  position  of  these  pools  is  given 
in  the  accompanyinfr  map.  Thnc  are  probably  three  sands  in  this  county 
from  which  oil  has  been  obtained.  These  sands  probably  all  belong  to  the 
Pennsylvanian  group  of  rocks  or  possibly  the  lower  to  the  Chester. 

Wli!'>  J'Irer  Toirnahip.  Einht  miles  northwest  of  Princeton,  sras  was 
obtained  at  1..300  feet.  At  Hazleton  three  wells  were  drilled  to  ZfiOO  leet.  Oil 
was  obtained  and  this  is  known  as  the  Hazleton  pool. 

Patoha  fovnuhip.  Wells  in  Sections  2,  9,  10  and  32,  oil  was  obtained  fai 

two  at  871  feet  in  the  Princeton  sand. 

Center  Toirnshii,.  S.  E.  '4  of  the  S.  \V  '4  of  .Section  ."ifi,  bo»-e  drilled 
came  in  dry.  (Rept.,  1908.)  Oil  is  reported  in  a  well  drilled  near  Francisco 
to  a  depth  of  1,690  feet. 

One  well  in  Oakland  City'  field.  .S.  W.  'i  of  the  N.  W.  H  of  Section  U, 
was  reported  to  have  reached  a  sand  lower  than  the  Oakland  City  sand  and 
to  yidd  an  oil  of  good  gravity  and  of  strong  sulphur  smell.  The  Oakland 
City  sand  in  this  Well  wa  fn-md  at  1.228  feet  anrl  was  eight  feet  thick. 
The  two  leases  yidded  an  output  of  150  barrels.    The  stray  sand  was  found 
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at  a  lower  depth  ut  1,284  feet  und  was>  repuited  to  be  18  feet  thick,  yielding 
the  inilphttr  oU. 

The  No.  1  well  on  the  MontRomery  lease,  completed  in  1907,  drilled  to  a 
depth  of  1,000  feet,  snnd  struck  at  845  feet,  87  fw't  of  drive  pipe  used  ;  di-y  well. 
No.  17,  drilled  to  a  total  depth  of  862  feet,  sand  at  820  feet,  drive  pipe,  eighty 
feet  ten  inches;  six^-flve  band  well,  eomidetcd  Mardi,  1907.  Now  18,  emn- 
pletcd  April,  1907,  total  depth,  865  feet;  sand  at  820  feet;  00  feet  of  drive 
pipe;  !)2  barrel  well. 

Well  drilled  on  the  Skinner  farm,  near  Oakland  City,  total  depth,  1,300 
fert;  encountered  salt  water,  dry  weU. 

H.  A.  Mauck  lease,  S.  W.  %  of  Section  19;  drive  pipe  (10  inch),  95  feet; 
casing  (8  inch),  i:!0  feet;  casing  (6>4  inch),  785  feet;  top  of  .«and,  918  feet. 

Record  of  a  well  drilled  in  Washington  Township.  L.  C.  Frederick  farm. 
No.  4. 
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Washington  Township,  well  of  McNeece,  2  miles  east  of  Hazelton. 


Fonnation 


Dupt! 


Lime  and  slate   600  to  700  feet 

Sand  (dry)   700  to  710  fert 

Slate    710  to  780  feet 

Sand  (4  Bailer  water)  780  to  830  feet 

Slate    880to  860  feet 

Broken  sand  (diy) . .  850to  894  feet 

Slate    894  to  920  feet 

Sand  (  soft )  strong 

flow  water   920  to  975  feet 

Sand  (no  water)          975  to  980  feet 

Slate    980  to  1050  feet 

Sand  (dxy)  1050  to  1080  feet 

Slate   1080  to  1170  feet 

Lime  xoek  I170toll90  feet 

Slate  1190  to  1228  feet 

Slate   1228  to  1248  feet 

Lime  rock  1248  to  1295  feet 

Slate   1295  to  1825  feet 

Lime  rock   1325  to  1327  feet 

Slate  and  shell  1327  to  1335  feet 

White  sand  1335  to  1840  feet 

Slate   1340  to  1405  feet 

Lime  rock   1405  to  1420  feet 

Broken  sand  and  Total  depth 

shale  1420  to  1460  feet 


Ftirinaf  ion 
Sand  (strong  flow  of 

water   1450 

Lime  nek  1500 

Slate   1520 

Red  rock  1626 

Lime  rock  1630 

Slate   1535 

Lime  rock  1573 

Slate   1590 

Sand  (dry)   1595 

Red  rock  1605 

Lime  rock  1610 

White  sand   1620 

Lime  rock   1680 

Slate   1690 

Lime  rock   1718 

Sand  (dry)   1722 

Lime  rode  1740 

Oil   sand  (slight 

show)   1800 

Lime  rock  1806 

Lime  rock  1870 


Depth 

to  1600  feet 

to  1520  feet 
to  1525  feet 
to  1680  feet 
to  1535  feet 
to  1573  feet 
to  1590  feet 
to  1595  feet 
to  1605  feet 
to  1610  feet 
to  1620  feet 
to  IfiSO  feet 
to  1690  feet 
to  1718  feet 
to  1722  feet 
to  1740  feet 
to  1800  feet 

to  1806  feet 
to  1870  feet 
to2000  feet 


2000  feet 


Log  of  well  No.  6  on  the  L.  C. 
Gibson  County. 


Furuiatiou  Depth 


80  feet 

60  feet 

.to 

65  feet 

68  feet 

80  feet 

Sand   

to 

125  feet 

.to 

160  feet 

Shale   

.to 

195  feet 

Sand  and  watOT  

.to 

220  feet 

235  feet 

245  feet 

285  feet 

295  feet 

to 

320  feet 

335  feet 

Shale   

to 

355  feet 

Sand   

.to 

365  feet 

870  feet 

fai-m,  Washington  Township, 


Formutiuu 

Depth 

878 

feet 

420 

feet 

425 

feet 

440 

feet 

465 

feet 

 to 

493 

feet 

,  to 

504 

feet 

508 

feet 

Sand   

 to 

r)i5 

feet 

555 

feet 

562 

feet 

Shale   

5<M) 

feet 

620 

feet 

686 

feet 

 to 

675 

feet 

to 

685 

feet 

Slate   

 to 

700 

feet 

710 

feet 
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Log  of  Well  No.  ^-Continued 


Fotnwtion  Depth 

Sand   to    725  feot 

Slate   to    730  feet 

Sand   to    750  feet 

Sandy  shale  to  800  feet 

Lime  to    810  feet 

Shale   to    825  feet 

SUte   to  875  feet 

Shale   to    900  feot 

Sand   to   920  feet 

Shale   to  950  feet 

Water  sand  to    !if.r.  feet 

Shale   to  1005  feet 

Slate   to  1025  feet 

Broken  sand  to  1065  feet 

Sand   to  1165  feet 

Shale   to  1185  feet 

Lime  to  1195  feet 

Slate   to  1220  feet 

Lime  to  1225  feet 

Slate   to  1235  feet 

Lime  eheU  to  1240  feet 


Formation  Depth 

Slate   to  1245  feet 

Shale   to  1260  feet 

Lime  to  1270  feet 

Broken  sand  (Hoover) .  .to  1280  feet 

Hoover  sand  to  1305  feet 

Shale   to  1310  feet 

Broken  sand  (Gas  sand)  .to  1320  f«et 

Sand,  gras  at  1328  to  1355  feet 

Brake  to  1358  feet 

Lime  to  1380  feet 

Green  shale  to  1405  feet 

Lime  to  1415  feet 

Shale   to  1430  feet 

Lime  to  1450  feet 

Shale   to  M55  feet 

Lime  to  1455  feet 

Shale   to  1490  feet 

Broken  sand  to  1485  feet 

Lime  to  1490  feet 

Sand  to  1600  feet 


Wdl  No.  8  on  the  John  Zimmeiman  farm,  200  feet  to  east  Inie,  665 
feet  to  sotttii  line.  Section  7,  Washington  Township,  Gibson  County. 


Formation  Depth 

Soil   to  1  foot 

Dark  clay  to  20  feet 

Gravel   to  22  feet 

Dark  slate  to  40  feet 

Dark  lime   to  44  feet 

Dark  slate  to  98  feet 

Gray  sand   to  114  feet 

Dark  slate  to  157  feet 

Coal   to  161  feet 

Dark  slate  to  179  feet 

Gray  lime   to  185  foot 

Dark  slate  to  186  feet 

Gray  lime  to  191  feet 

Dark  slate  to  19  i  feet 

Gray  lime                   .to  200  feet 

Gray  sand  to  209  feet 

Black  slate  to  240  feet 

Li^ht  slate  to  245  feet 

Dark  slate  to  300  feet 

Light  sand   to  320  feet 

Gray  sand,  water  to  3fi5  feet 

Gray  lime  to  369  feet 


Fomwtion  Dq»th 

Coal   to  372  feet 

Gray  sand  to  386  feet 

Dark  slate  to  421  feet 

Gray  sand  to  431  feet 

Dark  slate  to  480  feet 

Brown  slate   to  490  feet 

Dark  slate  to  625  feet 

Brown  lime  to  535  feet 

Black  »late  to  540  feet 

Gray  lime  to  646  feet 

Gray  sand   to  556  feet 

Light  slate   to  566  feet 

Dark  slate  to  -678  feet 

Gray  lime  to  583  feet 

Light  slate  to  610  feet 

Coal   to  616  feet 

Dark  slate  to  625  feet 

Cray  lime   to  G30  feet 

Black  slate   to  760  feet 

Gray  sand  to  775  feet 

Dark  slate  to  815  feet 

Gray  sand   to  825  feet 
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\W1!  Nn.  '.i — Coiitiniird 


Formation 

Dark  slate  to 

Grmy  nnd  to 

Dark  date  to 

Gnj  sand  to 

Brown  Hne  to 

Black  slate  to 

Gray  lime  to 

Blade  date  to 

Gray  sand   .to 

Dark  slate  to 

Black  slate  to 

Dark  date  to 

Gray  sand  to 

Dark  slate  to 

Gray  sand  to 


Depth  Forinafion  IX-pth 

830  feet    Dark  slate  to  1070  feet 

860  feet    Gray  sand   .to  1280  feet 

865  fcvt     Dark  slate  to  1245  feet 

895  feet    Dark  lime  to  1247  feet 

900  feet    Light  date  to  1254  feet 

908  feet     Gray  sand   to  1258  feet 

912  feet    Dark  slate  to  1265  feet 

926  feet    Gray  sand,  gras  to  1279  feet 

939  feet     Dark  slate  to  1295  feet 

1001  feet    Gray  lime   to  1306  feet 

1004  feet     Dark  slate  to  1317  feet 

1016  feet    Gray  sand,  first  oil  to  1885  feet 

102.'  feet     Dark  slate  to  1337  feet 

loao  feet    Gray  lime  to  1339  feet 

1086  feet    Dark  slate  to  1848  feet 


Well  No.  4  on  the  John  Zimmerman  farm,  200  feet  to  east  line,  200 
feet  to  sooth  line.   Section  7,  Washington  Township,  Gibson  CtaMty. 


Formation 

Soil  ........ 

Yellow  clay  . 
Light  slate  . 
Dark  slate  . . 
Dark  sand  . . 


 to 

 to 

 to 

 to 

 to 

Dark  slate  to 

Dark  lime  to 

Dark  slate  to 

Gray  sand  to 

Light  date  to 

Gray  lime   to 

Dark  slate  to 

Coal   to 

Dark  slate  to 

Gray  lime   to 

Light  slate  to 

Gray  sand  to 

Dark  slate  to 

Gray  sand  to 

Dark  date  to 

Dark  sand  tn 

Dark  slate  to 

Dark  sand  to 

Dark  slate  to 

Light  sand   to 

Black  lime   .to 

Dark  slate  to 

Light  slate  to 


Depth           Formation  Depth 

1  foot  Liffht  sand  to  414  feet 

12  feet  Lijrht  shale  to  462  feet 

54  feet  Dark  slate  to  500  feet 

73  feet  Black  slate  to  606  feet 

83  feet  Gray  lime  to  510  feet 

108  feet  Coal   to  512  feet 

110  feet  Dark  slate  to  626  feet 

113  feet  Dark  lime   to  528  feet 

124  feet  Dark  slate  to  536  feet 

127  feet  Gray  lime  to  540  feet 

133  feet  Coal   to  547  feet 

170  feet  Light  slate   to  572  feet 

174  feet  Light  sand   to  578  feet 

197  feet  Dark  slate  to  605  feet 

208  feet  Lipht  slate   to  635  feet 

225  feet  Dark  slate  to  650  feet 

233  feet  Gray  lime  ....to  655  feet 

294  feet  Lijjht  slate   to  665  feet 

303  feet  Dark  slate  to  776  feet 

811  feet  Gray  lime  to  784  feet 

•Mi  ft  i  t  Lipht  slate   to  797  feet 

325  feet  Gray  sand  to  808  feet 

358  feet  Dark  slate  to  888  feet 

.360  feet  Light  sand  to  8f.2  feet 

385  feet  Brown  lime  to  865  feet 

392  feet  Light  sand   to  872  feet 

.397  feet  Dark  slate  to  874  feet 

405  feet  Dark  sand  to  910  feet 
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Formation 

Gray  lime  to 

Ligrht  slato   to 

Dark  slate  to 

Light  sand   to 

Dark  slate  to 

Lipht  sand   to 

Dark  slutt;  to 

Light  sand   to 

Dark  slate   to 

Gray  sand  .to 

Lii^t  saitd  to 

Dark  slate  to 

Gray  lime   to 

Light  slate   to 

Liglit  sand   to 

Light  slate   to 

Light  sand   .to 

lAght  slate  to 


Well  \o.  4— ContimiL-d 

Depth  Fornmtioii  Deptb 

917  feet    Gray  sand  to  1246  feet 

930  feet     Dark  slate  to  1250  feet 

942  feet    Light  slate   to  1271  feet 

950  feet    Dark  lime  to  1278  feet 

955  feet    Dark  slate  to  1280  feet 

960  feet     Dark  sand  to  1288  feet 

1012  feet    Dark  slate  to  1290  feet 

1020  feet    Light  sand   to  1295  feet 

1026  feet     Liprht  slate   to  1299  feet 

lOSa  feet    Light  sand  to  1303  feet 

1042  feet    Dark  slate  to  1814  feet 

1050  feet     Gray  sand  to  1316  feet 

ior.2  feet     Brown  lime  to  1324  feet 

1112  feet     Dark  slate  to  1336  feet 

1160  feet  Gray  sand,  first  oil  at 

1175  feet        1338   to  1353  feet 

1212  feet    Dark  slate  to  1361  feet 

1217  feet 


Well  No.  1  on  the  faiTn  of  Mary  Shawhan,  200  feet  to  east  line»  700 
feet  to  south  line.    Section  1,  Washington  Township,  Gibson  County. 


Formation  Depth  For 

Yellow  clay  to  42  feet  Dark 

Ught  slate  to  48  feet  Dark 

Gray  lime   .....to  51  feet  Lijrht 

Light  slate  to  60  feet  Dark 

Dark  slate  to  68  feet  Li^ht 

Light  .slate   to  71  feet  Dark 

Light  lime,  water  at  73  ft.to  75  feet  Light 

Light  slate   to  lUU  feet  Dark 

Coal   to  104  feet  Dark 

Light  .-^latc  to  17(1  feet  Light 

Dark  lime  to  180  feet  Dark 

Light  slate   to  228  feet  Light 

Coal   to  225  feet  Dark 

Light  slate   to  230  feet  Light 

Light  sand  to  240  feet  Dark 

Dark  slate  to  264  feet  Gray 

Light  sand   to  269  feet  Dark 

Gray  lime  to  274  feet  Gray 

Light  slate  to  276  feet  Dark 

Gray  lime   to  279  feet  Light 

Dark  slate  to  305  feet  Dark 

Coal   to  309  feet  Gray 

Dark  slate  to  417  feet  Dark 

Dark  lime   to  423  feet  Lipht 

Light  slate   to  500  feet  Dark 


mation 

slate  . . 
slate 

slate  . 
slate  . . 

slate  . 
slate  .. 

slate  . 
lime  . . 
slate  . . 

slate  . 
slate  . . 

slate  . 
slate  . . 

sand  . 
slate  . . 
lime  . . 
slate  . . 
lime  .. 
slate  . . 

lime  .  . 
slate  . . 
lime  . . 
slate 

lime  . . 
slate  . . 


.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
•  to 
.to 
.to 

.to 
.to 


Depth 

520  feet 
646  feet 
555  feet 
588  feet 
602  feet 
615  feet 
630  feet 
632  feet 
660  feet 
662  feet 
750  feet 
770  feet 
775  feet 
780  feet 
787  feet 
790  feet 
835  feet 
839  feet 

901  feet 
940  feet 
948  feet 
980  feet 
1015  feet 
1045  feet 
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Formation 

Gray  sand  to 

Lisht  iand   to 

Dark  slate  to 

Light  sand  to 

Dark  slate  to 

Gray  sand  to 

Dark  slate  to 

Gray  sand   to 

Dark  slate  to 

Light  sand   to 

Dark  slate  to 

Brown  lime  to 

Dark  slat«  to 

Gray  sand  to 

Dark  slate  to 

Gray  lime  (shows  gas) .  .to 

Dark  slate   to 

Gray  sand  (barren)  to 

Dark  slate  to 

Gray  lime   to 

Light  slate   to 

Gray  lime  to 

Darit  date  to 


Well  No.  1— Continued 

Dcpfli  Formation  Depth 

1075  feet    Gray  lime   to  1424  feet 

1108  feet  Gray  sand  (gas  sand) . .  .to  1480  feet 

1114  feet  White  saiKl,  hole  full  of 

1151  feet       water  at  1436  to  1490  feet 

1158  feet    Gray  lime  to  1496  feet 

1195  feet    Dark  slate  to  1504  feet 

1200  feet    Gray  lime   to  1506  feet 

1216  feet    Dark  slate  to  1512  feet 

1218  feet    Dark  lime   to  1529  feet 

1294  feet     Dark  shitc  to  1581  feet 

1300  feet    Light  sand   to  1533  feet 

1901  feet    Ligiit  sand   to  1587  feet 

1338  feet     Gray  lime   to  1539  feet 

1343  feet    Light  sand   to  1550  feet 

1850  feet    Dark  slate  to  1560  feet 

1373  feet    Brown  lime  to  1669  feet 

1384  feet    Dark  slate  to  1572  feet 

1890  feet    Gray  sand   to  1584  feet 

1393  feet     Lik'ht  .>aii'l   to  1589  feet 

1400  feet     Dark  .san<i   to  1594  feet 

1402  feet     Lipht  sand   to  1601  feet 

1410  feet    Light  sand  to  1612  feet 

1423  feet    Dark  slate  to  1617  feet 


Well  No.  1.  fmrm  «f  Geo.  Colvin,  : 
line  Soetion  6,  Washingtan  Township, 


Formation 

Deptit 

35 

feet 

45 

feet 

49 

feet 

80 

feet 

 to 

100 

feet 

 to 

145 

feet 

200 

feet 

 to 

230 

feet 

 to 

235 

feet 

276 

feet 

285 

feet 

292 

feet 

 to 

296 

feet 

 to 

300 

feet 

340 

feet 

850 

feet 

380 

feet 

 to 

382 

feet 

 to 

395 

feet 

64  feet  to  south  line,  287  feet  to  west 
Gibson  County. 


Formation 

Depth 

397 

feet 

400 

feet 

408 

feet 

418 

feet 

 to 

425 

feet 

 to 

475 

feet 

480 

feet 

 to 

530 

feet 

Coal   

 to 

533 

feet 

 to 

585 

feet 

570 

feet 

590 

feet 

 to 

600 

feet 

 to 

690 

feet 

696 

feet 

716 

feet 

721 

feet 

Dark  slate  

 to 

725 

feet 

 to 

735 

feet 

882 


Department  of  Gonsebvation 


Formation  Depth 

Dark  slate  to  770  feet 

Gray  sand  to  780  feet 

Dark  slate  to  79")  feet 

Gray  sand   to  800  feet 

Dark  slate  to  820  feet 

Gray  lime  to  827  feet 

Dark  slate  to  833  feet 

Gray  sand  to  885  feet 

Dark  slate  to  845  feet 

Gray  sand  to  860  feet 

Dark  slate   to  907  feet 

Gray  lime  to  910  feet 


Formation  Depth 

Dark  slate  to   933  feet 

Gray  sand  to    947  feet 

Dark  slate  to    95fi  feet 

Light  sand   to    963  feet 

Dark  slate  to  1010  feet 

Coal   to -1014  feet 

Light  sand   to  1027  feet 

Dark  slate  to  1040  feet 

Gray  sand  to  1050  feet 

Dark  slate  to  1060  feet 

Brown  sand,  oil  to  1062  fsrt 

Light  sand  to  1066  feet 


Well  No.  1  on  the  Phoebe  Hayden  lurni,  200  feet  to  north  line,  200  feet 
to  east  line.  Section  7,  Washington  Township,  Gibaon  County. 

Casing  Record. 

Thirteen  feet  wood  conductor;  1,270  feet  8U  inch  casing;  142  feet  7  indi 
easing  (liner). 

Shot  Record. 

One  hundred  forty  quarts,  l,:i75  feet  to  1,398  feeL 


Foi-mation 

Soil   to 

Yellow  clay  to 

Quick  sand   .....to 

Yellow  clay  to 

Daric  lime  to 

Dark  slate  to 

Light  slate   to 

Dark  lime   to 

Light  slate  to 

Dark  lime  to 

Dark  slate  to 

Light  slate  to 

Gray  lime  to 

Dark  slate  to 

Gray  lime  to 

Dark  slate  to 

Gray  lime  to 

Dark  slate  to 

Gray  lime  to 

Dark  slate  to 

Light  slate   to 

White  lime  to 

Dark  slate  to 


Formation  Record. 

Depth  For-matiwi 

1  foot    Sand  and  lime  to 

20  feet    Gray  time  to 

28  feet     Dark  slate   to 

43  feet    Gray  lime   to 

53  feet    Dark  slate   to 

73  feet    Light  sand   to 

77  feet    Gray  lime  to 

79  feet    White  lime   to 

98  feet    White  slate  to 

101  feet     Lijrht  sand   to 

155  feet    Light  slate  to 

160  feet    Gray  lime  to 

220  fret     Light  slate   to 

232  feet    Dark  slate  to 

243  feet    Coal   to 

248  feet     White  slate   to 

250  feet     White  lime   to 

255  feet     Bi-own  slate  to 

295  feet    Dark  slate  to 

.125  fw't     Giiiy  lime   to 

335  feet    Dark  slate  to 

840  feet    Gray  Ihne  to 

880  feet    Dark  slate  to 


Depth 

400  feet 

409  feet 

419  feet 

423  feet 

428  feet 

486  feet 

455  feet 

465  feet 

470  feet 

474  feet 

475  feet 
479  feet 
481  feet 
560  feet 
554  feet 
505  feet 
573  feet 
580  feet 
600  feet 
609  feet 
621  feet 
626  feet 
629  feet 


uiyiii^uu  Liy  Google 
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Phoebe  Uayticn  Wt-I 

Formation  Depth 

Gray  lime  to  641  feet 

Light  slate  to  648  feet 

Dark  slate  to  660  feet 

White  slate  to  676  feet 

Dark  alat»  to  705  feet 

Gray  lime  to  710  feet 

Dark  slato  to  715  feet 

White  alate  to  722  feet 

Dark  slate  to  770  feet 

Gray  lime   to  774  feet 

Dark  slate  to  824  feet 

Dark  slate  to  830  feet 

Gray  lime  to  834  feet 

Dark  slato  to  840  feet 

Dark  sand  to  845  feet 

Dark  slate  to  849  feet 

Dark  sand  to  860  feet 

Dark  slate*  to  865  feet 

White  lime   to  869  feet 

Brown  sand   to  874  feet 

Brown  slate  to  880  feet 

Gray  lime   ,  to  884  feet 

Dark  slate  to  885  feet 

Gray  lime  to  889  feet 

Dark  slate  to  900  feet 

Gray  sand  to  950  feet 

White  slate  to  951  feet 

First  shows  oil  at  1876  feet 


I  No.  1    ( 'diit iiiued 

Fotimatioo  Depth 

Gray  sand  to  990  feet 

Dark  slate  ,  to  1012  fret 

Gray  lime   to  1020  feet 

Light  sand   to  1030  feet 

Dark  slate  to  1128  feet 

Gray  sand  to  1137  feet 

Dark  slate  to. 1170  feet 

Gray  sand  to  1180  feet 

Dark  slate  to  1190  feet. 

Gray  lime  to  1195  feet 

Gray  sand  to  1218  feet 

Dark  slate   to  1240  feet 

Gray  sand  to  1245  feet 

Brown  lime  to  1252  feet 

Dark  slate  to  1260  feet 

Gray  sand  to  1269  feet 

Dark  slate  to  1270  feet 

Brown  lime  to  1272  feet 

Dark  slate  to  1286  feet 

Dark  lime   to  1289  feet 

Dark  slate  to  1345  feet 

Light  sand   to  1347  feet 

Dark  slate  to  1353  feet 

Gray  lime  to  1860  feet 

Dark  slato  to  1874  feet 

Gray  sand  to  1896  feet 

Dark  slate  to  1402  feet 


to 


Well  No.  2  on  farm  of  Phoebe  Haydcn,  200  feet  to  north  line,  200  feet 
Una.  Washington  Township,  Seetion  7,  Gibson  County. 


Shot  Record. 
One  hnndred  quarte,  1,858  feet  to  1,881  feet 

Formation  Record. 


Furnmtion  Depth 

Soil   to  1  foot 

Yellow  clay  to  23  feet 

Dark  slate  to  37  feet 

Light  slate  to  42  feet 

Gray  lime   •  to  66  feet 

Light  slate  to  73  feet 

Coal   to  75  feet 

Dark  slate  to  91  feet 

Gray  sand  to  94  feet 

Light  slate   to  112  feet 

Dark  alate  to  122  feet 


Formation 

Gray  sand  to 

Light  sand   to 

Light  slate   to 

Coal   to 

Light  slate  to 

Gray  lime   to 

Light  slate  to 

White  sand  to 

Dark  slate  to 

Gray  lime  to 

Dark  slate  to 


Di'pth 
140  feet 


175 
195 


feet 
feet 


201  feet 

222  feet 

230  feet 

240  feet 


261 
295 


feet 
feet 


296  feet 
825  feet 


Oigiiized  by  Google 


884 


Dbpabtment  of  conservation 


Phoebe  lia>  deii  Well 

Formation  Depth 

Liglit  date  to  360  feet 

Dark  sand  to  873  feet 

Dark  slate  to  400  feet 

lAf^t  sand   to  408  feet 

Dark  slate  to  423  feet 

Gray  sand  .  to  445  feet 

Dark  s]at«,  to  46U  feet 

Light  slate  to  483  feet 

Daik  slate  to  685  feet 

Black  slate   to  650  feet 

Dark  slate  to  607  feet 

Coal   to  r>72  feet 

Gray  lime   to  'i?*?  feet 

Dark  ^>lute  to  594  feet 

Gray  lime  to  COS  feet 

Light  slate   to  617  feet 

Dark  slate  to  624  feet 

Gray  line  to  680  feet 

Light  slate   to  fir)8  feet 

Coal   to  6r..3  feet 

Light  slate   to  675  feet 

Daric  slate   to  677  feet 

Gray  lime   to  680  feet 

Dark  slate   to  766  feet 

Light  sand   to  770  feet 

Dark  slate  to  775  feet 

Gray  sand  to  785  feet 

Dark  slate  to  821  feet 

Gray  sand  to  825  feet 

Dark  slate  to  8.S5  feet 

Gray  sand  to  840  feet 

Dark  slate  to  885  feet 

Top  of  aand,  1860  feet.  First  show 


Net.  2  Cnntiiiiied 

Formation  Depth 

Dark  sand  to  916  feet 

Dark  slate  to    963  feet 

Coal   to    965  feet 

Ligrht  sand   to   985  feet 

Dark  slate  to  1027  feet 

Gray  lime  to  1033  feet 

Dark  slate  to  1048  feet 

Black  slate   to  1062  feet 

Dark  slate  to  1067  feet 

Light  sand   to  1100  feet 

■  >ark  state  to  1120  feet 

LiRht  sand   to  1200  feet 

Dark  slate  to  1206  feet 

Gray  sand  to  1223  feet 

Dark  slate  to  1226  ibet 

Dark  lime  to  1229  feet 

Dark  slate  ^  to  1243  feet 

Light  sand   tA  1272  feet 

Light  slate  to  1286  feet 

Gray  lime   to  1289  feet 

Dark  slate  to  1295  feet 

Dark  sand  to  1297  feet 

Dark  slate   to  1303  feet 

Dark  sand  to  1309  feet 

Li^ht  sand   to  1884  fisat 

Dark  slate  to  1339  feet 

Gray  lime  to  1342  feet 

Gray  slate  to  1360 

Gray  sand  to  1362  feet 

Dark  sand  to  1366  feet 

Light  sand   to  1372  feet 

Brown  sand   to  1881  feet 

of  dl,  1861  feet 


Weil  No.  3  on  the  fknn  irf  Phoebe  Hayden,  200  feet  north  to  north  line,  660 
feet  to  west  line.  Washington  Township,  Section  7,  Gibson  County. 

Casing  Record. 

Fourteen  feet  wood  conductor,  1^96  feet  8%  inch  easing,  134  feet  6%  inch 
casing  (liner). 

Shot  Becord. 
One  hundred  twenty  cpiarts,  1,888  to  1,416  feet. 

Formation  liecord. 
Formation  Depth  Fonnation  Depth 

Soil  to      1  foot    Dark  slate  to    66  feet 

Yellow  clay  ........... .to     11  feet     Coal   to     fi7  feet 

Yellow  sand   to     60  feet    Dark  slate  to     71  feet 
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i'hueb<'  Hny<lt  ii  Will  No.  ;{  C'lmtimicii 


Formation  Depth 

Light  lime  to  78  feet 

Light  slate   to  110  feet 

Dark  slate  to  127  feet 

Gray  sand  to  130  feet 

Dark  date  to  150  feet 

Gray  lime  to  205  feet 

White  sand  to  225  feet 

Blue  date  to  250  feet 

Gray  lime   to  ^fiH  foot 

Dark  slate  to  262  feet 

Light  liine  to  300  feet 

Dark  date  to  320  feet 

Coal   to  328  feet 

Dark  slate  to  330  feet 

Light  slate   to  400  feet 

Gray  lime   to  410  feet 

Light  slate  to  420  feet 

Oray  sand  to  440  feet 

Dark  slate  to  449  feet 

Light  sand   to  465  feet 

Dark  Hme  to  408  feet 

Light  sand   to  480  feet 

Light  slate  to  525  feet 

Daric  date  to  660  feet 

Black  date  to  507  feet 

Dark  slate  to  577  feet 

Light  slate   to  590  feet 

Dark  date  to  597  feet 

Gray  sand   to  "iK'.t  ffot 

Dark  slate  to  iiOli  feet 

Dark  Hme  to  607  feet 

Coal  to  612  feet 

Li^t  sand   to  625  feet 

Dark  date  to  685  feet 

Dark  lime   to  650  feet 

Light  slate  to  666  feet 

Brown  lime  to  672  feet 

Light  slate   to  685  feet 

Dark  lime  to  700  feet 

Dark  slate  to  720  feet 

Dark  lime   to  725  feet 

Dark  date  to  775  feet 


Forma  I  ion 

1  kant  k 

i/epin 

loo  zeei 

oov  leec 

o4(>  leec 

oec  #AAf 

ooo  leec 

oou  leei 

01^  lect 

000  leei 

■  %  _  ^ala  -I 

MR  #Aaf 

f  A 

llou  leei 

940  leei 

4n 

OAR  4m^ 

f  A 

Qfi  4  ^nnf 

yo4  icei 

iui«  leet 

^wy^iA— ■  — — —  Jl 

4m 

ivw  xcec 

luoo  leei 

^  ^ 1 

tA 

1 Aon  #AAt 
luvu  xeec 

T  \  «.     1  •-     ^  1     *  n 

1114  leec 

f  A 

1  1  1  Q  -f AAf 

iiisf  lesb 

iioo  leet 

f  A 

iLio  leec 

T  T    ll  1  mtmw^A 

4a 

lloo  zeoK 

*A 

^A 

11 90  leec 

*A 

t1<Vr  #Aaf 

iiiFi  zeev 

^A 

iz/u  icei 

^A 

1  ono  AAf 

1X4 A  leec 

■  »  _— —  ta^MA 

#A 

13S74  xeec 

+  r\ 

10 Qfi  foot 

is  jci  I  eel 

loU^  leei 

 to 

1308  feet 

1317  feet 

1319  feet 

1340  feet 

1850  foot 

136!)  feet 

1383  feet 

1398  feet 

140n  feet 

1408  feet 

1415  feet 

1425  feet 

Gas  at  1S57  feet;  8%  indi  set  at  1298  feet;  first  oil,  1400  feet. 
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Dbpabtment  of  Conservation 


McKolierts  Well  No.  2.  Section  6,  WMhinston  Township,  Gibson  County. 


Location 
Yellow  day  to 

Shelly  slate  to 

Lij^ht  slate   to 

Dark  slate  to 

Light  lime  to 

Light  sand   to 

Light  slate   to 

Light  sand   to 

Broken  lime   to 

Light  slate   to 

White  lime   to 

Lifrht  slate   to 

Dark  slate  to 

Light  slate   to 

Dark  slate  to 

Light  lime  to 

Light  slate   to 

Dark  slate  to 

Light  slate   to 

Dark  slate  to 

Sandy  slate  to 

Dark  slate  to 

Light  slate   to 

Gray  lime  to 

Dark  slate  to 

Light  slate   to 

Light  slate   to 

Water  sand  to 

Dark  slate  to 

Brown  lime  to 

Dark  slate  to 


D^th  Locution  Depth 

25  feet    Sandy  lime  to  lOOS  feet 

f(H>t  Darke  slate,  show  of  oil.  .to  1042  feet 

lU;  feet    Gray  sand   to  1057  feet 

218  feet    Dark  slate  to  1088  feet 

296  feet    White  sand  to  1129  feet 

327  fret     Gray  lime   to  1138  feet 

340  feet    White  slate  to  1152  feet 

8M  feet    Light  water  sand  to  1207  feet 

385  feet    Dark  slate  to  1240  feet 

407  feet    Gray  lime   to  1255  feet 

449  feet    Brown  slate   to  1286  feet 

502  feet'    Brown  lime  to  1291  feet 

53fi  feet     Brown  .«!atc   to  1315  feet 

551  feel    Light  sand   to  1318  feet 

660  feet    Light  slate   to  1826  feet 

568  feet     Lipht  lime  to  1331  feet 

621  feet    Light  slate   to  1337  feet 

6«2  feet    Light  sand   to  1842  feet 

748  feet    Light  lime  to  1:^47  feet 

763  feet     Dark  slate  to  1358  feet 

783  feet     Light  lime  to  1363  feet 

814  feet    Light  sand,  water  to  1868  feet 

833  feet     Light  sand   to  1382  feet 

842  feet    Dark  slate  to  1448  feet 

861  feet    Gray  lime   to  1458  feet 

8S9  feet     Dark  sand  to  1484  feet 

909  feet    Dark  slate  to  1494  feet 

953  feet    Brown  lime  to  1501  feet 

984  feet    Dark  slate  to  1516  feet 

989  feet     White  ^and   to  1522  feet 

998  feet     Brown  sand   to  1'31  feet 


Total  depth  of  well,  1,532  feet, 
on  September  25,  1919. 


Heavy  showing  of  gas.    Well  completed 


Log  of  L.  W.  McDonald  Wdl  No.  6,  located  in  S.  W.  comer  of  the  N.  E. 
14  of  the  N.  W.  U  of  Section  7,  Washington  Township,  Gibson  Coi^nty. 

.   Top  of  sand   1323  feet 

Oil  pay   1324  to  1341  feet 

Shelly  gray  sand  1341  to  1349  feet 

Bottom  of  well   1849  feet  ' 


Finished  December  4,  1919. 
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Well  No.  1,  Ellis  Lucas,  Section  33, 


Location  T)epth 


.  .to 

10 

feet 

.  ,to 

50 

feet 

White  slate  

.  ,to 

75 

feet 

to 

90 

feet 

White  slate  

to 

135 

feet 

.  .to 

145 

feet 

White  slate  

to 

225 

feet 

.to 

235 

feet 

to 

260 

feet 

.  .to 

430 

feet 

.  .to 

435 

feet 

to 

490 

feet 

White  slate  

.  to 

555 

feet 

to 

575 

feet 

Coal   

.  .to 

580 

feet 

.  to 

610 

feet 

■  to 

615 

feet 

Sand   

.  to 

645 

feet 

White  slate  

.  .to 

690 

feet 

White  lime  

..to 

695 

feet 

,  to 

790 

feet 

Sand  

,  .to 

800 

feet 

Coal  

.  to 

806 

feet 

Lime  

.  .to 

811 

feet 

White  slate  

.  .to 

850 

feet 

.  to 

805 

feet 

White  slate  

to 

890 

feet 

.  .to 

910 

feet 

White  slate  

.  to 

920 

feet 

White  lime   

.  to 

950 

feet 

Brown  slate   

.  .to 

990 

feet 

Brown  lime  

to 

1005 

feet 

Dark  slate  

.  to 

1007 

feet 

White  sand   

.  .to 

1095 

feet 

White  slate  

.  .to 

1100 

feet 

.  to 

1110 

foot 

Brown  slate   

.  to 

1120 

feet 

.  ,to 

11. '^0 

feet 

Light  slate   

.  .to 

1140 

feet 

.  .to 

1215 

feet 

.  to 

12.35 

feet 

Dark  lime  

.  .to 

1245 

feet 

.  to 

1255 

feet 

Dark  slate  

,  .to 

1310 

feet 

Broken  sand   

,  to 

1330 

feet 

Well  completed  December  15,  1919. 


Montfcomerj'  Township,  Gibson  County. 


Location 

Depth 

Dark  slate  

 to 

1360 

feet 

Brown  .sand   

 to 

1390 

feet 

Black  slate   

,   ,  to 

1425 

feet 

 to 

1430 

feet 

 to 

1440 

feet 

 to 

ur,o 

feet 

 to 

1490 

feet 

 to 

1500 

feet 

 to 

1510 

feet 

 to 

1520 

feet 

 to 

1540 

feet 

 to 

1565 

feet 

Light  slate   

,   ,  to 

1575 

feet 

.  ,   .  to 

1585 

feet 

 to 

1600 

feet 

to 

1605 

feet 

.  ,  ,  . to 

1610 

feet 

 to 

1615 

feet 

Light  slate   

to 

1625 

feet 

.  to 

1640 

feet 

Black  slute  ....... 

 to 

1660 

feet 

...  .to 

1670 

feet 

 to 

1690 

feet 

Sand   

 to 

1710 

feet 

Black  slate   

 to 

1718 

feet 

Black  lime  

 to 

1721 

feet 

Black  slate   

,  .  ,  , to 

1735 

feet 

Gray  lime   

.   ,  to 

1745 

feet 

Slate  and  lime  .... 

to 

1780 

feet 

Blue  slate   

to 

1805 

feet 

.   .  to 

1815 

feet 

...  to 

1875 

fr 

 to 

1880 

feet 

Dark  slate  

to 

1920 

feet 

 to 

1925 

feet 

...  to 

1940 

feet 

,  ,  to 

1945 

feet 

.  to 

1995 

feet 

to 

2000 

feet 

,  ,  ,  to 

2010 

feet 

,  .  to 

2040 

feet 

...  to 

2070 

feet 

 to 

2075 

feet 

to 

2080 

feet 

Dry  hole;  abandoned. 
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Since  the  publication  of  the  report  on  petroleum  and  natural  gas  in  Indiana 
in  1920  much  additional  material  has  been  olttaiiied  on  tiie  petrotifie  conditions 

of  Gibson  County,  but  preparation  of  other  parts  of  this  volume  has  prevented 
the  working:  of  this  material  into  condition  for  publication.  This  will  be  done 

in  the  near  future. 


fir.  CXXV.  UUP  «f  Onnt  Cmmty  dwwlBc  louAiiin  at  neordad  afeandonaA  mtUa.  Thm  iimtk- 
•Mtmi  pert  of  tUs  cauntr  !•  oil  tcrritony  mni  tlw  MmtbsHtem  pwt  to  cm  tmitaiy. 


GRANT  COUNTY. 

Grant  County  is  covered  with  trliicial  drift  which  varies  in  thickness  from 
100  to  425  feet.  Except  for  exposures  along  the  Mis^issinewa  Kiver  and  Pike 
Creek  the  bed  rock  is  completely  concealed.  The  drift  reats  on  the  Silurian 
surface  which  has  been  i^rcatly  eroded. 

Centre  Towmhip.  The  city  of  Marion  in  this  township  was  one  of  the  first 
to  prospect  for  oil  and  gas.  The  first  well  reached  the  Trenton  at  a  depth  of 
866  feet,  or  60  feet  below  sea  level  and  produced  350,000  cubic  feet  of  gas  daily, 
but  after  being  deepened  produced  two  million  cubic  feet  daily.  The  second 
well  reached  the  Trenton  at  880  feet  or  8.3  feet  below  sea  level.  At  the  top  of 
the  aand  it  produced  850,000  cubic  feet,  86  feet  deeper  it  produced  Unre  million 
cubic  feet  daily. 
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The  following  table  gives  the  records  of  some  of  the  wells  drilled  at 

Beoord  of  Hanoi  Wdb. 

No.  of  Depth  of  Relation  to  Thickness  Production 

Well  Altitude  Trenton  Sea  Level  of  Drift  in  Cu.  Ft. 

1  840              900  60  feet  below  ..  2,000,000 

2  797  880  83  feet  below  5.000,000 
S  820              878  58  feet  below  ..  3,500,000 

4  802  880         78  feet  below         ..  2.500,000 

5  890  1000         70  feet  below  4.000,000 

6  ...  908                                 82  nr^o.noo 

7  701  904    3,000,000 

8  ...    8.000,000 

9  ...  ....                                    ..  1,500,000 

10  ...  ....                                   ..  Oil  and  gas 

11  ...    7.426,000 

12  ...    OUuid850.000 

13  ...    6.6424)00 

Soldiers'  Home 

2  ...  —                               20  Saltwater 

Record  of  Well  No.  6. 

Drift    32  feet 

Limestone   260  feet 

Niagara  sbnie   40  fe^ 

Hudson  River    886  feet 

Utica  shale   260  feet 

Total  depth    iN)8  feet 


Wells  abandoned  in  1911  are  located  as  follows:  Section  1,  1  well;  Section 
2,  12  welLs;  Socfion  8  wflls;  s-'c-non  .">,  1  well;  Section  15, 1  well;  Section  16, 
4  wells;  Section  ID,  1  well;  ycclion  22,  1  well. 

Mill  Township.  A  well  drilled  at  Jonesboro  produced  5,567,000  cubic  feet 
of  gas.  It  was  called  the  "Cyclone*'  on  aoeovnt  of  its  pressare.  A  record  of 
the  well  is  given  by  Phinney  as  follows: 


Drift    1G2  feet 

Limestone   148  feet 

Bluish  green  shale   226  feet 

Gray  phalo    180  feet 

Brown  shale   197  feet 

Trenton   28  feet 

Total    935  feet 

Altitude  at  well  about   834  feet 


The  following  wells  have  been  abandoned:  Section  6,  2  wells,  1911;  Sec- 
tion 8. 1  well.  1911;  Section  29.  1  well.  1912;  Section  30,  3  wells.  1912;  Section 
82, 1  well,  1918;  Section  88, 2  wells.  1912. 

Oil  has  been  obtained  from  nearly  an  of  the  sections  in  this  township  and 
gas  from  many. 
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Foirmounf  Toirushiii.  The  fust  well  drilled  at  Fairmount  produced  11,- 
SUU.UUO  cubic  feet  of  gus  per  day.  A  second  well  produced  5,0UO,UO0  cubic 
feet  per  day. 

Seeord  of  Fairmount  Well  No.  1  (Phinney). 

l)rift    35  feet 

Limestone   290  feet 

Shale    609  feet 

Trenton  limestone   31  feet 

Total  Hcptli    965  feet 

Altitude  of  well   893  feet 

A  well  drilled  in  Section  25,  has  a  record  as  follows  (Blatchley): 

Drive  pipe   190  feet 

Casing    870  feet 

Trenton  limestone   950  feet 

Oil  sand   975  feet 

2d  oil  sand  1080  feet 

Total  depth   1050  feet 

Initial  production    50  barrels 

Wdl  in  Section  2. 

Drive  pipe    170  feet 

Casing   380  feet 

Top  of  Trenton  MO  feet 

Oil  sand    990  feet 

Second  oil  sand   1025  feet 

Total  depth   1040  feet 

Wells  have  been  abandoned  in  this  township  as  follows:  Section  5,  1  well* 
1912;  Section  13,  1  well.  1912;  Section  14,  1  well,  1912;  Section  18»  1  wetl» 
1011;  Section  20,  1  well,  IDII:  Section  25,  1  well,  1911. 

Jefferson  Township.  The  first  well  drilled  at  Upland  reached  the  Trenton 
at  1,010  feet  The  oil  sand  was  10  feet  thick  and  the  total  depth  of  the  well 
1,040.  The  drift  was  185  feet  thick.  Si.xteen  wells  were  drilled  in  this  tOWn> 
ship  in  190fi,  V.\  were  light  producers.  Forty  wells  were  abandoned  the  same 
year.  Below  is  a  record  of  four  wells  in  this  township,  all  of  which  produce 
gas,  and  the  Urst  one  oil. 

S.  E.  Vi  of  N.  W.  'i  of 

Sec.  28     Sec.  19    Sec.  19    Sec.  17 


187 

162 

100 

375 

875 

865 

933 

925 

886 

Total  depth   

 1020 

1035 

953 

911 

Well  No.  2,  Davis  Farm.  .Jefferson  Township,  Grant  County,  Indiana. 

Clay,  grnvci  and  quicksand   107  feet 

Limestone   247  feet 

Slate   r.TT  feet 

Trenton  rbck  at   '.m  feet 

In  Trentoti   102  feet 

Total  depth   1033  feat 
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Well  No.  14,  Mary  Anderson  Farm,  JetTerson  Township,  Grant  County, 


Indiaiuu 

Clay,  gravel  and  quicksand   112  feet 

Limestone    268  feet 

Slate    663  feet 

Trenton  rock  at   943  feet 

In  Tronton   107  feet 

ToUil  depth   I  1050  feet 

Well  No.  1,  Hi(?h1ine  Farm,  Jefferson  Township,  Granty  County,  Indiana. 

Clay,  gravel  and  quicksand   129  feet 

Limestone   227  feet 

Slate    580  feet 

Trenton  rock  at   938  feet  6' 

In  Trenton    102  feet 

Total  d«pth  1041  feet 

Well  No.  2,  A.  D.  Mittank  Farm,  Jefferson  Towndiip,  Grant  County. 

Clay,  gravel  and  quJeksand   116  feet 

Limestone    249  foet 

Slate    549  feet 

Trenton  roek  at  916  feet 

In  Trenton    100  feet 

Total  depth   1016  feet 

Well  No.  3,  A.  D.  Mittank  Fuito. 

Clay,  gravel  and  quicksand   102  feet 

Limestone   256  feet 

Slate   558  feet 

Trenton  rock  at   916  feet 

In  Trenton  107  feet 

Total  depth   1028  feet 


Every  section  in  thii>  township  has  prccuccd  either  oil  or  ^as  or  both. 
The  followiritr  wells  have  been  abandoned:  .Section  2,  2  wells;  Section  P,,  2 
wells;  Section  4,  4  wells;  Section  5,  2  wells;  Section  6,  1  well;  Section  7,  9 
wells;  Seetion  10,  1  wdl;  Section  15,  1  wdl;  Section  16,  4  wdls;  Seetitm  17, 
2  wells;  Section  10,  1  well;  Section  20,  8  wells;  Section  21,  9  wells;  Section 
27,  2  wells;  Section  28,  7  wells;  Section  29,  1  well;  Section  31,  1  well;  Sec- 
tion 3S,  1  well;  Seetion  86,  2  wells. 

Monroe  Toumahip.  The  records  of  two  wells  are  given  bdow: 


See.  12  Sec.  86 

Drive  pipe                                    425  feet  227  feet 

Casing                                       430  feet  403  feet 

Top  of  Trenton                        990  feet  995  feet 

Gas  sand    1030  feet 

Water    1049  feet 

Total  depth   1050  feet  t077  feet 


More  than  one-half  of  the  sections  in  this  town.ship  have  produced  oil  or 
gas  or  both. 
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Abandoned  wells:  Section  1,  Swells;  Section  2,  8  wells;  Section  2  wolls; 
Section  4,  5  wells;  Section  5,  2  wdls;  Section  7,  6  welb;  Section  8,  1  well; 
Section  9,  S  wells;  Section  10, 1  well;  Section  11, 14  wells;  Section  12,  6  wells; 
Section  13,  2  wells;  Section  14,  Swells;  Section  15,  1  well;  Section  16,  1  well; 
Section  17,  1  well;  Section  18,  10  wells;  Section  If),  2  wells;  Section  21.  2 
wells;  Section  22,  6  wells;  Section  23,  3  wells;  Section  25,  5  wells;  Section 
26,  14  wdls;  Section  27,  6  wells;  Section  2S,  4  wdb;  Section  29,  2  wells; 
Section  34.  1  well;  Section  .35,  6  wells;  Section  36,  6  wells. 

Pleasant  Towvship.  Light  producing  wells  have  been  found  in  this  town- 
ship. Two  wells  were  drilled  near  Jalapa  in  IDOl  and  1903,  both  light  pro- 
ducers. Wells  almadoned  are  located  as  follows:  Section  2,  1  well;  Section 
6,  1  well;  Section  1S»  1  well;  Section  2S,  1  wdl;  Section  31,  2  wdls;  Section 
33,  1  welL 

Riekiaitd  Toumahip.  Salt  water  was  obtained  in  a  well  drilled  about  two 
miles  from  the  north  boundary.   Wells  were  abandoned  in  Section  4,  1  well; 

Section  34,  1  well;  Section        1  well. 

Sims  Township.  A  stroni;  gas  supply  was  obtained  at  Swayzee.  Two 
wells  were  put  down  in  Section  12,  both  produced  a  small  supply  of  oil.  Wdb 
abandoned  are  us  follows:    Section  2,  1  well,  1918;  Section  9,  1  wdl,  1918; 

Section  10,  2  wells,  llUl;  Section  25,  1  well,  1912. 

Van  Buren  ToxcmlUp.  The  first  well  drilled  contained  both  oil  and  gas. 
A  record  of  the  well  drilled  at  Van  Buren  is  grmn  below: 

Lor  of  Van  Buren  Well  No.  1. 

Drift    91  feet 

Umestooe   800  feet 

Shale    559  feet 

Trenton  limestone   23  feet 

Total  depth    978  feet 

Altitude  of  weU   843  feet 

The  foUowing  are  records  of  other  wdls  drilled  in  this  township: 

See.2  See.  7  See.l7 

Drive  pipe                               174  156  412 

Casing                                      460  439  441 

Top  of  Trenton                          992  1008  972 

Gas   1007  1012  987 

Oil  (first)   1020  1018  1006 

Oil  (best)    1038 

Total  depth   1046  1086  1082 

Initial  production   20  bbl.     66  bbl.     80  bU. 

Every  quarter  section  of  land  in  this  township  has  been  a  producer  of 

oil  or  pas  or  both.  The  following  wells  have  been  plugged:  Section  1,  15 
wells;  Section  2,  23  wells;  Section  3,  11  wells;  Section  4,  7  wells;  Section  5, 
19  wdla;  Section  6,  88  wdla;  Section  7,  22  wdU;  Section  S,  21  wells;  Sec- 
tion 9,  11  wells;  Section  10,  11  wells;  Section  11,  11  welLs;  Section  13,  1  well; 
Section  14,  19  well.s;  Section  15,  66  wells;  Section  16,  6  well.s;  Section  17,  10 
wells;  Section  18,  11  wells;  Section  19,  11  wells;  Section  20,  1  well;  Section 
21, 12  wella;  Section  22, 19  wells;  Section  27,  16  wells;  Section  28,  10  wdla; 
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Section  29,  8  wells;  Section  ^.2,  20  wells;  Section  88,  29  wdls;  Section  84,  38 
wells;  Section  36,  1  well;  Section  36,  2  wells. 

Washington  Township.  A  few  sections  in  the  northwest  corner  of  the 
township  are  the  only  ones  that  have  not  been  productive.  Wells  No.  1  on 
the  N.  M.  Bradford,  and  No.  1  on  the  Ira  Bradford  farm,  in  the  north  half 
of  the  southeast  ^  of  16,  and  No.  11  on  the  J.  T.  Bradford  in  the  S.  W.  H 
of  16,  had  tiie  foUowing  neords: 


Drive  pipe 


No.  1 

No.  2 

No.  11 

N.  M.  B. 

I.  B. 

J.  T.  B. 

Feet 

Feet 

Feet 

266 

341 

. .  509 

409 

442 

.  .  995 

996 

994 

1020 

1020 

10.30 

10.')5 

1071 

1094 

60 

15 

Top  of  Trenton. 
Gas   


Section  2,  E.  J.  Hwat  Farm,  S.  W.  An  average  well  on  the  lease 
shows  the  following  record: 

Drive  pipe   300  feet  . 

Casing    600  feet 

Top  of  Trenton   980  feet 

Total  deptii   1066  feet 

On  Section  3,  one  mile  we.st  of  the  above  farm,  a  rooord  of  bOTO  No.  1 
was  as  follows  (the  well  was  a  fair  producer) : 

Drive  pipe    199  feet 

Casing    504  feet 

Top  of  Trenton   1004  feet 

Gas  struck  at  1014  feet 

First  oil  pay  1019-1040  feet 

Salt  water   1040-1045  feet 

Second  oil  pay  1055-1070  feet 

Total  depth   1070  feet 

A  well  in  the  N.  E.  U  of  Section  11  had  the  following  record: 

Drive  pipe    2.'>0  feet 

CasinjT   455  feet 

Top  of  Trenton  1014  feet 

First  pay  1026  feet 

Salt  water   1073  feet 

Total  depth   1077  feet 

The  above  well  started  at  60  barrels. 

An  average  record  of  ten  wells  drilled  on  the  Cory  lease,  west  half  of 
the  northweat  \k,vpi»  October  1, 1908,  is  as  foQows: 

Drive  pipe   104  feet 

Casing   460  feet 

Top  of  Trenton  1001  feet 

Total  depth   1079  feet 
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Most  of  the  wells  came  in  with  an  initial  j) reduction  of  3f>  to  50  barrels. 
A  well  on  the  L.  W.  Smith  Farm,  Section  16,  south  half  of  the  N.  W. 


has  the  fdlowing  record: 

Drive  pipe    220  feet 

rasinp   470  feet 

Top  of  Trenton   980  feet 

Total  depth   1000  feet 

Section  28,  N.  E.  M. 

Drive  pipe    286  feet 

Casinfr    42(1  feet 

Top  of  Trenton   987  feet 

Struck  gas  at  1000  feet 

Total  depth   1074  feet 


The  well  yielded  2,000,000  feet  of  rus  a  day  for  twenty  days,  with  no 
showing  of  oil.  At  the  end  of  that  time  was  shot  with  160  quarts,  when  a 
pocket  of  oil  near  the  bottom  of  the  bore  was  evidently  broken  into,  as  the 
fluid  rose  20  feet  ab«ve  the  derrick.  The  well  made  24  harrds  the  first  day 
and  settled  down  into  a  fair  producer. 

The  Hawkins  lease,  on  the  N.  W.  %  of  Section  84,  haa  7  or  8  flur  pro- 
ducers.  The  record  of  No.  7  being  as  follows: 


Drive  pipe   173  feet 

Casing   440  feet 

Top  of  Trenton   997  feet 

First  oil  pay  1027  feet 

Second  oil  pay  1054  feet 

Total  depth   1070  feet 


Abandoned  wells  are  located  as  follows:  Section  2,  8  wells,  1913;  Section 

3,  3  wells,  1913;  Section  9,  2  wells,  1912;  Section  10,  1  well,  1916;  Section  12, 
2  wells,  1912;  Section  13,  3  wells,  1912;  Section  14,  4  wells,  1912;  Section  15, 

1  well,  1918;  Section  16,  2  wells,  1912;  Section  22,  5  wells,  1913;  Sectkm  28. 
5  wells,  1918;  Section  28,  3  wells,  1918;  Section  33,  3  wells,  1912;  Section  84, 

2  wells.  1912. 

Green  Ton  nshiii.   Abandoned  wells  are  located  as  follows: 


Owner                            Date  Section  Range  Wells 

E.  Pennington                      1912  3         6E  1 

Joe  Hoe                                 1918  4          6E  1 

J.  J.  Johnson   16          6E  1 

G.  M.  Kilgorc                      1912  26         6E  1 

N.  J.  Lacare  1912  84        6E  1 

Chas.  Lear                            1913  35          6E  I 

Liberty  Tonmahip.   A  list  of  the  abandoned  wells  is  given  hfUnv : 

Owner                          Date  Section  Range  Wells 

A.  W.  Jay                           1912  1         7E  1 

Henry  Daugherty                 1918  8        7E  1 

A.  Ginunell                         1912  6        7B  1 
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19i2 

8 

7E 

1 

1912 

12 

7E 

1 

F.  A.  Stewart  

l!)t2 

1(5 

7E 

1 

1912 

21 

7E 

1 

1912 

22 

7E 

1 

Jessie  Haislev   

1912 

24 

7E 

1 

Frank  Mason  &  Webb  Winslow 

1912 

27 

7E 

2 

29 

7E 

.  1 

88 

7E 

1 

34 

7E 

1 

mtdm  TowHskip.   Wdls  were 

drilled 

and  abandoned  as 

follows: 

Owner 

Date 

Section 

Range 

Wells 

1912 

2 

7E 

1 

1911 

11 

7E 

1 

1911 

19 

7E 

1 

GREENE  COUNTY. 

The  mantle  of  glacial  drift  coverinjj  this  county  is  lifjht,  varyinp  from  five 
to  tifty  feet  in  thickness  except  in  the  White  River  Valley  where  it  may  ex- 
ceed one  hundred  feet  The  rock  strata  nnderljrins  the  drift  beloniia  to  the 
Mississippian  and  the  Pennsylvanian  periods.  In  the  eastern  part  of  the 
county  the  structure  may  be  determined  by  locating  elevations  on  the  surface 
of  some  of  the  Chester  limestones  which  may  he  used  as  datum  planes  for 
drawing  .structural  contours.  In  the  western  part  of  the  County  where  the 
coal  measures  outcrop  the  coal  beds  may  be  used,  with  proper  methods  of  dis- 
crimination, for  a  like  purpose.  The  surface  of  the  Trenton  limestone  probably 
lies  from  2,000  to  2,500  feet  below  the  .surface  in  this  county.  The  Devonian, 
which  may  be  oil  bcnrinf?  where  the  .'Structure  is  favorable,  may  be  reached  at 
depths  ranging  from  1,500  to  1,800  feet. 

Jeftraon  Tounuhip.  A  well  drilled  at  Worthington  reached  water  in  the 
Niagara  limestone  at  1,4:?0  fe<?t.    The  well  was  completed  at  1,445  feet. 

Taylor  Towiukip.   A  well  drilled  in  Taylor  Township  has  the  following 


record : 

WeU  No.  1  on  Section  31. 

Surface  to  15  feet — Soil,  drift  and  mud. 

15  to     20  feet— Quicl< sand   5  feet 

20  to     40  feet— Soft  mud   20  feet 

40  to    46  feet— Limeshell   5  feet 

45  to     72  feet— Shale  and  water   27  feet 

72  to     80  feet— Limeshell    8  feet 

80  to  100  feet— Shale  and  water   20  f^ 

100  to    120  feet^Ume    20  feet 

120  to   125  feet— Broken  shale    5  feet 

12S  to  250  feet— Umcstone  full  of  water. 

250  to  :^00  feet    Soft  bhicl<  mud. 

300  to    310  feet— Lime.shell    10  feet 

310  to    610  feet^Hard  limestone   300  feet 

610  to  615  feet— Soft  lime   6  feet 
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At  610  fct't  lime  ifot  soft  and  brown,  with  a  smell  of 
gas  And  a  raintmw  the  cnlni-  of  oil  was  just  notkeable. 
616  to   710  ieet — Brown  limeiitone. 
710  to  800  fecft— Brown  Ihne  tuU  of  water. 

800  to  1250  feet— Black  shale. 
1250  to  1285  feet— Limeshcll. 
1285  to  1290  feet— Very  hard  lime. 
1290  to  1400  feet—Dark  diale. 

1400  to  1487  feet— Blown  shale. 
1487  to  1642  feet— Niagara  rock. 

Total  depth  of  well  1642  feet 

WtLfhington  Township.  A  small  gas  and  oil  field  was  located  at  Lyons. 
The  production  was  never  very  large.  Wells  were  abandoned  in  Section  4, 
Section  G,  Section  9,  Section  11,  Section  15  and  Section  16.  The  frilowing  is 
a  record  of  the  Kaufman  well: 


Drift    26  feet 

Sandy  lime   60  feet 

Coal   4  feet 

Sand  and  water   86  feet 

Slate    20  feet 

White  Hme   80  feet 

Red  rock   85  feet 

Sandy  slate    10  feet 

Dark  slate    65  feet 

Bedford  lime   8  feet 

Dark  shaloy  lime   342  feet 

Shell  and  lime   100  feet 

Brown  elate  and  water   10  feet 

Black  lime    40  feet 

Hard  white  lime   50  feet 

Slate  and  shale   60  feet 

White  lime   40  feet 

Black  slate   250  feet 

Brown  sand   50  feet 

White  slate    288  feet 

Trenton  rode  221  feet 


Still  in  Trenton  when  finished  at  1,959.  Bi^r  water  at  l,0.')n.  Filled  up  to 
19(H).  This  well  piobably  finished  in  the  Niagara  rather  than  the  Trenton. 
Casing  record:  10  inch,  209  feet;  8  inch,  620  feet;  6%  inch,  1,188  feet 

Stafford  Temuhip,  Two  wells  were  drilled  in  this  township,  one  on  the 
property  of  J.  L.  Morgan  and  in  Glenns  Valley. 

HAMILTON  COUNTY. 

The  bed  rock  formutions  of  this  county  belong  to  the  Silurian  and 
Devonian  periods  of  geologic  time.   These  formations  are  largely  concealed 

by  glacial  rJrift  varying  in  thickness  fiom  ■'()  to  300  feet.  The  surface  of 
the  Trenton  lies  from  800  to  1,200  feet  below  the  surface  and  for  the  greater 
part  of  tiie  eomty  is  above  sea  level.   The  dip  of  the  strata  is  southwest. 
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Noblesville  Toufttship.  A  well  drilled  at  Noblesville  gave  the  following  log: 

Drift    140  feet 

Limestone    286  feet 

Shale   •.  410  feet 

Trenton  limestone-.   7  feet 

Total    843  feet 

Altitude  of  uvU   760  feet 

Many  gas  wells  are  locatrd  in  this  Township,  Abandoned  wells  are  located 
in  Section  11,  1  well;  Section  17,  1  well;  Section  18,  2  wells. 

Delaware  Toifn.ship.  Gas  wells  were  located  at  New  Britton  and  Fishers. 
Fall  Creek  Toumship.  Oil  wells  were  locat(>H  in  Sections  1,  2,  36  and  others. 

Lofl  of  Wells  in  Section  2'. 


Caainf   

Top  of  Trenton  

Best  oil  at  

Total  depth  ."Tr-.  

Initial  on^t,  blila.  

/odbaon  Township.  Oil  wells  were  located  in  Sections  5,  6,  31,  33,  36  and 
others.  Three  abandoned  wells  are  located  in  28  and  one  in  23.  Logs  of  some 
of  the  wells  are  as  follows: 


No.  1 

No.  2 

No.  3 

56 

54 

54 

880 

384 

881 

886 

889 

885 

914 

918 

914 

926 

986 

986 

66 

2 

60 

See.6 

.  See.5 

Sec  86 

240 

70 

525 

545 

. . . .1003 

1010 

916 

1064 

927 

The  record  of  a  wdl  drilled  at  Gle 

mo  ia  given  I 

lelow: 

161  feet 

Nia^-ara  limestone  and  shale   300  feet 

Hudson  River  and  Utica   490  feet 

Trenton  limestone   82  feet 

Phinney  gives  the  following  record  of  a  well  drilled  at  Arcadia: 

Drift  ;..  130  feet 

Limestone    120  feet 

Blue  limestone    130  feet 

Shale    581  feet 

Traiton  limestone   18  feet 

Total  depth    974  feet 

Altitude  of  well   868  feet 

Adama  Toumship.  At  Sheridan  gas  was  obtained  at  1,076  feet  and  the 
top  of  the  Trenton  at  1,069  fett 

Watbington  Township.  At  Westfidd  the  top  of  the  Trenton  was  readied 
at  1,040  feet  and  aalt  water  at  1,080  feeL  Blatehley  gives  the  records  of  Ave 

67— 
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wells  in  this  township,  the  hrst  tliree  are  In  fhe  S.  W.  14  of  Section  13,  and 
the  last  two  in  the  eut  half  of  Section  20. 


No.l 

No.  2 

No.  3 

No.  4 

Na5 

...  806 

281 

284 

160 

161 

rm 

.^)15 

.51.5 

Tup  of  Trenton  .  , 

. , . 1024 

1020 

1022 

1005 

1000 

Total  depth   

. . . 1042 

1037 

1050 

1032 

1019 

An  abandoned  well  is  located  in  Secti<m  26,  on  the  Allen  Stalker  property. 
Ctoff  Tovnuin^.  At  Carmd  gas  was  obtained. 

Wayne  Tounuthip.  Abandoned  wells  are  located  in  this  territory  as  f<il> 
lows:   One  well  each  in  Section^  n,      9,  10,  17  and  20  and  two  in  Section  9. 
Whiff  Rircr  Tmriish'ip.    Abandoned  wells  are  located  as  follows:  One 

each  in  Section.s  .!.  !',  l'>.  17  an  l 


Fia.  CXXVI.    M«p  of  HKiMoek  Coanty  Hhowini;  abandoncii  wells.    Gas  areas  oeMT  la.tlle  fol- 
hnrlns  totnuhipi :  Vcrnoo,  Book  Creek.  Brudywln*  umI  Bhw  Hhw.     '  ■ ; 


HANCOCK  COtJNTY. 

This  county  is  covered  with  glacial  drift  varying  in  thickness  txvm  60  to 
260  feet   The  dnrolith  formations  bdong  to  llie  Silurian  and  die  Davooian 
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feet 

feet 

foot 

.  68 

feet 

feet 

feet 

feet 

feet 

feet 

14  H 

feet 

feet 

feet 

periods.  In  the  irreater  part  of  the  wvntf  the  nirface  of  the  Trenton  is 
above  sea  level;  in  the  southwest  comer  of  the  county  it  lies  below  sea  levd. 

Ct  litre  Township  Productive  gas  wells  were  drilled  at  Greenfield.  A  rec- 
ord of  Well  No.  1  as  given  by  Phinney  is  below: 

Drift    215 

Comiferoas  limestone    65 

Shale  (Upper  Niafjara) 

'  Limestone  (Niagara)    G8 

Shale  

Black  shale   

Bluish  green  shale  188 

Umestone  

Brown  shale  

Trenton  limestone    14 H 

ToUl  depth    999 

Altitude  of  well  902 

Wdls  drilled  on  the  property  of  Joe  Doeman  and  Max  Franks  were 

abandoned  in  1912  and  one  on  the  property  of  Joe  Branny  in  Section  20  in  1913. 

Sugar  Creek  Toum^p.   The  record  of  a  well  drilled  at  Palestine  is  as 

follows: 

Drift   286  feet 

Limestone   122  feet 

Shale   593  feet 

Trenton  limestone   60  feet 

Total   1060  feet 

Altitude  of  well   839  feet 

Salt  water  at  1003  feet 

Vernon  Township.  Gas  was  obtained  in  wells  at  Fortville  and  McCk)rds- 
▼ille,  Vernon  Township.  The  followinjr  wells  were  abandoned*  one  each  on 
the  property  of  Wm.  Fort  and  J.  Undamood  and  one  on  the  property  of  Nelson 
Port  m  Section  16,  all  in  1913. 

Greene  Township,   Weils  abandoned  in  this  township  arc  located  : 

Owner  Section  Date  Wells 

Sarah  Martin   19  1912  1 

Mark  O.M alley   20  1913  1 

S   E.  Stubbs   27  1916  1 

David  Jones    34  1916  1 

Ora  Peacoek   86  1919  1 

Bnmm  retmisJUIp.  Abandoned  wells  are  located  as  follows: 
Owner 

Harry  Davies  

H.  Cook   

J.  W.  Hcdrick  


Hayes 


Section 

Date 

Wells 

7 

1916 

1 

8 

1919 

1 

.  14 

1911 

1 

.  19 

191S 

1 

.  21 

1912 

1 

.  26 

1913 

1 

900 
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Owner                             Section  Date  Wells 

Joe  Van  Matre                            27  1913  1 

Garwood                                   $8  191S  1 

W.  Keck                                         33  1913  1 

Joe  Van  Matre                               33  1913  1 


Jackson  Toii  ti.ship.  Gas  was  obtained  at  Charlottsvillo  in  Srction  35, 
and  in  many  other  sections.  The  following  wells  have  been  abandoned:  Sec- 
tion 6, 1  wdl;  Section  7,  1  well;  Seetion  8, 1  wdl;  Section  9,  2  welb;  Section 
10,  4  wells;  Section  13,  2  wells;  Section  15,  1  well;  Sectkm  16,  2  wells;  Sec- 
tion 17,  2  wells;  Section  21,  1  well;  Section  23.  2  wells;  Seetion  27,  1  well; 
SeeUon  86,  8  wirib. 

Blu9  JStver  Tovnuk^t.  The  following  wells  have  been  abandoned  in  tliis 
Township:   One  each  in  Sections  9,  10,  17  and  19. 


HARRISON  COUNTY. 

Harrison  County  lies  wholly  within  the  unplaciated  area  of  the  State. 
The  preater  part  of  its  surface  is  occupied  by  the  Mitchell  peneplain  through 
the  surface  of  which  the  major  streams  have  cut  to  the  underlying  formations. 
The  strata  represented  by  onterops  in  the  county  bdong  to  the  following 
divisions: 

Ouatemarv  J  Recent — Residual  days  and  alluvtuin. 

1  Pleistocene — Possible  residuals. 

[Chester  sandstones,  limestones  and  shale. 
[Mitchell  limestone. 

MissiMippian  |  Salem  limestone. 

|Harrodsburjr  limestone. 

:  Knobstone  shales  and  sandstones. 

In  that  portion  of  the  county  occupied  by  the  Mitchell  limestone  the  de- 
termination of  stmetural  conditions  will  be  difRcult  because  of  the  abeenee 
at  definite  and  persistent  horizons  in  the  Mitchell.  Where  numerous  out- 
crops of  the  Knobstone-Harrodsburp  contact  can  be  found,  this  may  be  used 
as  a  key  horizon.  If  structural  conditions  are  favorable,  oil  and  gas  reservoirs 
may  be  found  in  the  Trenton,  Silurian  and  Devonian  limestones.  Gas  has  been 
obtained  at  Tobaeeo  Landinar  fnwn  the  Devonian.  A  record  of  one  of  the  wdls 
follows: 

Seetion  of  Well  No.  L 

Keokuk  Umeslone   15  feet 

Knobstone   390  feet 

Depth  to  Devonian  shale   405  feet 

A  good  flow  of  gas  was  found  in  the  Devonian  shale.  The  gas  pressure 
in  1911  was  from  60  to  110  pounds.  In  1914  it  was  only  r>o  pounds.  Gas  and 
oil  wells  ranpe  in  depth  from  sixty  to  nine  hundiod  feet.  Six  oil  wells  range 
in  depth  from  135  feet  to  700  feet.  The  initial  production  was  from  five  to 
thirty  barrels  per  day. 
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HENDRICKS  COUNTY. 

The  strata  underlying  the  glacial  drift  in  this  county  belong  to  the  De> 
voninn  aru!  Mississippian  periods.  The  New  Albany  ?hn]o  occupies  the  sub- 
burfuce  in  the  eaiitern  part  of  the  county  and  the  Knobiitone  in  the  western 
portion.  The  giadal  drift  conoeab  the  bed  rode  atanost  eompletcly  and  reaches 
a  thickness  of  two  hundred  feet. 

A  well  was  drilled  at  Plainfield  at  an  altitude  of  742  feet.  The  total 
depQk  was  feet  and  a  slight  flow  of  gas  was  obtained  at  a  depth  of 
350  feet 

The  surface  of  the  Trenton  in  all  parts  of  this  county  is  below  sea  level, 
probably  400  to  600  feet.  If  oil  or  gas  in  quantity  is  obtained  in  this  county 
it  will  probably  be  in  terraces  or  spurs  or  small  domes  connected  with  the 
Cincinnati  p:canticlinc.  The  position  of  such  structures,  if  thoy  exist,  cannot 
be  determined  by  surticial  observutiuns  because  the  outcrop  oi  the  strata  is 
concealed  largely  by  the  drift.  Not  enough  well  records  have  been  secured  to 
enable  one  to  secure  suflldent  data  for  subsurface  work. 

HENRY  COUNTY. 

The  surface  of  the  durolith  of  Henry  County  is  formed  by  Silurian  strata 
(Niagara  limestone),  which  is  covered  with  gladal  drift  varying  in  thidmess 


Piir.  CXXVII.  Ibp  at  Hrniy  Oounty  dMiwiair  loeBtloa  at  ahBiidaaed  wells.  The  nortlmii  tier 

of  UmaMot  is  In  cm  territory. 
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from  25  to  500  feet.  The  surface  of  the  Tronton  lies  from  500  to  1,200  feet 
below  the  surface  of  the  county  and  for  a  large  part  of  the  county  is  above 
sea  level. 


Henry  Township.   Well  No.  1  at  New  Castle  has  the  following  log; 


Drift    888  feet 

Hudson  River  shales   200  feet 

Utica  shales   343  feet 

Trenton  limestone   421  feet 


Total  (U'pth   121*7  feet 

Trenton  above  seu  level   104  feet 


The  surface  of  the  Trenton  about  New  Castle  varies  in  height  above  sea 
'  level  from  104  to  137  feet,  the  average  is  about  125  feet 


Prairie  Towmkip.    A  wt-ll  drillpd  at  Mt.  Summit  gave  the  following  log: 


Drift    230  feet 

Limestone   50  feet 

Shal.    786  feet 

Trenton  limestone   66  feet 

Total  depth   1082  feet 

Altitude  of  well  1110  feet 


Two  wellH  were  drilled  at  Spnngport,  the  record  of  the  srcond  follows: 


Drift    156  feet 

Limestone   90  feet 

Bluish  Kifcn  shale   non  feet 

Black  shale   Ill  feet 

Trenton  limestone    63  feet 

Total  depth   1020  feet 

Altitude  of  well  1004  feet 


Spieetand  Toumahip.  At  Spiceland  a  well  was  drilled  which  has  the  fol- 


lowing log: 

Drift    ir.i  feet 

Hard  cherty  limestone   (52  feet 

Limestone    67  feet 

Shale    10  feet 

Bluish  vrieen  and  hrown  shale   710  feet 

Trenton  limestone   62  feet 

Total  depth   1002  feet 

Altitude  of  weU  1028  feet 
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Wajpie  Totvnship.   A  well  drilled  at  Knightstown  has  the  following  log: 

Drift   84  feet 

Niagara  limestone   -00  feet 

Hudson  River  limestone  and  shale   360  feet 

UUca  shale   11)9  feet 

Trimton  HnMstone    218  feet 

Total  depth   1036  feet 

Trenton  ahove  sea  level   113  feet 


At  this  point  the  surface  of  the  Trenton  varies  from  112  to  121  feet  above 
MS  leivel.  Three  wells  were  drilled  in  Knightstown  recently.  The  records  of 
these  wells  are  given  below.  No.  1  was  drilled  on'thc  lot  of  Mrs.  Walter 
GarriMin;  No.  2  on  lot  of  James  Oakerson;  No.  3  on  lot  of  L.  P.  Wenly. 


Thickness  of  lime  rock 

Thickness  of  slate  to 


No.l 

No.  2 

No.  3 

57 

68 

60  feet 

200 

200 

200  feet 

560 

555 

560  feet 

817 

818 

820  feet 

8 

10 

10  feet 

825 

828 

880  feet 

HOWABD  COUNTY. 

A  mantle  of  drift  covers  the  bed  rock  of  this  county  to  a  depth  of  40  to 
100  or  more  feet.  Underlyinfr  the  drift  are  the  limestones  of  the  Silurian 
period.  This  county  was  amoni;  the  first  to  drill  for  gas  and  as  early  us  1886 
brought  in  a  wdl  of  2,000,000  eobie  fast  eapadty.  The  depth  to  the  surface 
of  the  Trenton  vurie.^^  from  8110  to  1,100  feet  and  the  surface  of  the  Trenton 
is  from  5U  to  350  feet  below  .scu  level. 

Center  Townahip.  The  township  has  produced  much  gas.  The  first  well 
was  drilled  in  1886.   The  foUowkg  is  a  list  of  14  wdls  drilled  in  or  near 

Kokomo': 


No.  or 

Ueptli  to 
TBOilao, 

D^to 
foat 

AltitaUa 

fMt 

Tiwloo 

'i'kioluMBfi 
of  Dtilt 

Capacity 
iooo.  it^ 
pwdoy 

1 

3 
3 
4 

S 
6 

t 

8 
!» 
10 
11 
» 
13 
U 

«t> 

036 

m 

MM 

mo 

902 
832 

922 
922 
910 
944 
901 
883 
fU 
•14 

m 

2.000.UUU 
1. 117.000 
810.000 
1.SQO.O0O 
4,40,000 
l.U6,000 
3,015,000 

i.on.ooo 

2,500,000 
2^000.000 

t.aw.m 
s,n?.too 

m 

» 

90 

m 

m 
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Record  of  Wdl  No.  4  (Wnu  Moore). 


Drift    6B  feet 

Water  lime   10  feet 

Bluish  limestone   80  feet 

White  shuly  limestone   15  feet 

Bluish  limestone    65  feet 

Niafrara  shale  (calcareous)..   Si)  feet 

Gray  limestone   75  feet 

Hudson  River  shale   256  feet 

Utica  sh  ilr    256  feet 

Trenton  limealiftie   22  feet 

Total  depth    968  feet 


At  Tarkington  tiie  Trenton  was  reached  at  966  feet  and  Uie  drift  has  a 

thickness  of  140  feet.  In  Section  19,  4  wells;  Section  20,  8  wdl8»  and  in  See- 
tion  24,  1  well,  were  abandoned  fi-om  1911  to  lOlH. 

Jaekami  Township.  Gas  wells  were  produced  ut  Sycamore  in  this  town- 
ship. Wells  abandoned  are  located  as  follows:  Section  7,  2  welU;  Section 
12,  3  wells;  Section  13,  3  wells;  Section  17,  2  wells;  Section  18,  1  well;  Sec- 
tion 20,  1  well;  Section  23,  1  well;  Section  24,  5  wells;  Section  26,  1  well; 
Section  31, 1  well;  Section  32, 1  wdl. 

UheHy  Tonmnhip.  At  Greentown  a  strong  flow  of  gas  was  obtained.  The 
depth  of  the  Trenton  is  O^^fi  fori,  khs  obtained  at  965  feet,  and  the  drift  was 
79  feet.  Wells  have  been  abandoned  as  follows:  Section  4,  1  well;  Section  6, 
1  well;  Section  7,  1  well;  Section  19,  2  wells;  Section  27,  2  wdls. 

Union.  Twmthip.  The  Trenton  was  reached  at  984  feet,  gas  at  969,  and 
the  thickness  of  the  drift  was  107  feet.  Wells  abandoned  are  located  in  Flec- 
tion 6,  1  well;  Section  7, 1  well;  Section  15,  1  well;  Section  17,  1  well;  Section 
20,  2  welk;  Seeticm  21, 1  well;  Section  28, 1  well;  Section  29, 1  well. 

Taylor  Township.  The  Fairftdd.well  reached  the  Trenton  at  937,  drift 
r)5  feet,  McNeal  well  went  thiouu'h  "'2  fcf-t  of  -iiift  rind  reached  the  Trenton 
at  925  feet.  Wells  abandoned  are  located  in  Section  12,  2  welb;  Section  15, 
1  well;  Section  18, 1  well;  Section  26, 1  well;  Section  80,  3  wells. 

HoMford  TotMUtMp.  The  Templin  well  passed  through  80  feet  at  drift  and 
reached  the  Trenton  at  921  feet.  The  Weaver  well  passed  through  100  feet 
of  drift  and  reached  the  Trenton  at  921  feet-  A  well  drilled  on  the  Under- 
wood place  in  Section  16  was  abandoned  in  1918. 

Harrison  Toumship.  A  weU  located  on  the  property  of  Jaekson  Morrow 
in  Section  13  and  one  on  the  property  of  Maiy  A.  Frances  were  abandoned 
in  1912  and  1913. 

Through  the  courtesy  of  the  Indiana  Natural  Gas  and  Oil  Company  of 
Kokomo  the  writer  obtained  the  records  and  elevations  of  two  hundred  thirty- 
nine  wells  located  in  Howard  and  Tipton  counties.  By  the  aid  of  these  rec- 
ords 1  was  able  to  determine  the  structural  conditions  for  a  con.sidcrablc  area 
in  these  two  counties.  I  found  that  the  main  arch  (geanticline)  trends,  in 
that  refrion,  north  of  west  and  that  a  series-  of  minor  folds  cross  the  surface 
of  the  arch  north  of  east  in  nearly  parallel  lines.  It  was  found  that  the 
productive  gas  territory  was  confined  to  these  minor  folds.  No  production 
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was  recorded  for  the  wells  which  hud  been  drilled  in  the  synclines  between 
the  minor  anticlines,  though  some  of  these  were  high  up  on  the  main  arcii. 
The  fact  that  approximately  ten  per  cent  of  the  wells  on  the  anticlines  were 
dry,  that  is  produced  only  a  show  or  very  little  pas,  is  explained  on  the  ground 
of  non-porous  conditions  of  the  rock  at  those  points*.  Such  lack  of  porosity 
being  due  to  a  lack  of  dokmiitization  of  the  Trenton  limestone. 

The  fact,  however,  which  has  been  drmonstratrd.  is  ihat  -trvictural  Con- 
ditions and  not  porosity  of  sand  are  the  main  conti-olling  factors  in  the 
aceumtilation  of  oil  and  gas  in  the  Trenton  iield  in  Indiana. 

If  accurate  records  of  all  the  wells  that  have  been  drilled  in  this  terri- 
tory were  obtainable  the  structural  conditions  of  almost  the  entire  field  could 
b«  determined. 


The  Niagara  limestone  underlies  the  glacial  drift  in  this  county.  The 
surface  of  the  limestom  has  bet'ii  deeply  eroded  and  the  drift  varies  much  in 
thickness.  Outcrops  of  the  limestone  occur  along  the  banks  of  the  Salamonie 
River.  The  southern  part  of  this  county  has  been  good  dl  territoxy  in  the 
past  and  the  field  hius  been  exteiv!e<i  slightly  recently.  The  county  lies  on 
the  north  side  of  the  arch  and  the  strata  dip  toward  the  north.  Structural 
con^tttions  can  be  determined  only  hy  subsurface  work. 

The  following  are  the  records  of  some  of  the  wells  that  have  been  drilled 
in  this  county: 

Jeffn-son  Toicnuhij).  Sections  7,  8,  17  and  18  wore  all  productive  terri- 
tory in  1905.  The  following  wells  have  been  abandoned:  Section  7,  2  wells; 
Section  13,  2  wdls;  Section  19,  8  wells;  Section  21,  6  wells;  Section  24,  1 

well;  Section  28,  7  wells;  Section  PA,  11  w.IIs;  Section  33,  27  wdls;  Section 

84,  10  wells;  Section  :{">,  i;i  wells;  Section        H  wells. 

Salamonie  Towtisliip.  Twenty-five  new  wells  were  drilled  in  this  town- 
ship ill  1906,  whidi  was  formerly  known  as  salt  water  territory.  All  were 
good  producing  wells. 

An  average  record  of  the  bores  tm  the  S.  E.  U  showed: 

Drive  pipe    •'>8  feet 

Casing    385  feet 

Top  of  Trenton   1007  feet 


March  Petroleum  Co.  Hill  Lot  WeU  No.  1.  Located  &  E.  of  Section  20, 
Salamonie  Township: 


HUNTINGTON  COUNTY. 


Total  depth 


1087  feet 


Drive  pipe 
Casing  ... 


77  feet 
406  feet 
978i  ffect 

28  lisei 


Tvp  of  sand  . . 
Drilled  in  sand 
Total  depth  .. 


 10071  feet 


Shot  with  100  quarts  April  4, 


Pumped  50  barrels  oil  first  24  hours. 


% 
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J.  L.  Priddy  Lease  No.  9.  N.  W.  Vi  of  Section  20,  Salamonie  Township: 

Drive  pipe    52  feet  10* 

Casing    428  feet 

Top  of  sand   1007  feet 

Drilled  in  sand   30  feet 

Total  depth   1037  feet 

•     Not  shot,  pIuR>re<l  April  11,  1919. 

Calvin  Per.iut-  Lea>e  No.  3,  S,  E.  %  of  Section  29: 

Drive  pipe    72  fwt 

Casing   426  feet 

Top  of  sand    960  feet 

Drilled  in  sand    22  feet 

Total  depth   982  feet 

Shot  with  60  quarts  April  11,  1919. 

Pumped  125  barrels  first  24  hours. 
Calvin  Perdue  Leaae  No.  4.  S.  E.  ^  of  Section  29,  Salamonie  Township: 


  611 

feet 

 4S2 

feet 

feet 

  32 

feet 

feet 

Shot  with  100  quarts. 

Pumped  first  24  hours,  50 

barrels. 


Calvin  Perdue  Lease  No.  6.  S.  E.  M  cf  Section  29: 

Drive  pipe    89  feet 

Casing    432  feet 

Top  of  sand   956  feet 

Drilled  in  sand   25i  feet 

Total  depth    98U  feet 

Shot  80  quart;;.    Pumped  70  barrels  first  24  hours. 

Calvin  Perdue  Lease  No.  6.  S.  £.  M  of  Section  29: 

Drive  pipe    91  fert 

Casing    400  feet. 

Top  of  sand   968  feet 

Drilled  in  sand    24  feet 

Total  depth    992  feet 

Shot  with  80  quarts.   Pumped  55  barrels  first  24 
hours. 

Calvin  Perdue  Lease  No.  7.  S.  W.  U  of  Section  29: 

Drive  pipe    32  feet 

Casing   417  feet 

Top  of  sand   952  feet 

Drilled  in  sand   82  feet 

Total  depth    975  feet 

Shot  with  80  quarts.  Pumped  150  barrels  24  hours. 
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Calvin  Perdue  Lease  No.  8.   N.  E.  U  of  Section  29: 


  44 

feet 

  407 

feet 

  976 

feet 

  25 

feet 

Total  depth  

 1001 

feet 

Shot  with  120  quarts  July  25,  1919. 

Pumped  180 

barrels  first  24  hours. 
Calvin  Perdue  Lease  No.  9.    N.  E.  'i  of  Section  29: 


feet  8 

feet 

Top  of  sand  

  975 

feet 

Drilled  in  sand  

  28 

feet 

Total  depth   

feet 

Shot  with  140  quarts  August  6,  1919. 

Pumped  90 

barrels  first  24  hours. 

Calvin  Perdue  Lease  No.  10.    S.  E.  H  of  Section  29: 

Drive  pipe    ^2  feet 

Casing    420  feet 

Top  of  sand    958i  feet 

Drilled  in  sand   20  feet 

Total  depth    978 i  feet 

Shot  with  60  quarts  August  9,  1919. 

Calvin  Perdue  Lea.se  No.  11.   N.  E.  U  of  Section  29: 


feet  2" 

feet 

  968 

feet 

Drilled  in  sand  

  222 

feet 

Total  depth   

feet 

Shot  with  100  quarts. 

Pumped  45  barrels  first  24 

hours. 

L.  S.  Jones  Lease  No.  16.    S.  E.  U  of  Section  20: 


Drive  pipe   

161 

feet 

412 

feet 

Top  of  sand   

968 

feet 

Drilled  in  sand   

25 

feet 

ToUl  depth   

993 

feet 

Shot  with  80  quarts  May  2,  1919.    Pumped  50 

barrels  first  24  hours. 
Frank  Malott  Lease  No.  1.    N.  E.  U  of  Section  29: 


33 

feet 

4281 

feet 

Top  of  .sand   

965 

feet 

Drilled  in  san<l   

27 

feet  4" 

Total  depth   

992 

feet 

Shot  with  100  quarts.    Pumpod  100  barrels  first 

24  hour: 
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Frank  UMb  Lease  No.  2,  N.  E.  ^  of  Section  2^, 


Drive  pipe 
Casing  . . . 


73  feet 
415  feet 
977  feet 

26  feet 
1003  feet 


Top  of  sand  

Drilled  in  sand  

Total  depth   

Shot  with  120  iiuarts.  Pumped  first  24  hours,  90 
barrels. 

Frank  Halott  Lease  No.  8.  N.  W.  U.  of  Section  29: 


Drive  ]rfpe  . 

Casing   

Top  of  sand 


«i  feet 

'VJA  feet 
986  feet 
18  feet 
1004  feet 


Drilled  in  sand 
Total  depth  . . . 


Pumped  salt  water  first  24  hours. 

Calvin  Pordiio  Lease  No.  12,  N.  E.  U  of  Section  29. 

39  feet  to  limestone. 
376  feet  through  limestone. 
572  feet  of  shale. 

22  feet  of  Trenton  rock. 

Pumped  20  barrel.s  lirst  2A  hours. 

Calvin  Perdue  Lease  No.  13,  S.  E.  ^  of  Section  29. 

89  feet  to  limebtone. 
SOS  feet  thnrngfa  limestone. 

566  feet  of  shale. 

23  ft'ot  of  Trenton  rock. 

Pumped  -10  barrels  fh^■^t  24  hour.'^.    Finished  .Xuuust  30,  1919. 

Calvin  Perdue  Lease  No.  14,  N.  E.  V*  o£  Section  29. 

28  feet  to  limestone. 

567  feet  through  limestone. 

678  feet  of  shale. 
24%  feet  of  Trenton  liniesione. 

Pumped  140  barrels  first  24  hours. 

Calvin  Perdue  Lea^e  No.  15,  N.  E.  ^4  of  Section  29. 

81  feet  to  limestone. 
869  feet  through  limestone. 
.586  feet  of  shale. 

25  feet  of  Trenton  limestone. 
Pumped  25  barrels  first  24  hours. 

Calvin  Perdue  Lease  Well  No.  16,  N.  E.  K  of  Section  29. 
46  feet  8  indies  to  limestone. 
384  feet  ihrottsh  limestone. 
550  feet  of  shale. 

24  feet  of  Trenton. 

Pumped  110  barrels  first  24  hours. 
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Calvin  Perdue  Lease  Well  No.  17.  S.  W.  %  of  Section  29. 
28  feet  to  limestone. 
287  feet  through  limeatoiM. 

542  feet  of  shale. 
20  feet  of  Trenton. 

Pumped  'Ah  barrels  first  24  hours.    Finished  September  19,  1919. 

Calvin  Perdue  Lease  WtU  No.  18,  N,  E.  'a  of  Section 

34  feet  to  linieatoiie. 
371  feet  through  UmcatOM. 
575  feet  of  shale. 

2S  feet  of  Traitoii. 

Water,  24  hours. 

Calvin  Ptedue  Lease  Well  No.  19,  S.  W.  H  of  Section  29. 
3^  feet  to  limestone. 
3S4  feet  throu^  limestone. 
542  feet  of  shale. 

19  feet  of  Trenton. 

Pumped  15  barrels  first  24  hours.   Finished  October  18, 1919. 
Calvin  Perdue  Lease  Wtll  No.  20,  N.  E.  ^  of  Seetion.29. 
78  feet  to  limestone. 
886  feet  through  Ihnestone. 

668  feel  of  shale. 

20  feet  of  Trenton. 

First  24  hours,  25  barrels.    Finished  October  10,  1910. 

Calvin  Perdue  Lease  Well  No.  21,  N.  £.  hi  of  Section  29. 
56  feet  to  limestone;. 
357  feet  through  limestone. 
678  feet  of  shale. 
19  feet  of  Trenton. 

First  24  hours,  20  barrels.  Finished  October  18, 1919. 

Frank  Malott  Lease  WeU  No.  4,  N.  W.  U  of  Seetion  29. 

68  feet  to  limestone. 
422  feet  through  limestone. 
608  feet  of  shale. 

20H  feet  of  Trenton. 

First  24  hows,  20  barrels.  Finished  October  8, 1919. 

W(ujn^  ToH-iLship.  Ten  wells  were  drilled  in  the  west  half  of  Section  36i 
in  1904  and  1906,  all  of  which  storted  at  about  100  barrels.  Well  No.  5,  on 
the  Hamilton  lease,  8.  W.  ^  of  Section  25,  flnished  August,  1906,  may,  except 
In  production,  be  taken  as  an  average  for  this  territory,  its  record  bdng  as 


follows: 

Drive  pipe   221  feet 

Casing  512  f<eet 

Top  of  Trenton  looi  feet 

Total  depth  1064  feet 

Initial  production  (barrels)   100 
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Well  No.  6  on  the  Pinkerton  Lease,  N.  E.  '/«  of  Section  13,  Jefferson 
Township,  had  the  follovinff  noord: 


Wells  have  been  abandoned  in  this  township  as  follows:  Section  3,  1 
well;  Section  11,  1  well;  Section  12,  8  wells;  Section  13,  9  wells;  Section  22, 

1  well;  Section  23,  5  wells;  Section  24, 15  wells;  Section  27, 1  well;  Section  31, 

2  wells;  Section  84, 10  wells;  Section  85, 15  wells;  Section  86, 1  wdl. 

Monroe  Wyley  Lease  No.  1,  &  E.  !4  of  Section  12: 

Drive  pipe   137  feet 

Casin<r    427  feet 

Top  of  sand  1001  feet 

DriUed  in  sand   80  feet 

Total  depth   1081  feet 


No  showing  of  oil.    July,  1!>1!). 
Chas.  H.  Fi  eck  Lease  No.  1,  S,  W.  %  o£  Section  13. 
28  feet  to  limestone. 
417  feet  through  limestone. 

55fi  fwt  of  shale. 
17  feet  of  Trenton. 

Finished  August  20,  1U19.   Slight  showing  of  oil,  but  not  enough  to 
shoot.  Aosast  20,  1919. 

Geo.  Good  Lease  No.  1,  N.  E.  U  of  Section  82: 

.S.T  feet  to  linie.stone. 
:157  feet  through  limestone. 
580  feet  of  shale. 

19  feet  of  Trenton. 
4  barrels  first  24  hoars. 

Geo.  Good  U-ixsc  No.  2,  N.  E.  U  of  Section  32: 
54  feet  to  limestone. 
374  feet  throu^  limestone. 
670  feet  of  shale. 

38  feet  of  Trenton. 

Finished  October  13,  1919.   No  showing  of  oiL 

Well  of  Grant  Hyres,  No.  1: 

Surface                                                   0  to  42  feet 

Gravel                                               42  to  216  feet 

Red  rock   215  to  235  feet 

Slate                                                     235  to  259  feet 

Lime                                                259  to  860  feet 

Slate                                                         350  to  370  feet 

Lime                                                        370  to  '.m  feet 

Slate                                                         390  to  510  feet 


Drive  pipe  

Casinp:   

Top  of  Trenton  . 
Total  depth  .... 
Initial  production 


.  170  feet 
520  feet 
971  feet 

lOeSi  feet 


148  barz^ 
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Shale  510  to  «00  f  eet 

Brown  shale   fiOO  to    680  feet 

Light  shale   680  to   750  feet 

Brown  shale    750  to  900  feet 

Slate    900  to    992  feet 

Trenton  rock    992  to  1002  feet 

Very  hard,  light  showing  of  oil.  Water  found  at  1,002  feet.  Total  depth 
1,002  feet  Drilled  hy  Bloeser,  Phipps  and  others. 

Seetieii  17.  Wdl  No.  1.  Ed  Mossburg,  S.  W.  ^4,  of  S.  W.  ^ :  8-inch 
drive  pipe,  52  feet;  5%-inch  casing,  437  feet.  Top  of  sand  (Trenton)  1013 
feet  Salt  water  at  1,032  feet.  Total,  1041  feet.  Plugged  January  29,  1919. 
Elevation  of  month,  821  feet  Trenton,  192  feet 

Well  No.  2.  S.  E.  of  S.  E.  %  of  Section  17:  Drive  pipe,  36  feet 
Top  of  Trenton,  1027  feet.    Elevation,  831  feet.    Trenton,  196  feet. 

Well  No.  1,  Martha  A.  Raugh:  S.  E.  M  of  Section  17:  8-inch  drive  pipe, 
32  feet;  6%>iiieh  easing,  895  feet  Top  of  nad,  1027  feet  Big  doee  salt 
water  at  1060  feet  No  shovrinif  of  ofl.  Drilled  Juie,  1918.  Plugged  June, 
1918. 

Section  20.  S.  E.  ^,  Old  Home  Well  No.  1:  Top  of  Trenton,  966.  Ele- 
vation, 810.  Trenton,  149. 

No.  2,  10  rods  east   Top  of  Trenton,  979.    Elevation,  926.   Trenton,  153. 

No.  3,  500  feet  north  of  No.  2.  Top  of  Trenton,  986  feet  Elevation,  826. 

Trenton,  160. 


Top  of  Trenton,  985. 
Top  of  Trenton,  983. 
Top  of  Trenton,  972. 
Top  of  Trenton,  979. 
Tap  of  Trenton,  982. 


Elevation,  827. 
Elevation,  826. 
Elevation,  816. 
Elevatimi,  827. 
Elevation,  828. 


No.  4,  S.  E.  of  No.  2  600  feet 

Trenton,  158. 

No.  5,  S.  E.  of  No.  4  500  feet 
Trenton,  157. 

No.  6,  S.  E.  of  No.  6  500  feet. 

Trenton,  156. 

No.  7,  S.  E.  of  No.  6  500  feet 
Trenton,  152. 

No.  8,  north  of  No.  7  500  feet 

Trenton,  154. 

No.  9,  north  of  tanks  near  No.  1 ,  not  drilled.    Elevation,  827. 

Well  No.  14.  L.  S.  Jones,  south  half  of  N.  E.  %,  Section  20:  8-inch 
drive  pipe.  58  feet;  5%-indi  ca-sing.  412  feet  Top  of  sand,  990  feet  Total 
depth,  1015  fort.    Drilled  25  feet  in  .sand.   Shot  80  quarts.   First  24  hours 

30  barrels.    Drilled  February  21,  1919. 

Well  No.  7.  J.  L.  Priddy.  S.  E.  corner  of  N.  W.  Vi,  Section  20:  8-inch 
drive  pipe.  28  feet;  5%-inch  casinir.  412  feet  Top  of  sand,  988  feet  Total 

depth,  1007  feet  In  sand  19 'a  feet.   Shot  100  quarts.  Produetion  first  24 

hours,  24  barrel.s.    Drilled  January,  1919. 

W^ellNo.  8.  J.  L.  Priddy.  S.  E.  corner  of  N.  W.  »4  of  Section  20:  •  8-inch 
drive  pipe,  64  feet;  5% -inch  casing,  400  feet  Top  of  sand,  990  feet.  Total 
depth,  1015  feet.   Di  illc-d  25  feet  in  sand.  Shot  80  quarts.  First  24  hours, 

30  barrels.   Drilled  February  21,  1919. 

Well  No.  15,- L.  S.  Jones.  S.  K  of  N.  E.  U  of  Section  20:  8-inch  drive 
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pipe.  72  f«et;  6%-ineh  caslnir.  400  feet.  Top  of  sand,  98S  feet  Total  depth, 

1003  feet  20  feet  in  snnH.  Drilled  February,  1910.  Produetfam  flrst  28  hours, 
40  bands.    Elevation  of  mouth,  8.'{7  feet. 

Weil  No.  3.  J.  L.  Priddy.  S.  Va  of  N.  W.  :  8-inch  drive  pipe,  52  feet; 
5K-ineh  easinic.  424  feet  Top  of  sand,  1007  feet  First  pay,  10  feet  Total 
depth.  1020  feet.    Drilled  September.  1918. 

Well  No.  8.  I.  S.  .Jones.  S.  of  N.  E.  of  Section  20:  8-inch  drive 
pipe,  62  feet;  5^/8 -inch  ca:jing,  42o  feet.  Sand  at  1007  feet.  Total  depth, 
1027  feet  Drilled  Augiut  1018.  Praduetion  24  hours,  20  barrels. 

Section  20.  Well  No.  10.  L.  S.  Jones.  S.  of  N.  E.  \4  of  section  20: 
8-inch  drive  pipe,  75  feet  10  inches;  5%-inch  casing,  415  feet  Top  of  sand, 
1006  feet  Bottom  of  sand,  1027  feet.  Drilled  October  3,  1918.  Production 
Arst  24  hours,  22  barrels. 

Well  No.  4.  J.  L.  Priddy.  S.  '-j  of  N.  W.  '4  :  8-inch  drive  pipe,  C>2  feet; 
6%  casing,  425  feet.  Top  of  sand,  987  feet  Total  depth,  1017  feet  Showing 
of  dl  7  feet  in  sand.  Second  pay  22  UtH  in.  DriUed  October,  1918.  Pro- 
duced 45  barrels  first  24  hours. 

Well  No  11.  T.,  S.  .Tone.^.  N.  K.  :  8-inch  drive  pipe.  72  feet;  5S 
casing,  400  feet.  Top  of  sand,  !)97  feet.  Total  depth,  1034  feet.  In  sand  27 
feet  Shot  October  21,  1918. 

WeU  No.  12.   L.  S.  Jones.   N.  E.  M:  8-inch  drive  pipe,  71  feet;  5% 

rasinpT,  425  feet.    Top  of  .sand,  1007  feet.    Total  depth,  1029  feet   In  sand  22 

feet.    Production  fir.st  24  hour.s,  12  barrels. 

Well  No.  13.  L.  S.  Jones.  N.  £.  ^  of  Section  20:  8-inch  drive  pipe  58 
feet;  6%  casing,  416  feet  Top  of  sand,  995  feet;  22  feet  in  sand.  Drilled 
November  30,  1918. 

Well  No.  5.  J.  L.  Priddy,  S.  ^  of  N.  E.  hi:  8-inch  drive  pipe,  9.  feet; 
5%  casing,  405  feet  Top  of  sand,  986  feet  Pay,  14  feet  in  sand.  Depth, 
1017  feet  Drilled  SI  feet  in  sand.  Shot  80  quarts.  Production  first  24  hoiurs, 
60  barrels. 

Well  No.  6.  J.  L.  Priddy.  S.  of  N.  E.  ^ :  8-inch  drive  pipe,  117  feet 
6  inches;  5%  casing,  401  feet  Top  of  sand,  962  feet  Total  depth,  1007  feet 

Drilled  25  feet  in  sand. 

Well  No.  6.  L.  S.  Jones.  S.  W.  %  Section  20:  8-inch  drive  pipe.  56  feet; 
5%  casing,  425  feet.  Top  of  sand,  991  feet  Total  depth,  1018  feet  In  sand 
27  feet   Showing  of  oil  10  feet  in.   Pay  at  24  feet  in.   Shot  July  17,  1918. 

Well  No.  1.  J.  L.  Priddy.  N.  Vi  of  N.  W.  %  :  Drive  pipe,  68  feet;  5% 
casinpr.  418  feet.  Top  of  sand,  989  feet.  Bottom,  1022  feet.  First  pay  10 
feet  in.  Second  pay  28  feet  in  sand.  Shot  July  22,  1918.  Production  Arst 
24hour8,  80  barrels. 

Well  No.  7.  L.  S.  Jone.-^.  S.  E.  Vi  :  Drilled  Au^'ust  '.\  1918.  Top  of 
sand,  994  feet  Drilled  27  feet  in  sand.  Total  depth,  1021  feet;  8-inch  drive 
pipe,  57  feet;  6H  casing,  425  feet  Production  first  24  hours,  M  burds. 

Well  No.  2.  J.  L.  Priddy.  S.  K  of  N.  W.  K :  8-inch  drive  pipe.  70 
feet;  5"^  casing,  425  feet.  Top  of  sand,  901  feet.  Total  depth,  1024  feet; 
Arst  pay  8  feet  in.  All  pay.  Shot  August  23,  1918.  100  quarts.  Production 
flrst  24  hours,  145  barrds. 

WeU  No.  9.  L.  S.  Jones.  S.  E.  H :  8-ineh  drive  pipe,  70  feet  8  indies; 
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5%  casing.  423  feet.  Top  of  sand.  991  feet  Total  depth,  1019  foot.  Pay  af 
19  feet.  In  sand  28  feet.  Completed  September  6,  1918.  Production  first  24 
hours,  50  barrels, 

Wdl  No.  1.  L.  S.  Jones.  V,  E.  hi  ScetioB  20:  S-ineli  drive  pipe,  25  feet 

inches;  fi'i  ca-^inp,  404  feet  1  inch.  Top  0*  Band,  987  feet.  Piret  p»y  at 
991  feet.    Total  depth,  100i3  feet. 

Well  No.  2.  L.  S.  Jones.  S.  E.  U :  8-inch  drive  pipe,  29  feet;  6^4  casing, 
402  feet.  Top  of  sand,  978  feel  sand  14  feet  Total  depth,  1000  feet 
Elevation  of  mouth,  831  feet. 

Well  No.  3.  L.  S.  Jones.  S.  E.  ^ :  8-inch  drive  pipe,  47  feet;  6% 
easinfr,  416  feet  Top  of  sand,  900  feet  First  pay  4  feet  in  sand.  Total 
depth,  10 in  foot.    Elevation  of  mouth,  841  feet. 

Well  No.  4.  L.  S.  .Tones.  S.  E.  '-i  :  8-inch  drive  pipe,  .")8  feet;  5% 
casing,  415  feet.  Top  of  sund,  99U  feet.  First  pay  2  feet  in.  Total  depth, 
1010  feet 

Well  No.  r,.  L.  S.  Jones.  S.  E.  U :  8-inch  drive  pipe.  47  feet;  .'5% 
easing,  414  feet  Top  of  sand,  988  feet.  First  pay  at  12  feet  in  sand.  Show 
of  oil  at  16  feet  .Salt  water  at  18  feet  ToUl  depth,  1031  feet  Elevation, 
831  feet  Drilled  41  feet  in  sand.  Production,  salt  water.  Plugged  June  17, 
1918. 

Section  21.  Well  No.  1.  Elizu  i'.  Thompson.  N.  E.  corner  of  S.  W.  % : 
8-ineh  drive  pipe,  67  feet;  5%  easing,  425  feet  Top  of  sand,  1007  feet;  28 
feet  in  sand.    No  .^showing  of  oil.    Plug-ped  November,  1918. 

Section  27.  Well  No.  1.  Raper  Hohnes.  N.  £.  corner  of  the  S.  W.  14 : 
8>indi  drive  pipe,  87  feet;  5%  casing,  420  feet.  Top  of  sand,  1028  feet.  Bot- 
tom of  sand,  1067  feet.  Show  of  oil  26  feet  in  sand,  not  shot  Production  all 

salt  water.    Plugged  June  21.  1918. 

Section  28.  Well  No.  1.  Louisa  Beard.  S.  E.  %:  8-inch  drive  pipe.  32 
feet;  6%  casing,  410  feet.   Top  of  sand,  1001  feet   First  pay  10  feet  in. 

Total  depth,  1021  feet. 

Well  No.  1.  A.  .1.  (lophart.  S.  E.  corner  N.  E.  'i  :  8-inch  drive  pipe, 
70  feet;  b%  casing,  425  feet.  Top  of  sand,  10U7  feet.  Total  depth,  1028  feet 
In  sand  21  feet  Production  first  24  hours,  1  barrel. 

Section  29.  Well  No.  1.  Catherine  Beard.  W.  >4  S.  W.  :  8-inch  drive 
pipe,  28  feet  4  inches;  6%  casing,  412  feet  10  inches.  Top  of  sand,  999  feet 
Total  depth,  1038  feet  Pay  all  way  along;  water  at  1038  feet 

Section  29.  Well  No.  1.  Calvin  Perdue.  N.  %  of  S.  E.  U :  8-inch  drive 
pipe,  22  feet;  .5%  ca.^ing,  40n  feet.  Top  of  sand,  968  feet.  In  .sand  25  feet. 
ToUl  depth,  993  feet.  Drilled  January,  1919.  Production  first  24  hours,  15 
barreb. 

Well  No.  2.  Calvin  Perdue.  N.  E.  domer  S.  E.  \k  :  8-inch  drive  pipe, 
23  feet;  6%  casing.  404  feet  Top  of  sand,  995  feet  In  sand  32  feet.  Total 
depth,  1027  feet  No  showing  of  oil.  Drilled  March.  1919.  Elevation  of 
month  above  sea  level,  886  feet 

Wells  abandoned  in  this  township  aro  as  follow-; :  .Section  3,  1  well;  Sec- 
tion 4,  1  well;  Section  12,  1  well;  Section  20,  1  well;  Section  24,  2  wells;  Sec- 
tion 26,  6  wells;  Section  26,  2  wdls;  Section  29,  1  wdl;  Section  81, 18  welb; 
Section  34,  9  wells;  Section  85,  4  wdls;  Section  86,  19  weUs. 
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JACKSON  COUNTY. 

The  bed  rock  in  the  eastern  part  of  Jackson  County  belongs  to  the  New 
Albany  shale  division  of  the  Pevonian:  the  rrmaindrr  of  the  county  is  occu- 
pied by  the  Knobstone  division  of  the  Mississippiun.  The  northwest  portion 
lies  witiiin  the  ungrlaeiated  r^on  and  the  remainder  of  the  county  ie  corered 
with  drift  V8ryin.(<:  in  thicknr^s  from  a  few  foot  to  more  than  one  hundred  foot. 
In  the  region  not  covered  with  glacial  drift  the  study  of  structural  conditions  is 
difficult  becaufie  of  the  absence  of  persistent  layers  of  rock  in  the  Knobstone. 


Flc.  CXXVIII.    Outllno  or  II  Htnirtiirc  in  .tjick'-oi)  Cniinty,  Owen  Towiuhlpt   Coutmetid  from 
data  secured  by  U.  11.  lluKh<  H.    I'rcibably  not  a  definite  anticline  bat  m  thoillder. 
Key  fomation,  a  Icni  of  limcatone  in  the  KnolMtoBe. 


In  the  region  west  of  Brow  t  im  i,  there  is  a  layer  of  limestone,  a  led^  in 
the  Knobstone,  and  an  aeconipunyini;  bed  of  sandstone,  which  may  be  iisM 
for  a  datum  plane  for  thr  ro«-ist(  i  Inv,  of  the  structure.  Using  this  limestone 
and  the  sandstone,  Mr.  O,  H.  Hu^^ln  -  locatod  a  small  terrace  or  shoulder  which 
is  represented  on  the  uccompunying  niup.  it  is  possible  that  under  the  proper 
stnutures  oil  or  gas  may  be  found  in  tiie  Devonian  or  in  tiie  Trenton  in  this 
eoonty.  The  Trenton  lies  below  the  surface  in  the  county  at  a  depfli  of  from 
1^  to  1,500  feet. 


Hand  Book  of  Indiana  Geology 


915 


The  foUowing  is  the  record  of  a  well  drilled  at  Brownstown; 

Section  of  Wdl  No.  L 


Drift    43  fe€t 

Knobstoiie  shale    276  feet 

Devonian  shale   147  feet 

Corniferous  and  Niagara  limestone   225  feet 

Hudson  River  and  Utica   658  feet 

Trenton  limei>ione   100  feet 

Total  depth  1448  feet 


Yielded  no  gas  but  at  a  depth  of  1371  feet  a  slij^t 
flow  of  oil  was  obtained. 

The  following  is  the  record  of  a  well  drilled  at  Seymour; 

Section  of  Wdl  No.  1. 


Drift    75  feet 

Sub-carboniferous  sandstone    16  feet 

Devonian  shale    115  feet 

Corniferous  limestone  .*   20  feet 

Niagara  limestone   190  feet 

Hudson  liiver  limestone  and  shale   520  feet 

Utica  shale  ,   165  ftet 

Trenton  limestone   94  feet 

Total  depth  U94  feet 


JASPER  COUNTY. 

The  northwestera  extension  of  the  Cincinnati  Arch  passes  through  this 
county  and  the  strata  in  the  southern  part  of  the  county  dip  in  the  opposite 
direction  to  those  of  the  northern  portion  of  the  county.  Differential  move- 
ments in  the  urch  have  produoed  structures  favorable  to  the  accumulation  of 
oil  and  gas.  These  .'•tructurcs  occur  for  thr  most  part  on  the  north  side  of  the 
arch.  Since  the  bed  rock  is  covered  with  u  mantle  of  glacial  drift  ranging 
in  thickness  from  five  to  more  than  one  hundred  feet,  tiiese  structures  cannot 
1>f  locatcfl  by  surface  examinations.  For  this  reason  prospecting  operations 
have  been  conAned  to  the  drill.  Such  prospecting  has  not  been  so  expensive  in 
this  county  W)  aeeount  of  the  oil  sand  beinff  found  at  shallow  depths.  The 
geological  formations  underlying  the  drift  bclonp  to  the  silurian,  Dovonian, 
Mississippian,  and  the  Pennsylvanian  periods.  Several  small  oil  pools  occur  in 
this  county,  the  oil  heinir  drawn  from  the  Devonian  strata  at  shallow  depths. 
The  map  shows  the  location  of  these  oil  fields.  Many  of  the  wells  indicated 
as  producing  wells  have  been  abandoned  since  the  map  was  prepared  or  priev 
to  it 

The  following  is  the  seetion  of  a  wdl  drilled  at  BentingUm*: 

Section  of  Wdl  Now  1. 


Drift    5  feet 

Devonian  .shale   85  feet 

Corniferous  limestone   50  feet 

Niagara  limestone   2/60  feet 
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Httdson  Riv«r  and  Utica   570  feet 

Trenton  limestone   295  feet 


Total  depth 
Yielded  no  gas. 
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Fig.  CXXIX.    Mai>  xhuwiiiK  locn'icni  <><  i  il  w.  lt-  in  tht'  J».H|<i-r  County  lieUI  near  Giffuril. 

JAV  COUNTY. 

The  Silurian  forms  the  bed  rock  in  this  county  and  outcrops  along  the 
Wabash  River  near  the  north  line  and  on  the  Salamonie  near  Porthind.  '^The 
lied  rock  is  largely  con  <  .11  by  the  glacial  drift  which  has  a  thickne.-^s  of  25  to 
12'>  fret.   The  (rr>neral  ^a>ologic  conditions  as  represented  in  a  well  dxillpd  at 

Portland  are  given  below: 

ffayne  Township. 

Section  of  Portland  Well  No.  1. 

Drift    58  feet 

Niagara  limestone   192  feet 

Shales   740  feet 

Trenton  limetitone   500  feet 

St  Peter   20  feet 


Total  depth  ..1510  feet 
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A  small  flow  of  gas  and  oil  yiddin^  25  barrda  a  day  was  oMalned.  Five 

wells  drilled  near  Portland  reached  the  Trenton  at  17,  )S3,  fi2,  fi7,  and  71  feet 
below  sea  level.  Oil  was  obtained  from  sections  5,  6,  10,  21,  and  26,  and  gas 
trmn  6, 6, 10, 17, 21,  and  22. 

Riehkmd  Twmahip.   At  Sed  Key  the  Trenton  was  reached  at  900  feet 

and  a  flow  of  >ras  a  few  feet  below  the  top  of  the  Trenton  resulted.  At 
Dunlcirk  the  Trenton  wvm  reached  at  925  feet  and  a  flow  of  &,00U,000  cubic  feet 
of  gas  obtained.  A  second  wdl  readied  the  Trenton  at  930  feet  and  prodtieed 
a  strong  flow  of  gas  at  965  feet  A  section  of  this  wdl  is  given  bdow: 


Vig,  CXXX.  nf  J»y  Ciiuiity  -thcwink'  lirntinn  .  f  iiliia;il<iru<l  wrlls.    Oil  tmiluiy  lii  thi-  nmtlitin  tier  of 

townships.    Gas  in  the  central  i>!iit  iiml  iti      ^ll  i  ii  part  nf  Knox  Township.    Sec  laricc  mnp. 


Section  of  Dunkirk  Well. 


Drift   ;   60  feet 

Niagara  limestone    230  feet 

Hudson  River  and  Utica   640  feet 

Trenton  limestone   25  feet 

Total  depth    955  feet 


Oil  wat?  obtained  in  this  township  in  .sections  K^,  Hi.  21,  2-">,  28,  and  36, 
and  gas  in  9,  24,  and  2C.    Wells  have  been  abandoned  as  follows:    Section  2, 


918 


Department  of  Conservation 


1  will;  section  12,  1  well:  >rction  13,  1  well;  section  28, 1  wdl;  netko  24, 1 

well;  section  26,  1  well;  section  29,  5  wells. 

Penn  Totvnship.  At  Camden  the  Trenton  is  reachfld  at  935  feet  and 
gas  at  998  feet  The  average  depth  of  the  drift  at  Caraden  la  86  fSMt  and 

the  averapre  depth  of  thr  Trenton  925  feet.  Nearly  all  the  sections  in  this 
township  have  piuduced  oil  or  gas  or  both.  Wells  have  been  abandoned  in 
section  1, 1  wdl;  section  2, 1  well;  section  6, 4  wells;  seetion  8,  9  wdls;  secthm 
14,  1  well;  section  21,  3  wells;  seetion  26, 1  welL  i 

Jeffr-rmn  Toitn.thip.  Gas  is  reported  to  have  been  found  at  Coneo  in  this 
township.  The  following  wells  were  drilled  and  plugged:  Section  32,  1  well; 
section  86,  8  wdls;  section  86,  4  wells. 

Gri'4'ne  Tou  tixliip.  Oil  wa.s  obtained  in  sections  8,  17,  20,  and  24,  and 
gas  in  4,  5,  6,  7,  18.  19.  20,  23,  26,  28,  31,  32,  34,  and  35.  Wells  were  aban- 
doned in  section  7,  1  well. 

Jaek$on  Towiuthip.   Oil  was  obtained  in  tfiis  township  from  sections  1,  2, 

3,  4,  5,  6,  7,  8,  9,  10,  11,  12,  13,  14,  l.'^.  16,  17,  19,  22,  23,  24,  25,  26,  27,  28.  30, 
31,  32,  33,  35,  and  ;U;.  Gas  was  obtained  in  sections  7,  18,  19,  20,  21,  25,  29, 
80,  and  32.  Wells  liave  been  plugged  in  section  3,  1  well;  section  4,  1  well; 
seetion  11, 1  well;  section  12,  6  weDs;  section  14,  2  wdls;  section  17,  2  wdls; 
section  24,  1  well ;  section  31,  1  well. 

Knox  Totriuihip.  Oil  was  found  in  sections  1,  4,  11,  and  gas  in  sections 
1,  2,  26,  and  36.   Wells  have  been  abandoned  in  section  1,  2  wells. 

Pike  Towtuhip.  Oil  was  found  in  seetions  7,  8,  and  84.  Wdls  haye  been 
abandoned  in  ( <  t  inn  23.  1  well;  section  36, 2  wells.  Recently  wdls  were  drilled 

in  this  township  as  follows: 

James  Tharp  No.  1.    N.  E.  14,  N.  W.  Vi,  Section  29,  Township  22  N., 


Sange  14  E.: 

Mud,  sand  and  gravel   189  feet 

Limestone    91  feet 

Slate  and  shale   800  feet 

In  Trenton  limestone   80  feet 


Total  (ioiKh  1100  feet 

Grant  Whitenack,  No.  2.  S.  E.  %,  N.  W.  M,  Section  28,  Township  22  N., 
Range  14  E.: 

Mud,  sand  and  gravel   187  feet 

Limestone   203  feet 

Slat«  and  shale   690  feet 

In  Trenton  limestime  •  80  feet 


Total  depth   1050  feet 

Cornelius  Whitenack  No.  2.  N.  E.  hi,  N.  W.  Section  28,  Township 
22  N.,  Range  14  E.: 

Mud,  sand  and  gravel   140  feet 

Umestone   .•   690  feet 

Slate  and  .<hale   691  feet 

In  Trenton  limestone   82  feet 


Total  depth  1553  feet 
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Wells  drilled  by  Union  Hrat,  Li^ht  anrl  Power  Company. 

Noble  Towmhip.  Oil  occurred  in  sections  3,  4,  5,  17,  and  27.  Gas  in 
seetions  8  mid  17. 

Btar  Cfwk  Townahip.  At  Bryant  the  top  of  the  Trenton  is  1,020  feet  or 
160  feet  below  sea  level.  Oil  was  obtained  :u)  feet  below  the  top  of  the  Tren- 
too.  The  following  are  the  records  of  two  wells  drilled  on  the  Kuhn  lease, 
in  the  southwest  quarter  of  aeetioii  28: 

Well  No.  7    Well  No.  2 

Drive  pipe  (drift)   78  feet      104  feet 

Casing    245  feet      288  feet 

Top  of  Trenton  1004  feet     907  feet 


Total  depth   1050  feet     1048  feet 

The  record  of  a  well  drilled  by  W.  J.  Heeter  in  section  3  is  given  as 
follows: 

Drift    73  fe«t 

White  limestone   131  feet 

White  slate   10  feet 

White  lime   20  feet 

Slate  (shale)    30  feet  . 

Limestone   15  feet 

Slate   40  feet 

Blue  lime    5  feet 

White  slate   75  feet 

Bine  lime   10  feet 

White  slate   305  feet 

Brown  shale   300  feet 

BiMdc  slate   12  fM 

Trenton  rode   60  fiset 

TMal  depth   1076  feet 


Showing  of  oil  at  20  fleet  in  Trenton.  Salt  water, 

strong  flow. 

Oil  was  obtained  in  sections  1,  2,  4,  5,  6,  7,  8,  9,  10,  11,  12,  1.3.  Ifi,  17, 
18,  21,  24,  30.  and  31,  and  gas  in  sections  14,  18,  19,  22,  26,  27,  29,  30,  31, 
and  34.  Wells  have  been  plugged  in  section  8, 1  wdl;  section  6, 1  well;  section 
8,  1  well;  section  9,  4  wells;  section  10,  2  wells;  section  14,  4  wells:  section  16, 
2  wells;  section  17, 1  well;  section  20,  3  wells;  section  26,  2  wells;  section  27,  2 
weQs;  section  88, 1  well. 

Wabash,  TotVTisliij).  Oil  was  found  in  sections  3,  4,  5,  6,  7,  8,  17,  18,  19, 
and  :i2;  and  gas  in  19.  Wells  have  been  plugged  in  section  7,  1  well;  section 
18,  5  wells. 

Wdl  Ko.  2,  Bon  Haey  Farm. 


Gravel,  sand  and  mud   50  feet 

liimestone    200  feet 

Slate  and  limestone   300  feet 

Slate   800  feet 

Brown  diale   160  feet 


DiQiii^  by  Google 


920 


Department  of  Conservation 


Gray  shale   25  feet 

Top  of  Trenton  1026  feet 

Into  Trenton   45  feet 

MiifUstnt  Tnn  xslii/i.  \\\ll>  have  been  drillofl  at  vai  ious  point>  in  thi.-- 
township.  Four  welU  were  drilled  and  abandoned  in  section  33  and  1  in 
8ectton  28. 


JEFFERSON  COUNTY. 

The  strata  which  outcrop  in  JctTcrson  County  bi'lonp  to  the  Onlovician. 
Silurian,  Devonian  and  (juaternury  pcriod.s.  The  i»ubdivi.sion.s  us  given  by 
CnmminRB,  Sicbenthal  and  others  are  given  in  the  following  outlines: 


QiMtemary . 


Devonian . 


Silurian . 


itiilt'vii'iiin. 


^Recent— clays  and  alluviinn 
[Pleislnrone— Hand  itravel  and  till 

Nfw  Albany-  -shales 

KellereburK— limestone 

.Silver  Creek  liincstuiie 

Jeffersonville  —limestone 
I  Louisville— limestone 

Waldron  shiiW 
■•  Laurel— limestone 

Osgood—limestone  snd  shale 

Brassfield  -H^iuleH 


f 


Kichmond— shales 


KIkhom 

Whitewater 

8aluda 

Liberty 

Wayncaviile 

Amheim 


iMt.  Auburn 
Corryville 
I  Marysville— shales  :  Belleviio 
I  I  Fairmount 

,Mt.  Hope 


Eden— Kha'es 


I.McAIjcken 
I  Southgate 

lOcononiy 
,  Fulton 
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The  Quaternary  covering  in  this  county  varies  in  thickness  from  a  few 
feet  to  fifty  feet  Sufficient  outcrops  of  the  bed  rock  may  be  obtained  to 
determine  the  stmetare.  Probably  the  best  key  horizon  for  the  west  pert  of 
the  county  will  be  the  contact  between  thr  Srilersburfr  limestone  and  the 
New  Albany  shale.  Farther  east  the  Laurel  or  the  Louisville  limestone  might 
be  wed.  Some  gas  has  been  obtained  from  near  Folts  in  tiie  Niagara  lime- 
stone. These  wells  were  reported  to  have  a  pressure  of  20  pounds  in  1914. 

Middle  Fork  Well. 

In  1920  a  well  was  drilled  abottt  one  and  one  half  miles  southeast  of 
Middle  Fork  and  one  fourth  mile  east  of  the  Pennsylvania  railroad,  about 
Section  R.  10  E.,  T.  4  N.  The  elevation  of  the  well  is  about  795  feet 
above  .sea  k  vcl.  Water  was  encountered  at  90,  1,470,  1,635,  1,835,  1,966,  2,060, 
and  2,595  feet.  The  record  of  the  well  is  as  follows: 

Soil  and  clay   7  feet 

Hard  lime  (Devonian)  148  feet 

Shale   25  feet 

Lime  (Louisville)    50  feet 

Broken  lime   25  feet 

Shale  (Waldron)    50  feet 

Lime  (Laurel)    50  feet 

Broken  lime  and  shale  ■   50  feet 

Shale   40  feet 

Broken  lime   60  feet 

Shale    200  feet 

Limy  shale   60  feet 

Shale   ; . .  150  feet 

Lime  (Trenton)    520  feet 

Sand  (St  Peter)    80  feet 

Sandy  lime  (St.  Peter)    65  feet 

Sand  (St.  Peter)    116  feet 

Lime  (Lower  Magnesian) . . .  ^   250  feet 

Sand  (Lower  Magnesian)   4:>  feet 

Lime    22h  feet 

Sandy  lime   50  feet 

 :   800  feet 


Total  depth   3000  feet 

The  surface  of  the  Trenton  is  about  156  feet  below 
level. 


JENNINGS  COUNTY. 

The  strata  which  outcrop  in  Jennings  County  are  given  in  the  table  bdow: 

Quaternary  /  ^''^^^^'"^^VMicltta]  clays  and  alluvinm 

\  Pleistocene— gravels,  sand  and  till 

f  New  Albany— -hali  s 

DgyQni^  )  Sellersburg — limestone 

Silver  Oeek— limestone 
Jeffersonville— limestone 

Silurian   LonisviUo  limestone 
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The  Devonian  and  the  Silurian  strata  are  largely  concealed  by  the 
surficinl  dopo.'^its  of  <lrift  and  alluvium,  but  enough  outcrops  have  been  ob- 
tained to  enable  ihe  construction  of  a  structural  map  covering  a  large  part 
of  the  county.  See  page  156.  The  field  work  in  the  preparation  of  the  map 
was  done  by  Dr.  C.  A.  Malott  and  P.  B.  Stockdale,  members  of  the  field  i»ar^ 
of  1919. 


l-'ik'.  CXXXI.  U«|>  "f  a  i"<rtion  of  JcntlillKS  and  Jelferiu>n  ci>un(i<i«  shuwini;  structural  ron- 
tonra  drawn  on  the  eonUct  of  tte  Sdlerabunc  tlmcttOBe  snd  New  AllMaiy  •hate.  DaU  collected 
tv  a  A.  HUott  md  P.  B.  Sloddal*. 
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Gas  has  been  obtained  at  North  Vernon  in  wells  drilled  on  structure, 
thoa^  periu^  not  on  tlie  best  part  of  It  A.  record  of  one  of  tiie  wells  is 
giyen  Mow*: 

Section  of  Wdl  No.  1. 


Surface  clay   11  feet 

Ck>miferous  limestone    28  feet 

Niagara  limestone   282  feet 

Clinton  (?)  limestone   29  feet 

Hudson  River  limestone   440  feet 

Utica  shale   220  feet 

Trenton  limestone   470  feet 


Total  depth   1460  feet 

Trenton  bdow  tea  level   258  feet 


Yidded  medimn  flow  of  gas. 

JOHNSON  COUNTY. 

The  subsurface  rocks  of  Johnson  County  consist  of  the  New  Albany  black 
.  shale,  which  occupies  the  eastern  portion  of  the  county  and  the  Knobstone 
group  occupying:  the  western  part.   The  surface  is  covered  with  glacial  drift. 

A  well  drilled  in  Nineveh  Township  about  nine  miles  south  of  Franklin 
reached  the  Trenton  at  1,273  feet;  the  first  60  feet  of  the  Trenton  was  porous 
and  eontained  a  diowing  of  oil.  It  was  a  wiMeat  well  diQled  without  any 
reference  to  structure.  The  Trenton  was  paned  thr0U|^  at  1^20  feet*  show- 
ing 547  feet  of  Trenton  at  this  point 

The  Trenton  limestone  was  reached  in  the  sontheastem  part  of  the  coon^ 
at  087  feet;  in  tile  central  part  at  lfi42  feet,  and  in  the  north  central  part 
at  1,220  feet. 

The  following  are  the  records  of  some  of  the  wells  drilled  in  the  county: 
Vandivin  Well  No.  1,  Section  i),  Nineveh  Township. 


Drift  to  16  feet 

^     Sandy  lime  to    96  feet 

Gray  shale  to  285  feet 

Slate  to  295  feet 

Red  rock  to  827  feet 

Sandy  lime   to  5,15  feet 

Brown  shale  to  425  feet 

JeffersonviUe  Ume  to  702  feet 

Gray  shale   to  701  feet 

Brown  lime  to  745  fret 

Gray  shale  to  75U  feet 

Gray  Ume  to  795  feet 

Slate  to  953  feet 

Dark  brown  lime  to  977  feet 

Slate   to  898  feet 

Gray  lime  to  1017  feet 
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Slate   to  1022  feet 

Gray  lime  to  1072  feet 

Slate  to  1077  feet 

Gray  lime  to  1082  feet 

Slate   to  1097  feet 

Brown  lime  to  1105  feet 

Gray  lime  to  1107  feet 

Skte  to  1273  feet 

Trenton  rock   to  1830  feet 

This  well  showed  some  oU  in  the  first  15  feet  of 

Tienton  rock. 

HulUdore  Well  No.  1,  Section  8,  Nineveh  Township. 

Drift   to  '}4  feet 

Gravel  to  .'^7  feet 

Hardpan   to  65  feet 

Gray  shale   to  100  feet 

Gray  lime  to  lOB  feet 

Gray  shale   to  160  feet 

Lime   to  165  feet 

Brown  shale  to  261  feet 

JefTersonville  lime   to  440  feet 

Gray  shale   to  445  feet 

Gray  lime  to  482  feet 

Gray  shale  to  487  feet 

Gray  lime  to  531  feet 

Gray  shale   to  766  feet 

Slate   to  84.'?  feet 

Gray  lime   to  848  feet 

Utiea  diale,  dark  gray  to  1129  feet 

Trenton  rock  to  1164  feet 

Drilled  28  feet  in  the  Trenton.  Small  showing  of  oil 
in  the  first  five  feet  of  rock. 

A  well  drilled  at  Franklin  was  reported  by  Dr.  D.  A.  Owen  as  follows: 

Drift    170  feet 

Black  shale    M  feet 

Blue  and  gray  limestone   71  feet 

Sandstone    27  feet 

Blue  shale  (upper  Niagara)   28  feet 

Gray  and  white  limestone   120  feet 

Greenish  blue  .shale  varying  to  black   597  feet 

Trenton  limestone   71  feet 


Total  depth   1113  feet 

Altitode  of  well   786  feet 


A  well  drilled  in  the  southeastern  part  of  the  county  at  Edinburg  is  re- 
ported as  follows: 
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Drift   :   115  feet 

Shale    20  feet 

Limestone   220  feet 

Shale    622  feet 

Trenton  limestone   500  feet 

Shale    83  feet 

White  sandstone   .'   10  feet 

Total  depth  1580  feet 

Altitude  of  well   f.70  feet 

A  well  was  drilled  at  Greenwood  the  record  of  which  is  as  follows: 

Drift    210  feet 

Black  shale   90  feet 

Limestone    280  feet 

White  shale   40  fset 

Gray  shale   300  feet 

Dark  Utica  shale   300  feet 

Trenton  limestone   55  feet 

St.  Peter  sandstone    200  feet 


Lower  Macnesian  limestone. 


KNOX  COUNTY. 


This  county  lies  in  the  area  occupied  by  the  strata  of  the  Pennsylvania 
division,  but  tiiese  bed  rock  strata  are  covered  with  a  mantle  of  glacial  drift 
and  alluvitim  which  varies  in  thickness  frmn  twenty-flve  to  more  than  one 
hundred  feet,  so  that  the  determination  of  structure  by  direct  observational 
methods  is  not  possible.  Subsurface  work  will  depend  upon  the  amount  of 
data  secured  from  well  records.  T»  secure  a  sufficient  number  of  such  records 
will  require  a  large  amount  of  wild  cat  drilling.  A  well  drilled  about  eight 
miles  south  of  Vincennes  has  produced  some  oil  and  the  prospects  of  the 
extension  of  favorable  structures  north  of  the  Gibson  County  line  are  encour- 
aging. It  may  be  possible,  by  using  data  from  ecal  mines,  wdls,  etc.,  to  outline 
the  structure  on  some  of  the  coals. 

Washington  Townnhip.  A  well  drilled  in  the  southeast  quarter  of  section 
30  readied  a  dry  sand  at  1,252  feet 

Decker  ToiviKihip.  A  well  was  drilled  on  the  property  of  J.  Cunningham 
in  section  12  and  plugged  in  1912.  No  record  of  the  well  has  been  obtained. 


Record  of  Bore  Northeast  of  Vincennes. 


Drive  pipe  to  bed  rock .  .  to  45  feet 

Yellow  standstone^  to  80  feet 

Slate  and  shale. .to  196  feet 
Sandstone,  limestone  and 

shale  to  335  feet 

Coal   to  340  feet 

Blue  limestone  to  350  feet 

Light  shale   to  360  feet 

Soapstone   to  390  feet 

Limestone   to  425  feet 


Lifrht  shale   ,to 

Sandstone  ............ .to 

Slate  and  shale  to 

Fire  clay   to 

Blue  shale  to 

Limestone   to 

Blue  slate   to 

Black  shale   to 

Sandstone   to 


435  feet 
465  feet 
486  feet 

505  feet 
520  feet 
626  feet 
545  feet 
565  feet 
580  feet 


Soapstone   to  690  feet 
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Slate   to   625  feet 

Ldmewtoiie  and  slates. . .  .to  640  feet 
White  sandstone  and  salt 

vate   to   670  feet 

Slate  end  shale  to  700  feet 

Bine  limestone   to  702  feet 

Soapstone  and  shale.... to  785  feet 
White  sandstone  and  salt 

water   to   800  feet 

Sandstone   to   816  feet 

Sandstone     and  &hale 

alternately   to  940  feet 

lomestone  ,  to   '.>r>0  ft  et 

Black  slate   to   980  feet 

Sandstone   to  1000  feet 

Slate   to  1020  feet 

Streaks  of  slate  and  lime- 
stone  to  1180  feet 

Sandstone  to  1180  feet 

Shale   to  1200  feet 

Sandstone   to  1292  feet 

Shale   to  1298  feet 

Gray  limestone  to  1310  feet 

Shale   to  1315  feet 

So^stone  to  1825  feet 


Shale  to 

Bhie  limestone  to 

White  sandstone   to 

Shale   to 

Bhie  limestone  to 

Slate   to 

Red  rock  to 

Sandstone  and  salt  water.to 

Shale  (cased)   to 

Gray  limestone   to 

Shale   to 

Bhie  limestone  to 

Slatp  and  shale  to 

Sandstone    and  sulphur 

water   to 

Sl&t>6  ■  ■  •  •  tiO 

Shale   to 

Gray  limestone  to 

Shale  and  gray  Umcstone.to 

Red  rock   to 

Hard  gray  limestone. . .  .to 

Soapstone   to 

Gray  limestone  to 

Soapstone  to 


1886  feet 
1840  feet 

1365  feet 
1375  feet 
1885  feet 
1400  feet 
1410  feet 
1430  feet 
1535  feet 
1655  feet 
1660  feet 
1666  feet 
1690  feet 

1740  feet 

1750  feet 
1755  feet 
1765  feet 
1820  feet 
1825  feet 
1840  feet 
1845  feet 
1850  feet 
1860  feet 


Vineennes  Artesian  Salt  Wdl. 


Sand  and  (rravd   80  feet 

Sandstone   .  .   1R  feet 

Soapstone   iUU  feet 

Hard  pebble  rock   10  feet 

Sandy  shale   15  feet 

Soapstone   82  feet 

Blue  sandstone   86  feet 

Sandy  dude   20  feet 

Soapstone    10  feet 

Coal    8  feet 

Soapstone   18  feet 

Coal    5  feet 

Soapstone    18  feet 

Black  shale   41  feet 


Soapstone    188  feet 

Coal   5  f eet 

Limestone   10  feet 

Blue  shale    27  feet 

Ulack  slate    30  feet 

Soapstone  and  shale. .......  80  feet 

Sandstone    16  feet 

Slate  and  soapstone   75  feet 

Sandstone  and  salt  water..  25  feet 

Slate  and  shale   95  feet 

Sandstone    175  feet 

Shale  and  black  slate   140  feet 

Sandstone    96  feet 

Total  depth  1886  feet 


Well  No.  1  on  the  Geo.  Ryan  farm,  200  feet  N.,  200 'feet  to  west  line. 
Section  36,  Twp.  2  N.,  R.  11  W.  Knox  County.  Oct.  8,  1919.  Well  plugged 
and  abwndpwtdi 


Soil   to      6  feet 

Gravel   to     10  fi  ot 

Slate,  white  to  '  175  feet 

White  lime  to  179  feet 

Slate,  Uack  to  185  feet 


White  lime  to  196  feet 

Slate  to  310  feet 

Lime  ,  to  315  feet 

Slate  to  840  feet 

Lime  to  848  feet 
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360 

feet 

to 

480 

feet 

in 

500 

feet 

,  ,  .  .to 

540 

feet 

Rl-inb  clato 

tn 

600 

feet 

.  . .  .to 

624 

feet 

tn 

635 

feet 

,   .  to 

655 

feet 

tn 

673 

feet 

tn 

675 

feet 

tn 

710 

feet 

tn 

716 

feet 

to 

746 

feet 

to 

775 

feet 

.  . ,  .to 

781 

feet 

White  slate  

 to 

840 

feet 

to 

865 

feet 

,  to 

900 

feet 

,  to 

904 

feet 

.to 

960 

feet 

.  . .  .to 

1060 

Jl  WIV 

feet 

to 

1080 

feet 

to 

1100 

feet 

SIntP   

to 

1120 

feet 

Sand,  hole  full  of  water. to 

1 1 45 

feet 

to 

1195 

feet 

to 

1215 

feet 

to 

1220 

feet 

1222 

feet 

 to 

1310 

feet 

Sand  

to 

1350 

feet 

to 

1365 

feet 

to 

1370 

feet 

to 

1395 

feet 

to 

1400 

feet 

,  to 

1405 

feet 

to 

1440 

feet 
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Lime,  hard   to  1442  feet 

Slate  to  1460  feet 

Sand   to  1466  feet 

Slate   to  1485  feet 

Sand   to  1545  feet 

Lime  to  1551  feet 

Slate   to  1558  feet 

Lime  to  1564  feet 

Slate   to  1600  feet 

Lime  to  1615  feet 

Slate   to  1635  feet 

Red  rock   to  1643  feet 

Lime   to  1648  feet 

Sand   to  1653  feet 

Slate  to  1675  feet 

Sand,  hole  full  of  water,  .to  1727  feet 

Slate  to  1735  feet 

Lime  to  1753  feet 

Slate   to  1759  feet 

Sand   to  1772  feet 

Slate  to  1777  feet 

Brown  lime  to  1808  feet 

Lime   to  1814  feet 

Sandy  lime,  oil  to  1818  feet 

Sand   to  1824  feet 

Red  Rock  to  1827  feet 

Lime   to  1838  feet 

Sand   to  1850  feet 

Lime   to  1868  feet 

Dark  lime   to  1882  feet 

Lime  .shell,  volites  to  1894  feet 

White  lime   to  1897  feet 

Lime,  brown,  hard  to  1920  feet 

Lime,  soft  to  1930  feet 

Lime   to  2004  feet 


Total  depth  to  2004  feet 


KOSCIUSKO  COUNTY. 

Undcrlyinp  the  f^lacial  drift  which  covers  the  .surface  of  this  county  are 
strata  of  Devonian  a^e  con-istinfr  of  a  series  of  limestones  and  .shales.  The 
.strata  dip  northward  away  from  the  arm  of  the  Cincinnati  Arch,  which  passes 
throuffh  Indiana.  The  drift  attains  a  thickness  of  over  two  hundred  fifty  feet 
in  this  county. 

Warmtr.    The  record  of  a  well  drilled  at  Warsaw  is  jfiven  below: 

Drift   248  feet 

Limestone  (Silurian  and  Devonian)   652  feet 

Shale  (Ordovician)    487  feet 

Trenton  limestone   50  feet 


Total  depth 
Altitude  of  well 


1437  feet 
815  feet 
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Sjfracu-fc.  The  record  of  a  well  HrillcH  at  Syracuse  on  the  property  of  the 
Sandusky  Cement  Company  was  furnished  the  writer  by  Mr.  S.  B.  Newberry, 
president  of  the  company.  The  record  of  the  well  shows  sixty^tiiree  feet  of 
New  Albany  (Devonian)  shale  underlying  the  drift.  The  well  probably  ended 
in  the  JefTersonville  limestone  of  the  Devonian.  By  consulting  the  Warsaw 
well  record  above,  it  will  be  seen  that  the  total  thickness  of  the  Devonian  and 
the  Silurian  limestone  is  recorded  as  being  652  feet.  In  the  Elkhart  well  the 
New  Albany  .shale  has  a  thickness  of  215  feet,  which  is  to  be  expected  as  it 
is  down  in  the  basin  of  the  arch.  The  well  stopped  in  limestone  at  sixty-five 
feet  From  the  evidence  of  these  wells  the  Devonian  limestone  is  thicker  here 
than  in  the  southern  part  of  Indiana. 

Sand,  gravel,  clay  and  boulders   278  feet 

Gray  ami  dark  shale   63  feet 

Gray  argillaceous  limestone   42  feet 

Crystalline  gray  and  white  limestone  showing  oil. .  20  feet 

Total    408  feet 

I  Carbonate  of  lime   51.40 

841-861  feet  I  Carbonate  of  magnesia. .  11.93 

( InsoIuUe   82.40 

[  Carbonate  of  lime  72.00 

861-861  feet   |  Carbonate  of  magnesia. . 

(  Insoluble    17.50 

[  Carbonate  of  lime  66.60 

861-371  feet  ^  Carbonate  of  magnesia..  9.24 

(Insolable  ...21.24 

(  Carbonate  of  lime  48.60 

871-881  feet  |  Carbonate  of  magnesia  8.57 

[  Insoluble  37.87 

This  appears  to  be  similar  to  the  rcnu  rit  rork  of  southeastern  Indiana* 
but  of  much  greater  thickness  than  recorded  in  that  region. 

'  Carbonate  of  lime  71.60 

381-390  feet  I  Carbonate  of  magnesia..  23.52 

( Insolahle   8.86 

f  Carbonate  of  lime  76.40 

392-408  feet  {  Carbonate  ni  magnesia..  19JSi 

[insoluble   2.00 


LAGRANGE  COUNTY. 

Glacial  drift  occupies  the  surface  of  this  county  to  a  depth  probably 
varjring  in  thickness  from  100  to  200  feet  The  bed  rock  formations  consist 
of  strata  belonjrintr  to  the  Devonian  and  the  Mississippian  periods.  As  these 
formations  lie  to  the  north  of  the  Indiana  extension  of  the  Cincinnati  arch 
they  dip  toward  tiie  north. 

On  account  of  the  covering  of  the  glacial  drift  the  structural  conditions 
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of  the  bed  rock  cannot  be  determined  by  suriicial  observation.  The  possi- 
Mlity  of  oil  and  eras  aeemnnlations  are  connected  with  the  poesiUe  oeenrrancea 

of  terraces,  or  small  anticlines  in  the  strata  of  tho  northward  dipping  forma- 
tions.  These  can  be  located  by  means  of  well  records  only. 

LAKE  COUNTY. 

Silurian  and  Devonian  strata  undtrlie  the  ^lucial  drift  in  this  county. 
Beeauae  of  the  overlying  mantle  of  drift  strati^raphical  and  .structural  con- 
ditionfl  of  the  bed  rode  are  diffienlt  to  determine.  At  Crown  Point  the  Tnen- 
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Thayer  oil  flcM. 

ton  lies  919  feet  below  the  surface,  south  of  this  point  it  should  be  encountered 
nearer  the  surface  for  points  of  the  same  or  less  elevation  than  Crown  Point. 
At  the  north  it  will  be  found  to  lie  deeper  as  the  strata  dip  to  the  north. 

Center  Township.  The  following  is  the  record  of  the  well  at  Crown 
Point: 

Drift   17G  feet 

Black  shale   76  feet 

Limestone   433  feet 

Bluidi  green  ihale   65  feet 

«»-tOM2 
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Clinton  linirstonp    37  feet 

Bluish  green  Hudson  River  shale   122  feet 

Trenton  Umeitoiie  342  feet 

White  limestotie  (aandy)   89  feet 

Limestone    15  feet 

Total  d«|^th  1866  fwt 

Altitude  of  Well   73G  feet 

Trenton  below  sea  level   183  feet 

W('s-t  T'uriishi],.  The  following  is  the  record  of  a  well  drilled  on  the  farm 
of  Marion  l>riscoll,  Section  23,  T.  33  N.,  R.  9  E.,  Lake  County: 

Drift    73  feet 

Gray  limestone   

Bad  shale   


Limestone  .... 
Limestone  with 


Trace  of  oil 
Good  showir 


78  to 

596 

feet 

598  to 

607 

feet 

<N)7to 

640 

feet 

640  to 

706 

feet 

705  to 

7  If) 

feet 

71.')  t  o 

735 

feet 

735  to 

795 

feet 

TWto 

850 

feet 

850  to 

870 

feet 

870  to 

890 

feet 

800  to  1026 

feet 

906 

feet 

925 

feet 

1025 

feet 

Well  phiffged  August  18, 1914. 


LA  PORTE  COUNTY. 

Underlying  the  glacial  drift  in  this  county  are  strata  of  Devonian  afire. 
The  drift  attains  a  Ihicknfss  of  ihiw  hundred  feet  or  more.  The  dip  of  the 
bed  rock  is  toward  the  north.  The  drift  at  Laporte  has  a  thickness  of  295  feet 
and  overlies  black  shale.  At  Michigan  City  the  drift  is  260  feet  thick  and 
overlies  limestone. 

Michigan  Tou-vship.  The  drift  varies  fitwn  170  to  250  feet  and  overUes 

black  shale  anrl  limestone  at  Michigan  City. 

Center  Township.    A  deep  well  urillcd  at  Laporte  contained  the  following 


seetimi: 

Drift   296  feet 

Black  shale   125  feet 

Shale  and  limestone   460  feet 

Limestone    500  feet 

Trenton  limestone   520  feet 

St.  Peter  and  Low.  MaRnesian   600  feet 

Potsdam  sandstone   323  feet 

Total  depth  2828  feet 
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Fin.  CXXXIII.    Map  nhowln^  the  Itwation  of  oil  wdU  in  the  WiWi-r  oil  fit-Id  on  the  bonliT 

botwfcn  Laporto  nnd  Porter  count ivK. 

Galena  Tou  ituhip.  A  deep  well  was  drilled  on  the  property  of  O.  L. 
Sutherland  two  miles  east  of  Reason  in  section  2.  No  record  was  obtained  of 
this  well.    It  was  plupsred  in  1911. 

LAWRENCE  COUNTY. 

(ieologi/.  A  .«mall  portion  of  the  surface  in  the  eastern  part  of  the 
county  is  occupied  by  the  Knobstone,  the  remainder  of  the  Harrodsburff  lime- 
stone, the  central  portion  by  the  Salem  and  the  Mitchell  limestone  and  the 
western  portion  by  the  Chester  formations  and  the  Pottsville. 

Stntc(ure.  The  presence  of  the  Mount  Carmel  fault  and  the  Heltonville 
fault  in  the  eastern  part  of  the  county  produce  a  fold  extending  in  a  general 
north  and  south  direction  parallel  to  these  faults.  A  change  in  direction  of 
the  Mt.  Carmel  fault  at  Leesville  produces  an  anticlinal  area  .southwest  of 
Leesville  which  has  been  productive  of  gas  and  has  to  date  produced  a  show- 
ing of  oil  in  the  Corniferous.  The  wells  which  have  been  drilled  have  not  gone 
to  the  Trenton.  In  the  neighborhood  of  Heltonville  three  wells  have  been 
drilled  and  a  small  amount  of  gas  and  oil  obtained.  These  wells  arc  located 
near  the  fold  produced  by  the  down  throw  of  the  .strata,  but  the  structure 
seems  not  to  have  been  considered. 
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HtUonvUU  WeU.  In  191S  the  Bedford  Oil  and  Gas  Comiwny  driUed  three 

wells  near  Heltonville.  One  of  these  wells  was  drilled  to  a  depth  of  1707  feet, 
entered  the  Trenton  at  1,633  feet  and  encountered  a  showing  of  oil  at  about 
1,075  feet 

Record  of  Hdtonville  Wdl. 

Thickness  Depth 

Sui-face  soil,  etc   15  feet 

Shale  (Knobstone)    86  feet   100  feet 

Limestone  (lens  in  Knobstone)   60  feet    160  feet 

Sand  (7  feet  of  oil  sand)   20  feet    180  feet 

Shale    10  feet    190  feet 


Fiir.  CXXXIV.  StnwtiumI  awp  oT  «  portion  of 

Shale  (white)    310  feet 

Shale    100  feet 

Shale    40  feet 

Sand,  gas  and  oil  bearing   10  feet 

Shale    50  feet 

Limestone   15  feet 

Shale   S8  feet 

Oil  sand   3  feet 

Limestone  (water)    334  feet 

Shale    543  feet 

Trenton  limestone    74  feet 


Coantir. 

500  feet 
600  feet 
640  feet 
m  feet 
700  feet 
715  feet 
753  feet 
756  feet 
1090  feet 
1633  feet 
1707  feet 
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The  following  is  a  xeeord  of  Easton  Well  No.  1  drilled  in  the  same 

township:         '  ' 

Easton  No.  1  Well.   Plea^iant  Run  Tawntihip. 

Drift    20  feet 

Gravel   ,   6  feet 

Lime   5  fert 

Shale   ,   T6  feet 

White  mud   100  feet 

Lime    200  feet 

Black  shale   5  feet 

White  date   96  feet 

Brown  shale    40  feet 

Lime    70  feet 

Brawn  sand   16  feet  Mineral  water. 

Lime   i  '   15  feet 

Gray  sand   5  feet    Some  gas. 

White  sandy  lime   5  feet 

Blue  lime    90  feet 

Gray  sand   85  feet  Mineral  water. 

lime   100  feet 

Whittt  date   150  feet 

Lime    .5  feet 

Brown  shale   100  feet 

Broken  shale  with  lime   50  feet 

Brown  shale   240  feet 

Trenton  at  1540  feet 

Gray  sand  at  1620  feet  No.  oU,  16  foot  sand 

Li^rht  brown  sand  at  iTlf)  fort  6footsaiid 

Finished  at  1750  feet 

The  second  well  was  drilled  near  the  first  to  a  depth  of  1400  feet  and 
encountered  a  moderate  flow  of  gas  at  1,090  feet  A  ttiird  well  was  drilled 
about  a  mile  south  <rf  the  first  two  and  resulted  in  a  dry  hole, 

Flinn  Toienahip.  Gas  has  been  obtained  from  the  Corniferous  in  this 
township  in  sections  3,  4,  5,  and  28.  Four  of  these  wells  were  drilled  by  Mr. 
W.  H.  Wheitknecht  and  associates,  and  the  fifth  by  Mr.  Claude  Malott.  The 
following  are  brief  records  of  the  Wheitknecht  wells:  No.  1  is  located  in 
section  3,  No.  2  in  section  4,  and  No&  8  and  4  in  section  28.  No.  5  is  in 
section  5.  .  . 

No.l   No.2    No.8  Na4  No.5 

Elevation  above  sea          587      666      709      608  670 

Top  of  Corniferous   597      616      688      600  512 

t         Water    635       655      714       63W  660 

These  wells  were  all  drilled  on  the  east  side  of  the  structure  where  the 
strata  are  dipping?  toward  the  fault  line.  A  showing  of  oil  was  found  in 
two  of  the  wellrf.  The^e  wells  all  started  in  the  Knobstone  and  passed 
through  four  feet  of  Rockford  Goniatite  limestone  and  one  hundred  and 
twenty-five  feet  of  New  Albany  shale  and  about  thirty-eight  feet  of  Devonian 
limestone  before  readii&g  water.   A  slii^tly  dilTcrent  interpretation  of  the 
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well  reeords  might  modify  the  oatline  of  the  structure  shown  on  the  struc- 
tural map.  The  elevation  taken  on  the  contact  by  the  use  of  the  aneroid 
barometer  may  vary  slightly  from  the  true  elevations  but  probably  not  enough 
to  make  a  serious  change  in  the  structural  map. 

MADISON  COUNTY. 

The  eroded  surface  of  the  Niagara  limestone  underlies  the  glacial  drift  in 

this  county  and  niiiy  be  reached  at  from  five  to  one  hundred  and  fifty  feet. 
Gas  has  been  produced  in  every  township  and  oil  in  some  parts  of  the  county. 
The  oil  sand  is  readhad  at  from  MO  to  1^00  fset  The  surface  of  the  Trenton 
lies  between  100  feet  above  and  100  feet  bdow  sea  levd. 

And«r$&n  Townak^  The  record  of  a  wdl  drilled  at  Anderson  is  given 


belw: 

Drift    114  feet 

Niagara  limestone  and  shale   186  feet 

Clinton  (?)    20  feet 

Hudson  River  and  Utica   494  feet 

Trenton  limestone   24  feet 


Total  depth    838  feet 

Tr»-nton  above  sea  level   66  feet 


A  great  many  wells  were  drilled  in  this  township,  most  of  which  pro- 
duced gas. 

Boone  Township.  Wells  were  drilled  and  abandoned  in  section  11,  2  wells; 
section  10, 1  wdL 

UtmTO€  Township.  A  well  drilled  at  Alexandria  has  the  following  log: 


Drift    20  feet 

Niagara  limestone   261  feet 

Hudson  River  and  Utica  611  feet 

Trenton  limestone   5  feet 


Total  depth....   897  feet 

Well  No.  8,  B.  Markle,  Monroe  Township. 

Clay,  gravel  and  quidtsand   84  feet 

Limestone    246  feet 

Slate    608  feet 

Trenton  rock  at   923  feet 

In  Trenton   77  feet 

Total  depth  1000  feet 


Many  wdls  were  drilled  and  much  gas  and  oil  were  obtained  frpm  this 

town.ship.  Wells  have  been  abandoned  in  fection  2,  3  well.«;  section  4,  2  wells; 
'jection  8,  1  well;  section  10,  1  well;  section  12,  2  wells;  section  13,  1  well; 
section  15,  1  well;  section  19,  1  well,  seition  24,  2  wells;  section  27,  1  weU; 
section  82, 1  well;  section  88, 1  wdl;  section  84, 1  wdl. 
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In  the  eaatern  tier  and  in  Fall  Creek  Township,  oil  in  Richland  and  Monroe. 


.  DSPAKniBNT  OF  CON8BBVATION 

Van  Biireti  Township.   At  Summit,  th«  strata  encountered  are: 

Drift   w.«-ir  V- 96  feet 

White  lim^tone    45  feet 

Blue  limestone   105  feet 

Soft  bluish  green  shale   388  feet 

Black  shale   200  feet 

Trenton  limestone  45  feet 


Total  depth  :   971  feet 

An  oil  well  in  the  eastern  limits  of  Summit  yidded  120  barrds  per  day 
and  has  the  following  log:  '      '.  ' 

Drive  pipe  , ...  120  feet 

Casing   -440  feet 

Top  of  Tirnton   940  feet 

Total  d<'pth  1042  feet 

Wells  have  been  abandoned  in  the  following  sections:  Section  7,  1  well 
section  8,  1  well;  section  10,  1  well;  section  Vt,  1  well;  seetioa  21,  2  wells 
section  22,  2  wells;  section  20,  8  wells;  section  27,  6  wdls;  Mcftion  is,  1  well 
section  31, 1  well;  section  34,  6  wells. 

iJnrk  Cn  rk  Tou  n-sfiip.  A  well  drilled  on  the  WiUiMn  Shafer  farm  in  sec- 
tion 24  has  the  following  record: 

Drive  pipe    36  feet 

Casing  ..  228  feet 

Top  of  Trenton   938  feet 

Total  depth  1288  feet 

On^  well  has  been  plugged  in  secticm  14,  and  one  in  section  15. 

Pipe  Creek  Tmimehip.  _  The  following  strata  were  encountered  in  a  well  at 
Elwood: 

Drift   , . . ,  54  feet 

Niagara  limestone  and  ;iliale  ■. 270  feet 

Hudson  river  limestone;  ,   260  feet 

rtira  shale  ,   340  feet 

Trenton  limestone   v.  .   16  feet 

Total  depth   940  feet 

Trenton  below  sea  level   66  feet 

At  Frankton  the  strata  pierced  by  a  well  are  as  follows: 

Diifl    88  feet 

Niagara  limestone  and  shale....   272  feet 

Hudson  River  and  Utica   480  feet 

Trenton  limestone   22  feet 


Total  depth   8(52  feet 


Two  wells  have  been  plugged,  one  in  section  15,  the  other  in  section  28. 
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Fall  Crfk  T<nmahip.  At  Pendleton,  the  first  well  drilled' pawed  thiongfa 


the  foUowiiiff : 

Drift   ,   r>  feet 

Corniferouti  limestone   2  feet 

Sandstone   «  «. .  14  feet 

Upper  Niagara  shale   20  feet 

Limestone   :   200  feet 

Shale  (Lower  Niagara)   5  feet 

Limestone  .-   4  feet 

Shale  (green  and  brown)   610  feet 

Trenton  limestone   87  feet 

Total  depth   947  feet 

Altitude  of  well   841  feet 


Wells  were  plugged  in  lUl.'i  in  .-eclion  1  mul  one  in  section  Ifi,  in  I'JK). 

Adams  Tuwmthip.  Gas  wells  were  drilled  in  and  near  Markleville.  A 
few  ^\ells  are  still  supplying  gas  (1919). 

Wells  were  plugged  in  Green  To\vn>hip  in  sections  8  and  21  in  1911,  and 
1913,  and  in  Lafayette  Township  in  section  18  in  1916. 

•  MARION  COUNTY. 

The  bed  rock  of  this  county  consists  of  limestone  of  the  Silurian  age  and 
limestonee  and  shales  of  the  Devonian  und  the  Mississippian  ages.  These 
formations  arc  concealed  by  fjlacial  drift  which  varies  in  thickness  from  25  feet 
to  200  feet.  The  surface  of  the  Trenton  lies  from  100  feet  above  to  200  feet 
below  sea  levd  and  the  deirth  to  the  iTrenton  js  from  800  to  1400  feet 

Wathington,  Township.  At  Broad  Ripple  a  number  of  oil  wells  have  been 
brought  in  recently.  The  record  of  one  of  the  wells  is  given  below: 


Drift   ;   55  feet 

Corniferous  limestone   ,   48  feet 

Niagara  limestone   257  feet 

Hudson  River  and  Utica  ;   504  feet 

Trenton  limestone   24  feet 

Total  depth   888  feet 

Trenton  below  sea  level   109  feet 


Centre  Tuirti^luii.  A  well  at  Brightwood  passed  through  199  feet  of  drift 
and  reached  the  Trenton  at  951  feet,  below  this  a  little  gas  and  oil  were  ob- 
tained and  salt  water  reached  at  1,181  feet  Eight  producing  gas  wells  were 
obtained  northeast  of  Brightwood. 

Loirrvvrr  Toirnshi]).  At  Lawrence  a  number  of  wells  were  drilled.  One 
was  reported  to  have  reached  the  Trenton  at  1,010  feet  and  salt  water  at 
1,015  feet 

Warren  Totvruhip.  A  well  drilled  at  Irvington  reached  the  Trenton  at 
966  feet  and  salt  water  at  990  feet  At  Cumberland  the  Trenton  was  reached 

at  1,039  feet. 
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Wayne  Township.   The  log  of  a  well  reported  by  Judge  £.  B.  Martindalc 


at  Bridgaport  is  as  follows: 

Drift   «   160  feet 

RIack  shale    140  feet 

Lime-stone  . ,   360  feet 

Shale    490  tet 

Trenton  limestone   50  feet 


Total  d^^th  1200  fart 

Altitude  of  wdl  about  7G0  feet 


0 


Fig.  CXXXVI.   Map  ahowioK  location  of  Broad  Ripple  oil  fiekl  in  Marion  County.    Poaitlon  of 

■buHioBed  and  punvlmt  walls  Aawm. 

The  record  of  a  wdl  drilled  one  and  one-half  miles  northwest  of  Bridge- 


port is  as  follows: 

Drift  (clay  and  gravel)   170  feet 

Soapstone  (Knobstone  shale)   86  feet 

Black  and  brown  Genesee  shale   126  feet 

Corniferous  limestone   140  feet 

Niagara  shale    50  feet 

Niagara  limestone   100  feet 


Totol  depth   670  feet 


o  iyu.^cd  by  Google 
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The  faOowfaiff  mn  fbiB  reemds  ot  wdb  drilled  on  fhe  farm  of  D.  H. 
Wiggiiw,  Broad  Ripply  in  1918-1919: 


No.1.  No.  2. 

No.  4. 

No.  7. 

No.  8. 

  26  86 

24 

81 

40  feet 

869 

865 

340  feet 

865 

848U 

860  feet 

Total  deptb  . . . , 

 878  862% 

868 

860 

876  feet 

Two  wdls  drilled  on  the  farm  of  Mr.  Britton  of  Broad  mpple  in  1919  are 
as  foUows: 

No.  3.  No.  5. 

Drive  pipe                                               26  39  feet 

Cadng  866  880  fMt 

Sand  at  864  867  feet 

Total  depth   888  883  feet 

The  followinK^  are  the  logs  of  two  welU  drilled  on  tlw  Wheder  farm,  in 
Broad  Kipple,  in  1919: 

No.  1.  No.  2. 

Drive  pipe   51  72%  feet 

Casing  340  315  feet 

S&nd  at  853  847.4  feet 

Total  depth  871  869  feet 

The  following  well  was  drilled  on  the  Carter  farm  in  1919,  in  the  Broad 
Ripple  lidd: 

Drive  pipe    85  feet 

CaKing    360  feet 

Sand  at   851  feet 

Total  depth   866%  feet 


MARSHALL  COUNTY. 

Shales  and  limestones  of  Devonian  age  underlie  the  gladal  drift  in  this 
county.  The  dip  of  the  strata  is  toward  the  north,  so  for  points  of  equal 
elevation  above  sen  level,  the  Trenton  is  nearer  the  surface  in  the  southern 
part  of  ^e  coonty  than  in  the  northern  part.  The  glaeial  drift  whidi  lies  on 
the  eroded  surface  of  thr  bod  rock  has  u  thickness  of  from  one  hundred  to 
two  hundred  and  fifty  feet.  Plymouth  has  a  number  of  flowing  artesian  wells 
which  are  forty  to  fifty  feet  deep  and  draw  their  supply  trmn  the  glacial 
drift.  The  total  thickness  of  the  glacial  drift  at  this  point  is  242  feet.  In 
a  deep  well  drilled  at  Plymouth,  the  Trenton  was  reached  at  1,368  feet.  The 
altitude  of  the  well  is  788  feet,  and  the  surface  of  the  Trenton  is  585  feet  helow 
aea  levd. 

Minor  folds  may  exist  in  the  Trenton  underlying  the  county,  but  the  struc- 
tural conditions  of  the  strata  cannot  be  determined  by  direct  observation 
heeause  Uie  outcrops  of  the  duroliUi  are  concealed  by  the  glacial  drift.  Wdl 
records  and  other  suhsurfacr  data  are  not  of  sttflldent  abundance  to  warrant 
the  mapping  of  structural  conditions. 
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MARTIN  COUNTY. 

Martin  County  within  the  area  of  outcrop  of  strata  of  Pennfj\'lvanian 
and  Misisissippiaa  agt^.  Except  for  some  hlled-in  valleys,  the  bed  rock  ha? 
been  little  affected  by  iHaHal  deposition.  The  accessibility  of  the  strata  renders 

.stratitri aphical  ami  -tructural  work  po-siblc  though  the  pronoonoed  uncon- 
formity between  the  rocks  of  the  ages  mentioned  above  somewhat  adds  to 
the  diffirultiVf?  of  correct  interpretation.    A  general  section  of  the  rocics  ex- 


Fis.  CXXXVn.  A  structural  nmp  «f  u  |t<>rti<.r,  rf  Mnrtin  r'ouiity  >h<v»'inK  prcatBM'of  a  MnM^ 
Contour.s  <li'ikwii  till  liiiu'sloti)'  of  CheHtcr  sei'ica. 

pi>>r.i  ill  this  county  woiiM  tiu  luilr  rr>rni;>tions  from  the  top  of  the  Mitchell  to 
and  including  a  small  part  ul  the  Allegheny.  A  generalized  section  is  as  fol- 
lows: 

Shales  and  sandstones  containing  coal  (Coal  Meas- 
ure-:)   100  feat 

Conglomeratic  sandstone,  iron  ore,  shales  and  coal 

XMansfidd)      200  ttiA 

Shales,  sandstones  and  limestones^  Chester  (Mis- 
sissippi) 200  feet 
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One  of  the  best  datum  planes  for  use  in  drawinf?  structural  contours  is  the 
contact  between  the  Beech  Creek  limestone  and  the  Cypress  i^andstone  whidi 
lies  above.  The  extreme  regularity  in  thickness  of  the  Beech  Creek,  the  pres- 
ence of  bold  springs  below,  the  massive  character  of  the  sandstone  in  con- 
nection witii  its  position  immediately  overlying'  the  limestone  render  the  con- 
tact easy  of  reco^ition  and  materially  lessens  the  pos.sibility  of  it-  being 
confused  with  other  limestone  contacts  of  frequent  occurrence  in  the  Chester. 


Pig.  GXXXVIII. 


Map  of  VetmotHm  «U  ami  gaa  Held  alMHrliis  looKtion  of  oU.  gu  and  iry  wdh. 
Martin  Cmntjr.    Data  eolleeted  bjr  Arid  party  of  lt19. 


A  structural  map  of  a  portion  of  Martin  County  has  been  constructed 
from  data  collected  by  the  writer,  Dr.  C.  A.  M alott  and  other  members  of  the 

field  paiiy  of  1910.  This  map  shows  the  presence  of  a  terrace  or  possibly  a 
low  anticline  in  the  area  southwest  of  Dover  Hill.  Since  the  Loogootee  held  is 
so  near,  this  may  prove  productive  territory. 

A  deep  well  Wivs  drilled  to  depth  of  L'.'JOO  feet  SOUthwest  of  Shoals  and 
it  is  said  that  a  small  amount  of  ga^  wus  obtained. 
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A  well  drilled  we«t  of  Shouli>  in  auction  26  reached  oil  at  1,400  feet  in 
the  Cornifnmu.  A  wvll  drilled  in  White  Biwr  vaUey  in  the  eMtem  pait  df 
Shoals  reached  salt  water  at  960  feet  This  well  was  prohably  flnidied  in  the 
Knobstone 

Perry  Totcniihip.  A  .^niall  oil  field  is  located  in  the  southwest  part  of 
section  19,  the  northwest  part  of  section  'M,  and  the  southeast  part  of  section 
24.  Dry  holes  were  drilled  in  sections  19,  86,  and  1.  See  nap. 

Rutherford  Tounship.  Two  dry  holes  were  drilled  in  section  1  on  the 
property  of  Jna  D.  Allen  and  D.  E.  Elliott 

MIAMI  COUNTY. 

The  eroded  surfjice  of  the  Silurian  and  the  ncvoninn  -itiata  underlie  the 
glacial  drift  in  the  county.  The  drift  varies  in  thickness  from  a  few  feet  to 
as  nittdi  as  825  feet  Outcrops  of  the  bed  rock  occur  along  the  bed  of  Big 
Pipe  Creek  between  Bunker  Hill  and  the  wr.stern  boundary  of  the  county. 
The  rocks  of  Devonian  age  consist  of  limestone.  Outcrops  of  Silurian  rocks 
occur  along  the  bed  of  Little  Pipe  Creek,  the  Wabash  and  the  Mississinewa 
Rivers.  Gas  has  bn n  found  in  this  county  at  Peru,  Bunker  Hill,  Amboy  and 
Xenia.  The  .<;urfacc  of  the  Trenton  dips  northward  from  Bunker  Hill  to  Peru 
ut  the  rate  of  9  feet  per  mile. 

The  records  of  wells  drilled  at  tliese  points  as  given  by  Gori»y  and  others 


are  as  follows: 

Xenia  Well'. 

Sou   4  feet 

Gravel    46  feet 

Water  lime   31  feet 

Niagara    238  feet 

Hudson  River  and  Utica  587  feet 

Trenton  limestone   81  feet 

Total  depth   937  feet 

Altitude  of  well  815  feet 

Trenton  below  sea  level   91  feet 

Record  of  well  drilled  at  Bunker  Hill: 

SeeUon  of  WeU  No.  1. 

Drift    .j8  feet 

Corniferous  and  Niai^aia  limestone   503  feet 

Hudson  River  and  Utica   431  feet 

Trenton  limestone.   12  feet 

Total  depth  1004  feet 

Trenton  below  sea  level  155  feet 

Record  of  well  drilled  at  Peru : 

Section  of  Well  No.  4. 

Drift   86  feet 

Niagara  (and  Clinton)  limestone   886  feet 
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Hudson  River  and  Utica.   454  feet 

Trenton  liuMstone   30  f«et 

Total  depth   905  f«et 

Trenton  below  sea  level  218  feet 

A  small  quantity  of  ciil  was  found  at  a  depth  of  808  feet.  Salt  water 
occurred  at  900  feet.    Thus  well  was  di  illed  in  the  northern  part  of  the  city. 

Section  of  WeU  Mo.  2. 

Drift    10  feet 

Water-lime  and  Niagara  limestone   456  feet 

CSUnton  (?)  limestone   15  feet 

Hadson  River  and  Utica  .449  feet 

Trenton  limestone   27  feet 


Total  depth   956  feet 

Trenton  below  sea  level   229  feet 

Yielded  a  small  quantity  of  oil  and  gas,  but  not  sufficient  for  use.  This 
wdl  was  bored  a  little  south  of  the  city  limits,  about  1%  miles  from  veU  No.  1. 

Section  of  Well  No.  3. 

Drift   70  feet 

Niagara  limestone   490  feet 

Hudson  River  and  Utica   400  feet 

Trenton  limestone   ^  feet 

Total  depth  1002  feet 

A  lipht  flow  of  pas  was  obtained  from  this  well.  The  above  well  was 
situated  on  the  Younce  farm,  seven  miles  southeast  of  Peru. 

SecUon  of  WeU  No.  4. 

Drift    324  feet 

Niagara  limestone   276  feet 

Hudson  Kiv(  r  and  Utiea   407  fret 

Trenton  limestone   35  feet 

Total  depth  1042  feet 

Yielded  no  gas. 

Record  of  wells  driUed  in  secUons  16  and  28,  S.  E.  )4  of  the  N.  E.  of 
section  28: 

Alluvium — river  drift   36  feet 

Niagara  limestone   886  feet 

Hudson  River  and  Utica   454  feet 


Top  of  Trenton   876  feet 

Total  depth    906  feet 

Surface  above  sea  level   667  feet 

Top  of  Trenton  below  sea  levd  218  feet 
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S.  W.  K  of  section  16  (27  N.  4  E.) : 

Drift    884  feet 

Niaj^ara  limestone   379  feet 

Hudson  Kiver  and  Utica  .shale   307  feet 

Top  of  Trenton  1010  f««t 

Total  depth   1041  feet 

Surface  above  sea  level   767  feet 

Top  of  Trenton  below  aea  level  268  feet 

Hospital  Hia 

Drift    20  feet 

Niagara  limeht<me   376  feet 

Hudson  River  shales  and  limestone   266  fieet 

Utica  shale   248  feet 


Top  of  Trenton  at   898  feet 

Total  depth    988  feet 

This  vrell  was  drilled  in  October,  1897,  and  produced  400  barrds  of  oil 
a  day  for  four  days.  The  production  gradually  dropped  to  300  barrels  when 

three  weeks  old. 

Jticknon  Towmthip,    Record  of  well  drilled  at  Amboy: 

SecUon  of  WeU  No.  1. 

Drift    35  feet 

Nii^ra  limestone  and  shale   850  feet 

Hudson  River  and  Utica   522  feet 

Trenton  limestone   33  feet 

Total  depth   940  feet 

Yielded  a  strong  flow  of  gas. 

The  following  is  a  record  of  wdls  abandoned  in  this  township: 


Owner. 

Date 

See. 

Town 

Range 

C.  C.  Hull  

. . . .1911 

14 

26 

6E 

1913 

20 

25 

6E 

....1913 

20 

25 

6E 

E.  L.  Daniels  

. .. .1918 

24 

26 

6E 

29 

25 

6E 

...  .1913 

30 

25 

6E 

82 

26 

6E 

MONROE  COUNTY. 

Geology.  The  eastern  portion  of  the  eounty  lies  within  the  area  oeeu- 

pied  by  the  Knobstone,  the  rcntral  portion  is  occupied  by  the  Han  o()s})urjr, 
Salem  and  Mitchell  limestones,  the  western  portion  by  the  Chester  shales,  lime- 
stones and  sandstones  while  the  highlands  in  the  «ctreine  western  portion  arc 
ooenpied  by  the  Pottsville. 
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Strticture.  The  Mount  Carmel  fault  crosses  ths  eastern  part  of  the 
county  and  near  Unionville  makes  a  change  in  direction  which  makes  condi- 
tions favorable  to  anticlinal  fold':.  The  fault  itself  with  its  downthrow  toward 
ihti  Last  produces  an  anticlinal  fold  extendinir  parallel  to  the  fault  hut  not  a 
closed  structure  except  at  such  places  as  cross  flexures  are  produced. 


flK.  CaCXXOL  A  atnietural  iiuu>  of  •  p«rtioa  of  NoninM  Coanty. 


Bhominfftim  W^U,  A  deep  well  was  drilled  in  the  courthoase  yard  in 
1886  to  a  depth  of  2,730  feet.  A  generalized  record  of  the  well  follows: 


Surface  loam    6  feet 

Mississippian  limestone  and  shales.   749  feet 

Devonian  shales  and  limestones   170  feet 

Niagara  limestone    240  feet 

Hudson  River  limestone   485  feet 

Utiea  shale   180  feet 

Trenton  limestone   62(>  foot 

Potsdam  sandstone  (?)  St.  Peter   274  feet 

Total  depth  2780  feet 

Altitude  of  well   770  feet 

No  oil  or  NVii-  found  in  this  Well,  which  was  drilled  for  an  artesian 
water  supply.  The  complete  record  is  given  below: 

Earth    6  feet 

St.  Louis  limestone,  water   30  feet 

Keokuk  limestone    89  feet 


d46  Depaktment  op  conservation 

Knobstone    630  feet 

Ited  shale    20  feet 

Blue  limestone   5  feot 

Brown  shale,  gas   lU  feet 

Blade  slate,  Devonian....   120  feet 

Gray  limestone,  Portland  cement   in  feet 

Brown  limestone,  Niagara   240  feet 

Shaly  limestone   15  feet 

Light  brown  limestone   130  feet 

Flinty  limcstono  ,   30  feet 

Light  colored  limestone   100  feet 

Brown  limestone   70  feet 

Blue  shale    40  feet 

Blue  limestone   40  feet 

Bine  shale,  streaks  of  limestone   60  feet 

Blue  shale   180  feet 

Gray  limestone,  some  shale   586  feet 

Blue  shale    40  feet 

Hard,  white  sandstone   4  feet 

Shaly  Iime>tonc  and  sandstone   20  feet 

Gray  limestone  and  sandstone   20  feet 

Shaly  limeetone,  sandstone  qnartsite   98  feet 

White  and  yellow,  hard  sandstraie,  iron   22  feet 

White  sandstone,  softer   20  feet 

White  sandstone,  soft   40  feet 

Gr^  limestone  and  sandstone,  mixed   42  feet 

Gray  limestone,  sulphur-water  increasing  rapidly. .  8  feet 


T«W   2780  feet 

Trenton  bdow  sea  level  ahont  1060  feet 

Well  east  ef  Coleman  House,  west  of  Thrasher  SchooUioiise: 

Oolitic  limestone  at   180  feet 

Soil    6  feet 

Sandstone  and  iron  ore   7  ftet 

White  sandstone   5  feet 

Iron  stone   5  feet  6  inches 

Brown  sandstone   34  feet 

Coal    6  feet 

Rluo  ^aTulstone    22  feet  6  inches 

Blue  i>and  ,  ,   17  feet 

Inm  stone   27  feet 

Limestone    8  feet 

Total  depth   188  feet 

Wdl  southeast  of  Thrasher  Sehoolhonse: 

Thickness    Total  Depth 


Drift    10     feet       10  feet 

Iron  stone    6'^  feet      15'^  feet 

Shale    6     feet      21%  feet 


^  kj     d  by  Google 
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4% 

feet 

26 

feet 

lo 

feet 

41 

feet 

5 '/a 

feet 

46 '3 

feet 

22 

feet 

68' 2 

feet 

feet 

73 

feet 

26 

feet 

99 

feet 

,  .  ,  11) 

feet 

118 

feet 

22 

feet 

140 

feet 

...  140 

feet 

280 

feet 

Shale   

GU 

feet 

340 

feet 

45 

feet 

385 

feet 

Shale   

5 

feet 

390 

feet 

20 

feet 

410 

feet 

130 

feet 

540 

feet 

20 

feet 

560 

feet 

100 

feet 

660 

feet 

feet 

1020 

feet 

Sand   

25 

feet 

1045 

feet 

127 

feet 

1172 

feet 

7 

feet 

1179 

feet 

Shale   

18 

feet 

1197 

feet 

7 

feet 

1204 

feet 

n 

feet 

1210 

feet 

feet 

1245 

feet 

10 

feet 

1255 

feet 

feet 

1288 

feet 

Hlack  shale,  hard  

30 

feet 

1318 

feet 

24 

feet 

1342 

feet 

9 

feet 

1351 

feet 

White  Kray  limestone  

85 

feet 

1436 

feet 

Brown  limestone  

25 

feet 

1461 

feet 

Gray  limestone   

10 

feet 

1471 

feet 

Brown  limestone   

25 

feet 

1496 

feet 

White  limestone   

IG's 

feet 

1511 

feet 

Brown  and  srray  limestone. ... 

28 

feet 

1539 

feet 

17 

feet 

1556 

feet 

22 

feet 

1578 

feet 

6 

feet 

1584 

feet 

92 

feet 

1676 

feet 

Black  limestone  

24 

feet 

1700 

feet 

Gray  limestone   

,  .  .  ,  25 

feet 

1725 

feet 

Gray  limestone  and  water  , 

,  .  .  .  11 

feet 

1736 

feet 

Coarse  limestone  and  pas  

9 

feet 

1745 

feet 

feet 

1780 

feet 

Brown  limestone   , 

23 

feet 

1803 

feet 

Gray  limestone  

10 

feet 

1813 

feet 

Blue  limestone  

37 

feet 

1850 

feet 

15 

feet 

1865 

feet 

15 

feet 

1880 

feet 

9 

feet 

1889 

feet 
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foot 

1900 

feet 

feet 

1950 

feet 

feet 

1965 

feet 

  30 

feet 

2000 

feet 

feet 

2274 

feet 

feet 

Total  depth  2676  feet 

Top  of  Trenton  at  2272  feet. 

Oil  sand  at  2801  feet.  light  initial  production. 

Altitude  at  mouth  of  the  ¥retl  975  feet 

There  is  a  dip  of  thirty-five  feel  to  the  inile  for  the  Trenton  limestone 
between  the  deep  well  at  Bloomington  and  the  Koonlz  well.  In  the  former 
the  Trenton  is  1,060  feet  below  sea  level  and  in  the  latter  1,300  feet. 

MONTGOMERY  COUNTY. 

A  small  area  of  the  bed  rack  in  the  western  portion  of  this  county  is 

occupied  by  Pennsylvanian  strata,  but  the  >ri-catcr  part  nf  the  -uhsurfnro  of 
the  county  is  occupied  by  the  strata  of  the  Mississippian  age.  The  covering 
of  the  glacial  drift  in  a  large  measure  prevents  the  determination  of  struc- 
tural conditions  of  the  strata.  The  surface  of  the  Trenton  lies  from  1,200  to 
1,600  feet  below  the  surface  of  the  county.  The  dip  of  the  strata  is  toward 
tho  southwest,  dipping  away  from  tlie  CHndnnati  arch,  whieh  lies  to  tha  north. 
The  mrf ace  of  the  Trenton  lies  from  400  to  800  feet  below  aea  tevd. 
The  following  is  the  record  of  weU  No.  1  drilled  at  Crawfordsville*; 


Drift    140  feet 

Sub-Carboniferous  rucks   410  feet 

Devonian  shale   80  feet 

Comiferous  limestones   55  feet 

Niagara  lunestone    880  feet 

Hudson  River  and  Utica   865  2»et 

Trmton  limestone   69  feet 

Total  depth  1499  feet 

Trenton  bdow  sea  level   664  feet 

Yielded  no  gas. 


RaUroad  Elevations. 

Linden,  787;  Chcny  Grove.  797.5;  Manchester,  75:5.4;  Crawfordsville, 
738.5;  Whitesville,  871;  Ladoga,  822.5;  New  Ross,  877;  Pawnee,  846;  Lapland, 
840;  Penobscot,  859;  Wavdand,  744;  Sand  Credc,  582. 

MORGAN  COUNTY. 

The  glacial  mantle  covering  the  bed  rock  in  this  county  varies  from  a 
few  feet  to  ninety  feet.  The  Knobstone  division  of  the  Mississippian  underlies 
the  drift  over  a  large  part  of  the  county.  Outcrop:»  of  the  Knobstone  occur, 
but  they  are  not  snffldently  abundant  to  be  of  much  service  in  locating  favor- 
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able  structural  conditions.  Even  if  a  sufficient  number  of  outcrops  could  be 
found  the  absence  of  sufficient  iramber  of  persistent  hardy  layers  of  rock  wmild 
render  the  determination  of  structural  conditions  exceedingly  difficult.  In  the 
presence  of  favorable  conditions,  oil  and  gas  sands  may  be  found  in  the 
Devonian  and  Trenton  strata.  TIm  Trenton  will  be  found  below  the  surface 
at  a  depth  ranpinp  from  1,400  to  1,600  feet. 

Two  wells  were  drilled  south  of  Hall,  in  1916.  The  &rst  one  was  drilled  to 
a  depth  of  about  860  feet  and  had  a  showing  of  oil  in  the  C!ormfesons  lime- 
stone. The  well  was  shot,  but  did  not  increase  the  show  of  oil. 

Section  of  Wdl  NOb  1,  Martinsville,  Ind. 


Drift    85  feet 

Sub^arboniferous  rocks    323  feet 

Hamilton  shale    120  feet 

Comiferous  limestone   62  feet 

Niagara  limestone    286  feet 

Hudson  River  and  Utica  671  feet 

Trenton  limestone     51  feet 


Total  depth  1448  feet 

Trenton  bdow  sea  level  180  feet 

Yielded  no  gas. 


Jackson  Totcnship.  A  well  was  drilled  on  the  Donald  Stewart  property 
in  Section  1  in  1911  arui  Miotlit  r  un  the  Emory  Hilderman  property  in  Section 
36  in  1912.    Both  were  non-productive. 

NEWTON  COUNTY. 

The  subsurface  of  Newton  County  is  occupied  by  the  strata  of  the  Silurian 
in  the  central  portion  and  nortliem  portion  of  the  county  and  by  the  Devonian 

strata  in  the  southern  portion  of  the  county.  The  strata  of  the  northern  por- 
tion dip  north  and  those  of  the  southern  portion  toward  the  south.  Slight 
variations  in  the  uplift  of  the  arch  formed  has  resulted  in  the  creation  of  at 
1(  ast  one  minor  fold  favorable  to  the  accumulation  of  oil.  This  occurs  in  the 
boundary  between  Newton  and  Lal<c  Counties  near  the  town  of  Thayer. 

The  following  formations  will  be  encountered  in  this  county  between  the 
surfaee  of  the  i^adal  drift  and  the  surface  of  the  Trenton: 


Thidmess. 

Glacial  drift    100  to  150  feet 

Devonian  (in  .south  part)   50  to  145  feet 

Silurian    280  to  300  feet 

Hudson  River    300  feet 

l^tica    210  feet 


On  thf  north  boumlaiy  at  Thayer  the  Trenton  is  encountered  at  846  feet 
where  the  surface  elevation  is  650  feet  At  Kentland  in  the  south  part  of  the 
county  at  an  devation  <tf  680  feet  the  Trenton  is  encountered  at  1,060  feet. 
The  dip  of  the  Trenton  surface  is  more  than  57  feet  to  the  mile  toward  the 
south. 
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On  account  of  the  covering  of  glacial  drift  which  attains  a  thickness  of 
more  than  one  hundred  feet,  the  geological  structures  favorable  to  the  accumu- 
lation  of  oil  eannct  lie  determined  or  located  by  tiie  use  of  snrfidal  mettwds. 
The  oil  which  has  been  found  i.-i  probably  in  the  Trenton  limestone.  The  fol- 
lowing is  a  log  of  well  No.  2  drilled  on  the  Grant  farm  west  of  Thayer  by  the 
Tiuqrer  Oil  and  Gas  Co.,  Lincolii  Townriiip: 

Oil  sand   at  615  feet 

Thickness  of  gas  sand   ■  ■        20  feet 

Salt  water   at  675  feet 

Trenton  rock  at  846  feet 

Oil   at  860  feet 

.  Total  depth    862  feet 

This  well  was  plugged  in  1919,  as  was  a  well  on  the  Bebeeea  Spitter 
property. 

Well  No.  P.. 

Drift    73  feet 

Niagara  limestone   283  feet 

Hud^^on  River  limestone   300  feet 

Utica  shale    190  feet 

Trenton  limestone    6  feet 

Total  depth   852  feet 

Record  of  well  drilled  at  Kentland : 

Section  of  Well  No.  1. 

Drift    100  feet 

Black  .shale  (New  Albany)   100  feet 

Corniferous   45  feet 

Niagara  limestone    805  feet 

Hud.son  River  limestone   300  feet 

Utica  shale   210  feet 

Trenton  limestone    60  feet 

Total  depth  1120  feet 

Trenton  bdow  sea  level   379  feet 

Yiddcd  no  gas. 

NOBLE  COUNTY. 

Noble  County  probably  lies  wholly  within  the  area  occupied  by  the  Devo< 
nian  strata,  thou^  its  bed  rock  is  concealed  by  a  heavy  mantle  of  gladal 
drift.  A  well  record  at  Albion  show.s  a  thickness  of  P,7'i  feet  and  at  Kendall- 
ville  of  485  feet  of  drift.  The  well  at  Kendallville  reached  the  Trenton  at 
IJMO  feet 

A  well  drilled  at  Albion  famished  the  following  log*: 

SeeUon  of  Well  Mo.  1. 

Drift    375  feet 

Devonian  shale   65  feet 

Devwiian  limestone. .  <   66  feet 
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Sandstone    5  feet 

Hydnnlie  limestone   30  feet 

Niagara  and  Clinton  (?)  limestone  and  shale   815  feet 

Httdaon  River  limestone  and  shale   285  feet 

Utica  diale   260  feet 

Trenton  Umestotie   24  feet 

Total  depth  1914  feet 

Trenton  below  sea  level  1161  feet 

Yielded  small  flow  of  pfas. 


The  surface  of  Trenton  dips  northward  through  this  county  at  the  rate 
of  from  thirty-five  to  thirty-eight  feet  to  the  mile.  If  there  are  structures 
devoloped  In  these  northward  dipping  strata  they  are  not  visible  at  the  sur- 
face  because  of  the  thick  over-burden  of  drift,  which  prevents  the  detection 
of  reverse  dips. 

RaUroad  Elevations. 
LaOtto,  872.0;  Swan,  872;  Avilla,  962.9;  Kendallville,  974.7;  Bome  City, 
920.3;  Grismore,  868.2;  ligonier,  898.8;  Wawaka,  952.1. 


OHIO  COUNTY. 


The  Cincinnatian  Division  of  the  Ordoviciun  including  the  Eden  (Utica) 
Maysvilte,  <Lonrainey  and  Ridimond  from  the  strata  nndeilying  ttie  Pleisto- 
cene and  Recent  depos^its  of  this  county.  The  Pleistocene  deposits  vary  in 
thickness  from  a  few  to  fifty  feet.  The  Ordovician  sediments  that  are  revealed 
consist  of  a  series  of  shales  nnd  limestones.  The  Trenton  Kmestone  lies  bdow 
these  formations.  The  number  and  abundance  of  outcrops  will  probably 
make  it  possible  to  determine  the  structural  conditions  existing  in  this  county, 
hut  carefol  detailed  woric  will  be  required.  The  tahle  below  gives  the  sub> 
divisions  iriiich  are  represented  in  the  county. 


Quaternary... 


f  Recent,  clays  and  alluvium 
(PleistOGene,  gravel,  sands  and  till 


Richmond. .. 


Ordovician . 


Cineiooati 


MaysviUe. 


Eden.... 
(Trenton. 


'Elkborn 

j  Whitewater 

^SahidB 

'  Waynesville 

[Amheim 

Mt.  Auburn 

Coiyville 

Bellevue 

Faimicnt 

Mt.Hope 

McMicken 
Southgate 
Economy 
Fulton 
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ORANGE  COUNTY. 

Thib  county  lies  within  the  ungluciatrd  urea  and  the  structural  conditions 
of  the  mcks  may  be  determined  for  the  greater  pai-t  of  the  county  by  rarfldttl 

observations.  The  eastern  part  of  the  county  contains  the  Salem  and  the 
Mitchell  limestones  of  the  Mississippian.  The  western  part  of  the  county 
contains  the  shaie>,  .sand>tones  and  the  limestones  of  the  Chester  division  of 
the  Mississippian  and  the  conglomeratic  sandstones  of  the  Pottsville  division 
of  the  Pennsylvania n  Where  the  ijreolojjic  conditions  are  favorable  there  is  a 
probability  of  the  accumulation  ui  oil  and  gas  in  the  Devonian  strata  (Cor* 
nifenms  limestone)  which  may  be  reached  in  the  western  part  of  the  coonty 


Fiif.  CXI. I.  Map  of  B  portion  of  OranKt'  County  tthnwinir  structural  rnnditlonn  nmr  OranRt*- 
ville.  Contour  line*  drawn  on  ChMt«r  limpatone.  Data  nceured  by  C.  A.  Ifnlott  and  P.  B. 
atoekdnte  of  IMd  jmrty  of  1919. 

at  a  depth  of  from  1,100  to  1,400  feet  There  is  also  a  probability  of  oil 'and 

jtas  acrunnilatinp  under  such  .structures  in  the  Trenton  though  the  TrentOn 
lime.slonc  may  lack  porosity  due  to  the  lack  of  dolomitization. 
A  general  geological  section  in  this  county  would  include: 

Reddish  conglomeratic  sandstone  with  iron  ore  (Pottsville)   200  feet 

Fine  grained  massive  sandstone  (Tar  Springs,  Chester)   45  feet 

Limestone,  gray  (glendeane)   10  feet 

Sandstone  and  sandy  shales  (Hardinsburg,  Chester)   50  feet 
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Liinestone,  thin  bedded  (Golconda)   16  feet 

Sandstone,  massive  (passiair  to  shale,  Q^ress)   36  feet 

Limestone,  maspive  (Beech  dftk)   12  feet 

Shales  and  sandstones  (Elwien)   32  feet 

Limestone,  pyritiproas,  reddish  (Redsville)   4  feet 

Sandstone  and  shak';^  (Brandy  Run)   13  feet 

Limestone,  massive  ledges  (Beaver  Bend),  Top  of  Mitchell   10  feet 

Limestime  (Mitchell,  Salem,  HairodstnuT)   400  feet 


Two  wells  were  drilled  at  Paoli,  oub  to  u  Uepth  of  1,000  feet,  the  other  to 
a  deptli  of  1,180  feet.  In  ^bm  lint  mineral  water  was  found  at  250  feet  and 
in  a  blue  shale  at  1,000  feet.  The  bottom  of  this  well  is  probably  in  the 
Silurian  shule.  Its  altitude  is  about  580  feet  The  second  well  encountered 
mineral  water  in  a  limestone  at  1,180  feet  and  probahly  was  completed  in  the 
Silurian  linU"<tone.  These  wells  were  drilled  for  oil  or  pas  and  were  drilled 
without  reference  to  structure.  By  consulting  the  structure  map  accompany- 
ing  this  report  it  will  be  evident  that  no  favorable  structure  is  present.  A  well 
drilled  in  Section  8  southwest  of  Paoli  reached  a  depth  of  over  1,200  feet 
before  being  abandoned.  This  well  was  drilled  on  a  slight  shoulder  or  terrace 
as  will  be  seen  by  ooiwultinK  the  atmetore  map.  The  Add  wovk  neeenary  to 
the  preparation  of  fhis  map  was  done  by  Dr.  C.  A.  Halott  and  Mr.  P.  B. 
Stoekdale. 


OWEN  COUNTY. 

The  geological  formation  represented  by  the  outcrops  in  this  county  are 
found  in  the  following  aeetion: 

Quaternary  j  Recent— River  aUovium. 

^Pldstoeene— CHadal  gravels,  sanda  and  days. 


Pennsylvanian. . . , 


Coal  measures— coal  beds,  sandstones,  shalea  and 

limestones. 

Mansfield  (Pottsville)  sandstone  shales  and  coal. 


CChester,  shales,  limestones,  and  sandstones. 
J  Mitchell,  lime.stones  and  shales. 
Mississip^aa. Salem,  limestone. 

'  W.-irsaw,  linicstoTie. 
Knobstone,  shale>  and  sandstones. 

The  Plei.'-tocene  depo.^its  mantle  the  surface  in  all  places  except  alonp  the 
courses  of  streani.s,  where  it  has  been  removed  by  postglacial  erosion.  The 
number  of  outcrops  may  be  sufficient  in  some  places  in  the  eoun^  to  enable 
the  structure  of  the  bed  rock  to  be  determined. 

Wti^hhiffti.u  Toirti.^hijK  Three  well.>  were  drilK-*!  in  Spencer  to  the  Ni- 
agara limestone  from  which  a  supply  of  sulphur-saline  water  was  obtained. 
A  well  was  also  drilled  south  of  Spencer  and  a  showing  of  oil  obtained  at  a 
depth  of  800  feet.   This  well  was  drilled  deeper,  but  did  not  .strike  production. 

A  well  was  drilled  on  the  Tanner  property  in  Section  20  west  of  Spencer 
in  1913.  No  record  of  this  wdl  has  been  o|>tained. 
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PARKE  COUNTY. 


The  strata  of  the  Pennsylvanian  period  underlie  the  glacial  drift  in  Parke 
County.  Outcrops  ol'  the  bed  rock  occur  along  the  beds  of  some  of  the  streamB, 
but  the  structural  condition  cannot  be  determined  from  surficial  observations. 

The  Trenton  limestone  lies  from  2,000  to  2,500  feet  below  the  surface  in 
this  county.   The  following;  i.=  the  record  of  a  well  drilled  at  Rockville: 

Section  of  Well  No.  1. 


Drift   96  feet 

Gray  aandstones   44  feet 

Brown  shale   25  feet 

White  sandstones  110  feet 

Black  shale   25  feet 

Black  shale  105  feet 

White  sandstone   50  feet 

Limestone    170  feet 

Gray  shale  805  feet 

Sandstone    100  feet 

White  shale   114  feet 

Black  shale   102  feet 


Limestone    118  feet 

Brown  sandstones   46  feet 

White  limestones  135  feet 

Crystallized  limestone   85  feet 

White  shale,  like  kaolin          48  feet 

Limestone   108  feet 

Dark  shale  (Utica)   324  feet 

Total  depUi  to  Trmton.2100  feet 

Altitude  of  well   688  feet 

Trenton  below  sea  level.  1412  feet 

TkMed  no  gas. 


In  1909  a  bore  was  sunk  to  a  depth  of  IJSOO  feet  near  Diamond,  in  Parke 
County  hut  was  dry. 

Where  structural  conditions  are  favorable  oil  may  be  found  in  the  De- 
vonian in  this  county. 


PERRY  COUNTY. 

As  Perry  County  occupies  a  part  of  the  nns^adated  area  of  Indiana  the 

outcrop  of  its  strata  is  unconcealed.  The  fonnations  of  the  county  belong  to 

the  following:  divi^ons: 

QnatemaiT   JRecent — alluvium  and  residuals. 

 \  PIdstooene — residuals. 

Pennsylvanian.       ^  Allegheny— shales,  sandstones,  limestones,  coala. 


Pottsville — shales,  sandstones  and  coal. 
Missisuppian   Chester — limestones,  sandstones  and  shales. 

N'o  structural  map  of  this  county  has  been  attempted,  but  it  seems  pos- 
sible to  determine  the  structural  conditions  for  a  large  part  of  the  county  by 
using  tihe  limestones  of  the  Chester  as  hey  formations. 

Some  oil  was  found  in  two  wells  in  Section  19  near  Uniontown,  abo  in 
Sections  24  and  26.   The  records  of  these  wells  aie  given  below: 

Wells  drilled  in  Clark  Township  east  of  Siberia,  near  Anderson  River  six 
miles  south  of  Birdseye. 

.    WeD  in  Southwest  M  of  Section  24. 

Drive  pipk   40  feet 

CasinpT  •  ■  696  feet 

Top  of  psy  1010  feet 

Total  depth   1000  feet 
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Well  in  Southeast  hi  of  Section  26  (3S.  3W.) 


Drive  pipe   10  feet 

Casing    "''^i  feet 

Total  depth  1280  feet 

The  above  well  came  in  as  a  salt  water  without  a  showing  of  oil. 

Northeast  )4  of  the  Southwest  %  of  Section  li). 

Drive  pipe   60  feet 

Casing   600  feet 

Total  depth  1040  feet 

Better  producer  than  No.  1. 

Beeord  of  Deep  Well  at  Cannelton. 

Thickness.  Depth. 

Sand   47  feet     47  feet 

Shale   110  feet  167  feet 

White  aand   6:?  feet    220  feet 

Shale    9  feet  229  feet 

Limestone   41  feet  270  feet 

Shale    6  feet    275  feet 

Hard  limestone,  white   55  feet   330  feet 

Shale    16  feet  846  feet 

Limestone   6  feet    352  feet 

White  sand   5  feet    357  feet 

Shale    3  feet   360  feet 

Sand    IS  feet  878  feet 

Shale    23  feet    396  feet 

Black  limestone   10  feet   406  feet 

Gray  shale   80  feet  486  feet 

White  limestone   'J  feet    445  feet 

Gray  shale   15  feet   460  feet 

White  shale  salt  water  at  480    61  feet  611  feet 

Shale    7  feet    518  feet 

White  limestone  salt  water  at  733    218  feet  736  feet 

Limestone  salt  water  at  744   204  feet  MO  feet 

Dark  sandy  shale   87  feet  1027  feet 

Dark  brown  limestone   81  feet  1108  feet 

Limestone   572  feet  1780  feet 

Shale  (Utica)   120  feet  1900  feet 

Limestone  (Trraton)   688  feet  2688  feet 

Ten  City  Wdl  Record. 

Thickness.  Depth. 

•           Soil   26  feet  25  feet 

Gray  shale   10  feet  88  feet 

White  sand   40  feet  7.")  foot 

Brown  sand   80  feet  155  feet 

White  limestone   80  feel  185  feet 

Dark  gray  shale   30  feet  215  feet 

ShaUy  lime   10  feet  225  feet 
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feet 

230  feet 

feet 

275  feet 

foct 

346  feet 

  6 

feet 

:!52  feet 

  43 

feet 

39.')  feet 

feet 

410  feet 

feet 

r>26  feet 

feet 

559  feet 

feet 

696  feet 

feet 

fiio  feet 

feet 

618  feet 

feet 

686  feet 

feet 

648  feet 

feet 

675  feet 

feet 

680  feet 

feet 

742  feet 

feet 

752  feet 

feet 

920  feet 

 246 

feet  1166  f««t 

PIKE  COUNTY. 


The  fitrata  of  Pike  County  bcloiiLc  tri  the  coal  measure?  with  the  exception 
of  a  mantle  of  glacial  drift  in  the  northern  portion,  of  glacial  lake  deposits  in 
the  eentral  portion  and  Tecent  residuals  eoveriniir  the  southern  portion  and 
overlying  the  coal  measures.  As  many  as  eight  distinct  veins  of  coal  ooew 
in  the  county.  Three  or  four  of  these  are  workable  over  considerable  area. 
For  the  determination  of  .structural  conditions  it  is  possible  that  some  use  may 
be  made  of  the  Coal  Measures.  Oil  fiehl.s  have  been  developed  northeast  of 
Petersburtr,  .southwest  anrl  >outheast,  in  Washinffton  Township,  Madison,  Mon- 
roe, Patoka  and  Logan  Townrhip.s.  Some  of  the  structures  in  this  county  were 
ootliiied  on  the  Peterdrarg  cool  and  pttUished  in  the  Ditney  folio*. 

Madinm  Toumship.  Oil  sands  range  in  depth  from  960  to  1^40.  Fhre 

sands  are  reported. 

Well  No.  3,  D.  &  R.  Snyder  farm.  Section  35,  Madison  Township: 


Soil   to  6  feet 

Mud   to  45  feet 

Quick  sand  to  55  feet 

White  sand  to  !»:">  feet 

Slate  to  100  feet 

Coal  to  106  feet 

Slate  to  165  feet 

Sand  to  175  feet 

Slate  to  376  feet 

Shale   to  391  feet 

lame  to  420  feet 

Coal  to  428  feet 

Sand  to  488  feet 


Blue  sand  to  453  feet 

Dark  lime  to  463  feet 

Slate  to  523  feet 

I.ime  to  r>40  feet 

Shale   to  690  feet 

Sand   to  710  feet 

Water  sand  to  800  feet 

Slate  to  845  feet* 

Lime   to  860  feet 

Slate   to  870  feet 

Sharp  sand  to  986  feet 

Gray  slate  to  946  feet 

Lime  to  960  feet 


*  Sf*  Ditner  Folio.  V.  8.  0.  8. 
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Slate  to  1006  feet 

Sanci   to  1015  feet 

Shale  to  1035  feet 

Water  sand  to  1140  feet 

Slate   to  1145  feel 

Little  lime  to  1163  feet 

Slate  to  119S  feet 

Dark  Hum  to  1200  feet 

Shale   to  1205  feet 

Lime  to  1215  feet 

Slate   to  1245  feet 

Dark  sand  to  1253  feet 

Big  lime  to  1275  feet 


Slate  to  1285  feet 

Sand   to  1295  feet 

Shale  to  1300  feet 

Gas  sand   .to  1808  feet 

Slate   to  1304  feet 

Snyder  sand  to  1313  feet 

Slate  to  1328  feet 

Hrown  shell  to  i;530  feet 

Slate  to  1341  feet 

Dark  sand  to  1347  feet 

Brown  sand  to  1848  feet 

Total  depth  to  1348  feet 


FIs.  CXLII.  M«p  of  portion  of  Pika  County  showinfc  outline  of  structure  at  Pet«raburR. 
Contoor  IIbm  drawn  on  Ctwl  V  Iqr  a  A.  tUMt  mnd  P.  B.  ataOMt,  Md  pwrty.  I*t». 

Casing  Record. 

12%  in   Tlfeet 

10    in   392  feet 

9hi  in   945  feet 

6%  in  1210  feet 
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Well  No.  5,  L.  Johnson  Farm.   Madison  Township,  Pike  County,  October 


6,  1919: 

Clay   61  feet 

Slate    79  feet 

Coal    1  foot 

Slate   819  feet 

Lime    B  feet 

Slate   414  feet 

Sand    66  feet 

Slate    75  feet 

Oil  sand   15  feet 

Lime    7  feet 


Slate   88  feet 

Water  mui   110  feet 

Lime    8  feet 

Slate   7  feet 

Sand    35  feet 

Slate    35  feet 

Big  lime    27  ftet 

Slate    29  feet 

Oil  sand   24  feet 

Total  depth  184«  ftet 


Fits,  exult.  Map  ot  fhe  Vnlon  oil  ttU  ahowliiir  oil  «nd  wn  ifoMs  tmi  diy  Iwlab  Dote  od- 
kctod  by  CL  A.  MaloU  and  P.  B.  Stockdol*  of  Held  party  of  1919. 

Wdl  No.  6,  H.  E.  Sutton  farm,  Madison  Township,  Pike  County: 

Surface   to  1  foot     Shnle  to    58  feet 

Quick  sand   to  16  feet    Lime  .....to    95  feet 

Shale   to  80  feet    Shale   to  116  feet 

Coal   to  55  feet    Lime  to  126  feet 
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Shale  to  130  feet 

Lime  to  180  feet 

Shale   to  200  foct 

Sand   to  285  feet 

Shale   to  816  feet 

Lime  to  420  feet 

Shale  to  428  feet 

Sand   to  680  feet 


Shale   to  600  feet 

Lime  to  720  feet 

Shale   to  725  feet 

Sand   bo  800  feet 

Shale  to  886  feet 

Lime   to  !)25  feet 

Sand  oil  to  942  feet 

Total  depth    968  feet 


flK.  CXUV.  Map  of  tho  Bowman  oil  (WM  of  Piko  County,  ahowing  location  of  oil  wells, 
dnr  bolet  and  au  DaU  accurcd  hr  C.  K.  VUMt  and  P.  B.  Stodidale.  HcM  partar  of  1M». 

Record  of  Dan  Snyder  No.  2,  Seetion  S6,  Madieon  Township: 

12  V4 -inch  casing:   92  feet  (iVi-inch  casing  1210  feet 

10-inch  casing  .   210  feet  4%-inch  liner   80  feet 

8U-inch  casing    915  feet 

Soil    35  feet  Lime  shell            95  feet  to  130  feet 

Qttiek  sand  ...   35  feet  to  45  feet  Blue  mnd  ....  180  ftet  to  155  feet 

Bhie  mud  ....   45  feet  to  95  feet  Brown  shale  . .  155  feet  to  200  feet 
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Coal   

200  feet 

to 

205 

feet 

*  Rumble  sand 

..  994 

feet 

to 

1011 

feet 

Gray  mud  .... 

20h  feet 

to 

2.30 

feet 

feet 

to 

1016 

feet 

White  mud  . . . 

280  feet 

to 

265 

feet 

Brown  mod.. 

.1016 

feet 

to 

1025 

feet 

265  feet 

to 

295 

feet 

Sand   

1025 

feet 

to 

1060 

feet 

295  feet 

to 

340 

feet 

Sandy  shale. . 

.1060 

feet 

to 

1095 

feet 

Blue  mud  .... 

340  feet 

to 

370 

feet 

Water  sand.. 

.1095 

feet 

to 

1125 

feet 

White  mud  ... 

870  feet 

to 

A'.^r-, 

feet 

feet 

to 

1135 

feei 

485  feet 

to 

440 

feet 

feet 

to 

1158 

feet 

440  feet 

to 

490 

feet 

Gray  mud  . . . 

.1158 

feet 

to 

1170 

feet 

Lime   

■I  DO  fct't 

to 

500 

feet 

Lime   

1170 

feet 

to 

1190 

feet 

Gray  mud  .... 

.500  feet 

to 

535 

feet 

White  mud  . . 

.1190 

feet 

to 

1195 

feet 

Shale   

5-3.5  feet 

to 

.585 

feet 

Hard  lime  . . . 

.1195 

feet 

to 

1210 

feet 

Brown  mud  ... 

585  feet 

to 

640 

feet 

Blue  mud  . . . 

.1210 

feet 

to 

1234 

feet 

Water  sand  ... 

G40  feet 

to 

660 

feet 

1234 

feet 

to 

1249 

feet 

Slate  and  shale 

660  feet 

to 

720 

feet 

Slate   

.1249 

feet 

to 

1264 

feet 

Liffht  shale  . . . 

720  feet 

CO 

780 

feec 

.1264 

feet 

to 

1278 

feet 

780  feet 

to 

850 

feet 

Shale   

1273 

feet 

to 

1283 

feet 

860  feet 

to 

875 

feet 

Snyder  sand  . 

.1283 

feet 

to 

1302 

feet 

Water  sand  . . . 

876  feet 

to 

910 

feet 

Brown  nwl  .  ■ . 

910  foot 

to 

!)30 

feet 

Total  depth 

1302 

feet 

Slntr   

•r'.l\  r. .  ' 

'M>  1 

FIk.  CXLV.    Map  of  the  Glenson  terrace  in  Pike  Connty.   StnMtUK  Unci  drawn  cm  Coal  V. 
Data  sMond  hr  a  A.  Malott  rad  P.  B.  Stodnklek  iMd  pert^  of  Iffl*. 
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Cratral  Refining  Co. 
Well  No.  9.  Section  35, 

Clay   to 

Sand  to 

Brown  ahale  to 

Coal  to 

Brown  shale  to 

Ume  to 


Madison  Township: 

18  feet  Gray  slate  to  160  feet 

70  feet  Lime  to  165  feet 

ITi  fcpt  Gray  slate  to  180  feet 

77. feet  Brown  slate  to  205  feet 

185  feet  Coal   to  208  feet 

148  tet  Line   to  211  feet 


Fls>  CXLVI.   Map  of  KtrucUirmI  condltlont 

•eeured  by  C.  A.  Malott  and  P.  B. 

Brown  slate  to  216  feet 

Lime   to  222  feet 

Gray  slate  to  250  feet 

Brwwn  slate  to  260  feet 

Ltme  to  288  feet 

Brown  slate   to  290  feet 

Gray  slate  to  310  feet 

Brown  slate  to  850  feet 

Gray  slate   to  390  feet 

Brown  slate   to  430  feet 

Sand  to  488  feet 


Winalow.    Contoun  drswn  on  CoaJ  V. 
Stockdale  of  the  Add  iwrtjr  of  1919. 

Brown  slate  to  440  feet 

Lime  to  44.3  feet 

Brown  slate   to  450  feet 

Gray  slate  to  490  feet 

Brown  slate  to  488  feet 

Lime  to  500  feet 

Coal   to  503  feet 

Gray  slate  to  515  feet 

Lime   to  r,22  feet 

Brown  slate   to  560  feet 

Gray  sUt«  to  600  f art 
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Brown  slate   ,.to 

Gray  slate  to 

Sand   to 

Brown  slate  to 

Gray  slate   to 

Sand   to 

Brown  slate   to 

Gray  slate  ,..to 

Brown  slate  to 

Sand   to 

Brown  slate  to 

Sand  to 

Gray  slate  to 

Lime   to 

Gray  slate  to 

Lime  to 

Gray  slate  to 

Sand   to 

Gray  slate  to 

Sand  to 

Little  line  to 


fi.'.n  feet  Gray  date  to 

65H)  feet  Lime  to 

696  feel  Gray  slate  to 

715  fee*  Lime  to 

755  feet  Gray  slate  to 

760  feet  Big  lime  to 

800  feet  Gray'  slate  to 

830  feet  Lime   to 

858  feet  Gray  slate  to 

872  feet  Lime   to 

880  foot  Brown  slate  to 

a40  feet  Red  rock   to 

946  feet  Brown  slate  to 

950  feet  Sand   to 

955  feet  Brown  shell  to 

965  feet  Slate  to 

1060  feet  Lime  to 

1060  feet  Slate  to 

1080  feet  Gray  sand   to 

1160  feet  Brawn  sand   to 

1172  feet 


1200  feet 
1210  feet 
1220  feet 
1226  feet 

12^0  feel 
1238  feet 

1260  feet 
1268  feet 

1261  feet 
1265  feet 
1275  feet 
1277  feet 
laia  feet 

1810  feet 

1325  feet 

1326  feet 
1828  feet 
1340  feel 
1345  feet 
1848  feet 


12H-incli 
lO-ineh  . 


Total  depth   1348  feet 

Casing  Record. 

70  feet     8»<i-inch    948  feet 

442  feet     fiV,-inch  12;U  feet 


Wells  abandoned  in  this  township  are  located  in  Section  1,  1  well;  Section 
2»  2  wells;  Section  6,  2  weUs;  Section  26,  1  well;  Section  86,  2  wells;  Section 

86.  2  wells. 


Log  of  M.  F.  Snyder  well 

Yellow  clay  to 

Gray  slate  to 

Sand  to 

Gray  slate  to 

Sand  to 

Gray  slate  to 

Coal   to 

Lime  to 

Gray  slate  to 

Brown  date   to 

Lime   to 

Gray  slate  to 

Sand   to 

Brow^n  slate   to 

Sand   to 

Gray  slate  to 

Sand   to 

Brown  slate  to 

Coal  to 


Located  in  Section  2,  Madison  Township: 


10  feet  Lime  to  277  feet 

30  feet  Coal   to  280  feet 

47  feet  Gray  date  to  296  feet 

85  feet  Lime   to  310  feet 

93  feet  Sand  to  362  feet 

95  feet  Brown  date  to  872  feet 

97  feet  Gray  slate  to  380  feet 

103  feet  Sand  to  384  feet 

185  feet  Gray  slate  to  405  feet 

150  feet  Brown  slate  to  407  feet 

166  feet  Lime   to  442  feet 

170  feet  Gray  slate  to  460  feet 

180  feet  Browii  slate  to  463  feet 

185  feet  Coal   to  467  feet 

210  feet  Gray  slate   to  483  feet 

240  feet  Ltme  to  486  feet 

266  feet  Brown  slate  to  495  feet 

268  feet  Lime   to  513  feet 

272  feet  Gray  date  to  626  feet 


Hand  Book  of  Indiana  Geology 


968 


Brown  slate   to  528  feet 

Coal  '.  .  to  580  feel 

Brown  date  ..to  558  foet 

Line  ;  to  560  feet 

Brown  slate   to  580  feet 

Gray  slate  to  590  feet 

Brown  slate   to  625  feet 

Sand   to  635  feet 

Sand  to  675  feet 

Brown  slate  to  too  feet 

Gray  date  to  735  feet 

Brown  slate  .to  700  fcefc 

Sand   '.to  820  feet 

Brown  slate  to  832  feet 

Sand  to  888  feet 

Gray  slate  to  812  feet 

San4  to  869  feet 

Coal  f  to  872  feet 

Gray  slate  to  875  feet 

Sand   to  930  feet 

Sand   to  965  feet 

Gray  slate  to  994  feet 

Lime   to  997  feet 

Gray  slate  to  1010  feet 

Lime   to  1088  feet 


Brown  slate   to  1055  feet 

Sand  to  1078  feet 

Cray  slate  to  1160  feet 

Lime  to  1178  feet 

Gray  slate  to  1188  feet 

Sand  to  1192  feet 

Lime  to  1212  feet 

Gray  slate  to  1217  feet 

Sand  to  1232  feet 

Gray  slate  to  1237  feet 

Lime  to  1245  feet 

Gray  slate  to  1260  feet 

Lime   to  1270  feet 

Brown  slate  to  1280  feel 

Red  roek  to  1288  feet 

Gray  slate  to  1298  feet 

Sand  to  1807  Yeet 

Gray  date  to  1812  feet 

Sand  to  1327  feet 

Brown  lime  to  1335  feet 

Gray  slate  to  1340  feet 

Sand  to  1346  feet 

Oil  sand   to  1347  feet 

Total  depth    1847  feet 


Estate  9i  Midiad  Murphy  (deceased)  OU  Co.  Wdl  No.  6,  S.  T.  RuoiUe 
farm,  Hadtson  TownsMp.  Finidied  July  7, 1019.  Dry. 


Lime  shell   80  to  85 

Coal    86  to  88 

Sandy  lime    88  to  110 

Slate   110  to  130 

Lime   130  to  145 

Coal    145  to  150 

White  slate   150  to  210 

Sandy  lime   210  to  325 

Dark  slate   325  to  420 

Lime   420  to  425 

White  slate   -125  to  460 

Lime    460  to  470 

Broken  lime   470  to  550 

White  slate    660  to  625 

Dark  slate   625  to  715 

Sand    715  to  750 

Slate   760  to  840 

Sandy  lime    810  to  920 

Water  sand   920  to  940 

Dark  date   940  to  1050 

Lime  cave  1050  to  1075 


Water 

Water,  2  bbls. 
per  hour 


Water 


.1075  to  1110 


feet 
feet 
feet 
feet 
feet 
feet 

feet 
feet 
feet 

feet 
feet 
feet 
feet 

feet 

feet  More  water 
feet 

feet 

feet  Salt  water 
feet 

feet 
feet 
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Lfam  .'1110  to  1180  feet 

Dark  slate  1130  to  11  GO  feet 

Sand   1160  to  1180  feet 

Little  lime  1180  to  12U0  feet 

Slate  .'...1200  to  1220  feet 

Lime  nnd  sand  1220  to  1250  feet 

Dark  slate  1250  to  1270  feet 

Biff  lime  1270  to  1202  feet 

Slate  1202  to  1802  feet 

Ked  rock  1802  to  1810  «Bet 

Slate  1810  to  1822  feet 

Oil  sand  1822  to  1882  feet 


Dty — Snyder 

sand 
Oakland  City 


Lime  1332  to  1345  feet 


Sand  and  lime  1346  to  1884  feet  Water— brown 


12'i-inch   

10-inch    150  feet 


Casing  Reeord. 

21  feet    8M-inA    840  feet 

8>4-inch  1265  feet 


In  Madison  Township  a  well  on  the  Thomas  farm,  Section  30,  pumped  50 
barrels  from  a  depth  of  1280  feet.  The  Bemeiit  Oil  and  Gas  Co.'s  No.  1  well 
on  the  L.  C.  Thomas  farm,  in  the  S.  W.  %  of  the  S.  W.  !4  of  Section  82,  is 
estimated  at  60  to  100  barzels.  The  depth  is  1170  feet. 

Log  of  M.  F.  Snyder  well  No.  0,  located  in  Section  86,  Madison  Township: 


Yellow  day  to  18  feet 

Sand  to  70  feet 

Brown  slate    to  76  feet 

Coal   to  77  feet 

Brown  slate  to  185  feet 

Lime   to  148  feet 

Gray  slate  to  160  feet 

Lime   to  105  feet 

Gray  slate  to  180  feet 

Brown  slate  to  206  feet 

Coal   to  208  fort 

Lime  to  211  feet 

Brown  slate  to  216  feet 

Lime   to  222  feet 

Gray  slate  to  250  feet 

Brown  slate  to  285  feet 

Lime   to  288  feet 

Rrown  slate   to  290  feet 

Gray  slate  to  310  feel 

Brown  date   to  860  feet 

Gray  slate   to  ?.m  feet 

Brown  slate   to  430  feet 

Sand  to  488  feet 

Brown  slate  to  440  feet 


Lime   to  -Itn  fret 

Brown  slate  to  450  feet 

Gray  slate  to  490  feet 

Brown  date  to  498  feet 

Lime  to  500  feet 

Coal   to  503  feet 

Gray  slate  to  '>].'>  feet 

Lime   to  r)22  feet 

Brown  slate   to  56U  feet 

Gray  slate  to  000  feet 

Brown  slate   to  650  feet 

Gray  slate  to  690  feet 

Sand  to  690  feet 

Brown  slate   to  715  feet 

Gray  date  to  755  feet 

Sand  to  760  feet 

Brown  slate  to  800  feet 

Gray  slate  to  820  feet 

Sand   to  830  feet 

Brown  slate  to  868  feet 

Sand   to  872  feet 

Brown  slate  to  880  feet 

Sand  to  040  feet 

Gray  date  to  948  feet 
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Lime   to    950  feet 

Gray  slate  to   965  feet 

Lime   to  M6  f  «et 

Gray  slate  tO  1060  feet 

Sand  to  1060  feet 

Gray  slate  to  1080  feet 

Sand  to  1160  feet 

Lime  to  1172  feet 

Gray  slate  to  1200  feet 

Lime  to  1210  feet 

Gray  slate   to  1220  feet 

Lime   to  1225  feet 

Gray  slate  to  1280  feet 


Lime  

Gray  slate 


 to  1238  feet 

 to  1258  feet 

 to  1261  feet 

Gray  slate  to  1265  feet 

Black  slate   to  127$  feet 

Red  rock  to  1277  feet 

Black  slate   to  1313  feet 

Gas  sand  to  1319  feet 

Brown  shell   to  1826  feet 

Black  slate  to  1840  feet 

Black  lime  to  1342  feet 

Sand  to  1848  fset 

TMal  depth  to  1848  feet 


Casing  Beoord. 

12%^neh    70  feet     G-incfa  1281  feet 

lO-iiich    1 12  feet     4%-inch   1826  feet 

8-inch    948  feet 

Well  No.  1  on  the  F.  P.  Robling  farm,  200  feet  to  South  line,  200  feet  to 

West  line,  Section  .']."),  Madison  Township,  Pike  County: 


Soil   to  1  foot 

Clay  to  11  feet 

White  sand  ...to  51  foot 

Blue  slate   to  90  feet 

White  lime  to  100  feet 

Blue  slate   to  140  feet 

Black  slate   to  170  feet 

Gray  slate  to  100  feet 

White  sand  to  200  feet 

Coal   to  202  feet 

Fire  clay  to  210  feet 

Gray  shale   to  255  feet 

White  sand   to  325  feet 

Gray  shale   to  330  feet 

White  sand  to  866  feet 

Blaek  slate  to  375  foct 

White  sand  to  390  feet 

White  shale  to  806  feet 

White  lime   to  430  feet 

Black  shale  to  450  feet 

Li^rht  slate   to  515  feet 

Coal   to  518  feet 

Light  slate   to  5G3  feet 

Dark  slate  to  698  feet 

Coal  to  600  feet 

Lipht  slate   to  645  feet 

Light  sand  to  655  feet 

Daric  date  to  800  fsct 

Brown  Ume  to  866  feet 


Light  sand  (gas)  to    675  feet 

Dark  slate  to   780  feet 

Gray  sand   to    7!)7  feet 

Gray  slate  to   815  feet 

White  sand  to  890  ftat 

Dark  lime   to    897  feet 

t>ark  slate  to   960  feet 

White  shs^   to  962  feet 

Brown  sand  (oil)  to   967  feet 

Gray  sand  to   977  feet 

Brown  sand  (be:>t  pay).. to  992  feet 

Dark  slate  to  100r>  feet 

Gray  sand   to  1022  feet 

Light  sand   to  1028  feet 

Light  sand  to  1119  feet 

Dark  lime  to  1131  feet 

Blue  mud  to  1134  feet 

Dark  sand  to  1147  feet 

Dark  lime  to  1152  feet 

White  sand  to  1167  feet 

Brown  lime  to  1176  feet 

Red  rock   to  1179  feet 

Dark  sand  to  1191  feet 

Dark  slate  to  1197  feef 

White  lime  to  1233  feet 

Dark  slate   to  1270  feet 

Dark  sand  (show  of  oil)  .to  1286  feet 

Dark  sand  to  1292  feet 

Dark  lime  to  1294  feet 
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Light  lime  to  1297  feet 

Black  slate   to  1302  feet 

Light  sand   to  1304  feet 

D»rk  date  to  1313  feet 


Dark  lime  to  181ft  feet 

Gray  sand  to  1322  feet 

Top  of  i»ay  to  181ft  fett 


WeU  Mo.  2,  on  the  F.  P 
North  line,  Seetion  86, 


Kobling  farm,  333  feet  to  West  line;  200  feet  to 
Tewaahip,  Pike  Couaty: 


Black  soil   to  1  foot 

Yellow  clay   to  6  feet 

Brown  mud  to  100  feet 

Cwl  to  104  feet 

Gray  lime   to  109  feet 

Blue  mud  to  129  feet 

Gray  shale  to  189  feet 

Blue  mud  to  204  feet 

Gray  lime  to  208  feet 

White  mud  to  253  feet 

Brown  shale  ....to  368  feet 

White  Khale   to  403  feel 

White  lime   to  445  feet 

Brown  mud  to  646  feet 

Gray  lime   to  550  feet 

White  mud  to  640  feet 

White  lime  to  848  feet 

Gray  mud  to  678  feet 

Brown  shale  to  703  feet 

Gray  lime  ahdl  to  710  feet 

White  mud   to  735  feet 

Brown  shale  to  755  feet 

White  sandy  shell  to  760  feet 

Gray  slate  to  810  feet 

Brown  shale  to  885  feet 

Blue  shale  to  893  feet 

White  sand  to  008  feet 

Blue  slate   to  909  feet 

White  sand  to  926  feet 

Gray  lime   to  028  feet 

Gray  sand   to  943  feet 

Black  slate   to  950  feet 

Gray  lime   to  952  feet 

Dark  date  to  1008  feet 


Ugkt  date  to  1021  feet 

Gray  sand  (saad  dry) .. .to  1029  feet 

Dark  slate  to  1035  feet 

Gray  Ifane  to  1080  feet 

Same   to  1054  feet 

Dark  lime  to  1059  feet 

Whie  saad  to  1140  feet 

Gray  lime  to  1164  feet 

Blue  slate  to  1169  feet 

Gray  lime  to  1177  feet 

Blue  slato  to  1181  feet 

Gray  lime  to  1185  feet 

Blue  slate  to  1190  feet 

Gray  Ume  to  IMS  tet 

Blue  slate  to  1208  feet 

Gray  Ume  to  1220  feet 

Blue  date  to  1887  faet 

White  Knw,  top  of  big: 

lime   to  1240  feet 

Dark  lime,  to  1245  feet 

White  lime  to  1250  feet 

Dark  prray  lime  to  1275  feet 

Red  rock   to  1280  feet 

Dark  date  to  1S08  feet 

Gray  lime   to  1302  feet 

Dark  lime   to  1317  feet 

Black  Ume  to  1828  feet 

Brown  shell  to  1326  feet 

Dark  slate  to  1330  feet 

Gray  saad  to  1886  feet 

Dark  alate  to  1343  feet 

Gray  sand   to  1348  feet 

Top  of  pay  sand  to  1343  feet 


WeU  No.  8,  on  the  fam  of  F.  P.  BoUing,  200  feet  to  Eaet  Ibait,  400  ftat 
S.  B.  Well  No.  2,  Section  86,  Hadison  Towaship,  Pike  Coon^: 


Soil   to  1  foot 

Yellow  clay   to  6  feet 

Dark  sUte   to  100  feet 

Coal   to  104  feet 

Gray  lime  to  109  feet 

Dark  slate  to  184  feet 

White  lime  to  164  feet 


Dark  slate   to  209  feet 

Gray  Ume  to  213  feet 

Light  slate  to  268  ftet 

Dark  slate  to  308  feet 

Gray  sand  to  323  feet 

Light  slate  to  848  feet 

Dark  line  to  868  feet 
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Dftric  date   to  898  feet 

Black  slate   to  398  fcrt 

Light  slate   to  435  feet 

Gray  ttme  to  450  feet 

Lierht  slate   to  466  feet 

Gray  slate  to  485  feet 

Li^ht  slate  to  495  feet 

Gray  lime  to  600  feet 

Light  slate   to  505  feet 

White  lime   to  525  feet 

Light  date  to  840  feet 

Coal   to  545  feet 

Dark  slate  to  560  feet 

Brown  lime  to  608  feet 

Dark  slate  to  606  feet 

Light  slate,  8^  in.  set  at 

086  ft  to  046  feet 

Brown  lime  to  650  feet 

Dark  slate   to  700  feet 

White  sand  to  715  feet 

Dark  slate  to  720  feet 

White  lime   to  750  feet 

Dark  slate   to  790  feet 

Brown  date  to  860  feet 

Light  slate   to  890  feet 

White  sand,  hole  full  of 

water  /  to  988  feet 

Liffht  slate  to  926  feet 

White  sand  to  931  feet 

Dafk  date   to  968  feet 


Brawn  lime  to  968  feet 

Dark  slate  to  1015  feet 

Brown  sand   to  1030  feet 

Dark  date  to  1046  feet 

Dark  date  to  1050  feet 

Brown  lime  to  1065  feet 

Light  sand,  hole  full  of 

water  1060  to  1160  feet 

Gray  lime   to  1168  feet 

Dark  slate   to  1173  feet 

White  lime   to  1180  feet 

Dark  slate  to  1185  feet 

Gray  lime  to  1205  feet 

Light  date  to  1212  feet 

White  lime  to  1216  feet 

Dark  slate   to  1220  feet 

White  Hme  to  1228  feet 

Dark  slate  to  1884  feet 

Brown  lime  to  1259  feet 

Light  shte   to  1279  feet 

Light  mud  to  1289  feet 

Dark  lime   to  1305  feet 

Dark  slate  to  1315  feet 

Dark  eaiid  to  1880  feet 

Dark  lime   ...to  1327  feet 

Dark  slate   to  1340  feet 

Gray  lime   to  1842  feet 

Gray  sand  to  1346  feet 

Pay  sand  1842  to  1346  feet 


Well  Reeord  No.  4,  C.  Burkhart  farm,  Section  35,  Madison  Township: 


Soil  to 

Mud   to 

Sand   to 

Water  sand  to 


Slate   

Black  slate 
Coal   


Slate   

Mud   

Slate  

Coal   

Slate  

Sand  

Slate  

Sand  

Lime   

Slate   

Sandy  lime  ...to 


.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 
.to 


8  feet  White  slate  to  410  feet 

16  feet  Black  slato  to  435  feet 

28  feet  White  slate  to  440  feet 

40  feet  Lime   to  445  feet 

70  feet  Black  dato  to  460  feet 

90  feet  White  date  to  460  feet 

96  feet  Lime  to  465  feet 

106  feet  Black  date  to  480  feet 

110  feet  White  slate   to  5fin  fort 

190  feet  Black  slate   to  580  feet 

220  feet  Lhne  to  586  feet 

227  feet  White  slate  to  615  feet 

280  feet  Water  sand  to  650  feet 

800  fteet  Blade  date  to  680  feet 

805  feet  Water  sand  to  705  feet 

835  feet  Black  slate   to  735  feet 

340  feet  White  slate  to  750  feet 

385  feet  Black  date  to  775  feet 

406  feet  Sand  to  790  feet 
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Black  slate  to  820  feet 

Saad  to  870  f«et 

Sandy  lime  to  880  feet 

Water  Band-  to  900  feet 

Black  slate   to  920  feet 


White  slate  to  980  feet 

Blaek  elate  to  975  feet 

Lime   to    979  feet 

Oil  sand  to  1007  feet 

Total  depth  to  1024  feet 


Washittgton  Towimhip.  Two  oil  sands  are  reported  from  this  township 
at  d^fliB  ranging  from  1110  to  1228  feet  The  fdlowing  is  the  log  of  a  wdl 
completed  Sept  27, 1919,  on  tiie  J.  R.  Cbmw  fam,  Seetion  32,  Pike  Coimty: 


Surface   to  45  feet 

Sand  rock  to  55  feet 

Slate  to  106  feet 

Lime  shell  to  110  feet 

Coal   to  112  feet 

Slate  to  170  feet 

Sand   to  180  feet 

Slate  to  240  feet 

Lime   to  245  feet 

Coal   to  247  feet 

Slate   to  317  feet 

White  mud   to  367  feet 

Slate   to  888  feet 

Sandy  shale  to  470  feet 

Sand  to  525  feet 

Slate  to  660  feet 

Sand   to  nnn  fert 

Slate  to  630  feet 

Water  saad  to  680  feet 

Dark  slate,  mud  to  710  feet 

Sand  to  725  feet 

Daik  date  to  770  feet 

Lime  sheU  to  816  feet 


Sand   '...to 

Sandy  lime   to 

Broken  slate  to 

Little  lime  ,  to 

Light  slate  to 

Light  lime  to 

Sand  to 

Lime  to 

Slate   to 

Big  lime  i.to 

Slate  to 

Shell   to 

Slate   to 

Oakland  City  sand  to 

Slate  to 

OaUand  CLtf  sand  to 

Rrow-n  Ume  to 

Slate  to 

Oil  saad  to 

Hard  shell    to 

Broken  sand   

Brown  oil  sand..  to 

Total  depth    to 


iMg  of  Rogers  well,  Rogers  Station,  E.  &  I.  R.  R. 


Common  top  sand  to  25  feet 

Shale  and  limestone  shells  to  90  feet 

Streak  of  soft  sand  to  115  feet 

Soft  muddy  shale  to  140  feet 

Coal  and  Uaek  diale. .  to  150  feet 
White  sand  and  Uack 

shale  to  160  feet 

Streaks  of  very  sharp 

sand   to  187  feet 

White  sand.  to  200  feet 

White  and  limestone 

shells   to  220  feet 

Shale   to  230  feet 

Shells   to  247  feet 

Coal   to  2r>0  feet 

Caving  date  and  shale,  .to  260  feet 


Sand,  small  flow  of  gas  on 

top   to 

Black  shale  to 

Limestone  and  shale. . .  .to 

Shale  to 

Limestone,    ahdls  and 

slate   to 

Sand  shells  to 

Sand   to 

Limestone,    shells  and 

slate   to 

Sand,  shells  and  slate. .  .to 

Straight  salt  sand  to 

Straight  limestone  to 

Limestone   to 

SandsUme  and  slate  to 


868  feet 

876  feet 

877  Uet 
887  feet 
920  feet 
995  feet 
959  feet 
962  feet 
965  feet 

1001  feet 
1036  feet 
1039  feet 
1041  feet 
1050  feet 
1053  feet 
1061  M 
1071  feet 
1081  feet 

1094  feet 

1095  feet 
1107  feet 
1109  feet 
U09  feet 


290  feet 
320  feet 
360  feet 
875  feet 

460  feet 
470  feet* 
606  feet 

660  feet 

600  feet 
692  feet 
885  feet 

900  feet 
920  feet 
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Sand  and  linn  stone  to  M6  feet  Slate  and  sand  (h1  to  1027  feet 

Sand  with  small  streaka  Sand  to  1057  feet 

of  slate  to  992  feet  Slate  to  1076  feet 

Streak  of  red  marl  to   004  feet  Sand  and  limestone  to  1161  feet 

Case  brick  penal  eave. . .  .to  1008  feet  Limestone   to  1185  feet 

Report  on  Oil. 

24  Degrees  frravity 

20  Degrees  cold  test 
MO  Dtgnm  Hn  test 
604  Vis.  at  70  decrees 

Section  28,  Washington  Towndiip: 

■     13     inch  drive  pipe   57  feet 

10     inch  dripe  pipe   124  feet 

.".  8V  inch  casing  pipe  ;  791  feet 

6U  inch  casing  1075  feet 

Top  of  pas  sand  1162  feet 

Drilled  in  three  feet  Tested  3,162,000  cubic  feet  capacity.  Completed 
Uardi  24, 1909.  One  well  has  been  abandoned  in  Section  19,  8  in  Section  27, 

8  in  Section  28  and  1  in  Section  30. 

A.  B.  Benu  ntV  No  10,  on  the  L.  C.  Thomas  farm.  Section  32,  Washington 
Township,  pumped  2U  barrels  from  the  brown  suad.  The  top  of  the  sand  was 
strode  at  1,128  feet  and  drilled  to  a  total  depth  of  1488  feet 

MoJiroe  Towtislii/).  Record  of  the  Yeajrer  NOw  1  Well,  N.  E.  pf.  .'^ 
S.  W.  U  of  Section  26,  Monroe  Township:  ' 

Surface,  mud,  shale,  loam  Limestone    40  feet 

and  qoiek.sand   62  feet  Shale    10  feet 

Coul  measnres,  shale,  coal  Limestcme   70  feet 

etc.   408  feet  Shale    6  feet 

Sandstones  (Hansfi^d  and  Limestone   64  feet 

Haron)  410  feet  Shale    46  feet 

Limestone    30  feet  Limestone  and  shale   41  feet 

Shale    15  feet   

Total  depth   1181  feet 

The  following  wells  have  been  abandoned:  Section  21,  6  wells;  Section 
22,  1  well;  Section  23,  9  wells;  Section  21,  1  well;  Section  26,  6  wells;  Section 
27,  2  wells;  Section  28,  3  wells;  Section  30,  1  well;  Section  35,  4  wells. 

*  Logan  Totnwhip.'  Two  oil  pools  are  located  in  this  township,  the  Union 
aii<l  the  OatsviHe.  The  foUowinjc  is  the  record  of  a  well  from  the  Oatsville 
pool.  A  second  well  drilled  on  this  lease  reported  oil  at  1320  feet.  Drilled  July 
17, 1919. 

..    .  Well  No.  1,  John  Cornelias  Farm,  Section  27. 

Surface- day  to  26  feet  Lime  to  146  feet 

Blue  slate   to  50  feet  Black  slate  to  155  feet 

Shell,  first  water  to  55  feet  Sand  to  175  feet 

Slate  to  80  feet  Sandy  shale  to  200  feet 

Sand  to  185  feet  Lime  and  ooal  to  210  feet 
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White  UnM   to  220  feet 

White  date  to  266  feet 

Black  slate  to  285  feet 

Sandy  slate  to  320  feet 

Sandy  slate  to  330  feet 

White  sUite  to  360  feet 

Coal   to  366  feet 

Slate  to  415  feet 

Ume  to  420  feet 

Slate  to  485  feet 

Lime  to  489  feet 

State  to  540  feet 

Sandy  lime  to  600  feet 

White  slate  to  630  feet 

Blaek  date  to  675  feet 

Sanc^  luBe  to  745  feet 

Slate  to  796  feet 

Salt  water  sand  to  900  feet 

Shofv  water  in  Uwt  foot 


White  sUte  to  985  feet 

Sand  hanl  to  949  feet 

Sandy  slate  to    956  feet 

Black  slate   to   999  feet 

Coal   to  1000  feet 

Black  date   to  1010  feet 

Sand   to  1116  feet 

Blue  slate   to  1126  feet 

Gray  lime  to  1146  feet 

Blue  date  to  1177  feet 

Lime  to  1232  feet 

Blue  date  to  1289  feet 

Gray  lime   to  1244  feet 

Slate  broken  to  1269  feet 

Sand  top  to  1269  feet 

First  oil   to  1275  feet 

Coarse  brown  sand  to  1281  feet 

Fine  white  sand  to  1292  ftot 


One  wdl  in  Section  27  and  anotlMr  in  Seetion  86  wen  abandoiied. 
In  the  Union  Add  oil  lande  are  reported  at  depHia  ranging  fraim  1,070  to 
1,774  feet. 

Patoka  Township.  A  large  number  of  wells  have  been  drilled  in  this 
township.    Wella  have  been  abandoned  as  fdlows:    Seetion  11,  7  wdls; 

Seetion  13,  2  wells;  Section  14, 18  wells;  Section  15, 1  well;  Seetion  18, 1  well. 

Loekhart  Townak^.  One  well  was  drilled  in  Seetion  5  and  one  in  See- 
tion 21. 

Ctoff  TownMp.  One  wdl  was  abandoned  in  Seetion  8  and  one  in  See- 
tion 32. 

Jtffcrnan  Tvii  n.-^liip.    Wells  were  drilled  in  Sections  4,  S  and  31. 

Much  additional  information  has  been  obteined  in  reference  to  the  petroUfic 
condUfoiw  «f  Piln  Coon^  since  the  pabUcatiai  of  the  reiport  on  pctroleani  and 
nataral  gas  in  Indiana  in  1920.  Only  a  brief  summary  can  bo  given  at  this 
time. 

Davidsmt  Field.  Location,  Sections  26  and  35,  T.  1  N.,  R.  9  W.  Eleva- 
tion of  surface  from  440  to  491  feet  above  sea  kveL  Depth  to  oil  sand  from  984 

to  1,100  feet.    Initial  production  from  5  to  150  barrels. 

OatstnlU  Field.  Location,  Sections  14,  15,  21,  22,  23,  and  27,  T.  1,  S.  R. 
9  W.  Elevation  of  surface  from  417  to  641  feet  above  sea  level.  Five  sands 
were  encountered,  the  McDaniel,  High  tower,  Crecelius  or  Gladdish,  brown, 
and  McCloskey.  The  first  at  1,000  feet  and  the  last  at  1,650.  The  initial 
production  was  from  10  to  200  barrels. 

BowmoH  Field.  Location,  Sections  26,  29, 81,  86,  86, 6, 1,  and  2  in  T.  1  N. 
and  1  S.,  and  R.  6  and  7  W.  Suifacp  elevations  range  from  440  to  560 
feet  above  sea  level.  Four  oil  sands,  Bumble,  Barker,  Oakland  City  and 
brown  are  encountered.  Tbm  wdb  range  in  dcptii  fnim  986  to  IJOO  fmt 
The  faiitial  production  ranges  trtm  n  few  bamlB  to  160  barrds. 

Other  fields  in  this  county  ars  the  Oakland  City,  Union  and  AUted. 
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PORTER  COUNTT. 

Devonian  itrata  probaUy  underlie  the  whole  of  Porter  County,  though 
it  is  possible  that  prep^lacial  streams  may  have  been  cut  throuKb  to  the 
Silurian.  The  eroded  surface  of  the  Devonian  is  covered  with  glacial  drift 
which  attains  a  thickness  of  200  feet  or  more.  The  record  of  a  well  drilled 
at  Valparalw  is  gtnn  by  Phimiey'  as  follows: 

Drift    125  feet 

Black  shale    65  feet 

Comiferous,  lower  Hdderburg  and  water   230  feet 

Niagara  limestone    380  feet 

Nia^ra  shale    5  feet 

Clinton  limestone    55  feet 

Bluish-green  Hudson  River  shales   160  feet 

Chocolate-brown  limestone  (Galena)   256  feet 

Trenton  limestone   6S  feet 

Total  depth  1344  feet 

Altitude  of  well   715  fcpt 

Another  well  reported  by  Gorby'  for  the  same  place  is  recorded  below: 

Section  of  Well  No.  1. 

Drift   125  feet 

Hamilton  shale   65  feet 

Comiferous  limestone   55  feet 

NiagaTa  liraestone    666  feet 

Clinton  (?)  limpstone   10  feet  , 

Hudson  River  Umestone  and  shale  185  feet 

Utiea  shale   206  feet 

Trenton  UaMstone  144  feet 

Total  depth  1444  feet 

Trenton  bdow  sea  levd  602  feet 

The  surface  of  the  Trenton  appears  to  dip  iwrthwavd  through  this  county 
at  the  rate  of  about  twenty  feet  to  the  mile. 


POSEY  COUNTY. 

Posey  County  lies  within  tiie  area  of  outcrop  of  strata  of  tlie  Pennssd- 
vanian  age.  As  it  lies  between  the  Wabash  and  Ohio  Rivers,  a  goodly  portion 
of  its  area  is  covered  with  alluvium.  A  somewhat  larger  area  is  mantled  with 
glacial  drift,  though  a  portion  of  the  county  is  unglaciated.  With  the  excep- 
tion of  the  river  valleys,  outcrops  are  not  wanting  in  many  parts  of  the 
county.  Careful  detailed  work  will  probably  reveal  the  structural  conditions 
favorable  to  the  accumulation  of  oil  and  gas  if  such  exist.  The  coal  beds  and 
beds  of  limestone  will  probably  be  the  most  useful  keys  for  unlocking  strofBture. 

The  following  is  the  record  of  a  weU  drilled  at  Mt.  Vemofi*: 

Yellow  clay   27  feet 

Brown  soapstone   44  feet 

lAAIur.  God  B^psrl.  iSM.  v.  lUS. 
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White  sandstone  (Merom)   32  feet 

Goal  ,  2indM« 

Limestone  with  stVMki  of  cbqr                     •  • . .  4  feet 

Blue  shale   7  feet 

Colli    i  foot 

Fire  clay   5  feet 

Sulphur  mixed  with  fire  clay   3  feet 

Softpstone   8  feet 

Dark  blue  .shale   86  feet 

Limestone   '  7  Deet 

Coal   •           2  inches 

Dark  shale   25  feet 

Sandstone    6  inches 

Soapstone    22  feet,  6  inches 

Sandstone    5  feet,  6  indies 

Sandstone  and  shale,  about  every  alternate  foot. . .  19  feet 

Coal    6  feet 

Shale  streaked  with  sandatone   6  feet,  6  indies 

Soapstone   10  feet 

Dark  shale   17  feet,  6  inches 

Blade  eoal  shale   8  feet 

Coal   4indMS 

Blue  fire  day   12  feet 

Dark  fire  day   18  feet 

Sandstone   3  feet 

Shale  streaked  with  sand   4  feet,  6  indies 

Blue  shale  with  small  white  streaks.   46  feet 

Soft  dark  blue  shales   46  feet,6indiC8 

Black  shale   1  foot 

Bastard  shale   1  foot,  6  inches 

Rock   6  indies 

Coal   1  foot, 8  inclirs; 

Fire  clay   7  feet,  3  inches 

SoaiMtoiM   7  feet, 8 indies 


Total  depth   407  feet 

Point  Toicmhip.  A  deep  well  was  drilled  in  Section  2  on  the  property  of 
W.  E.  Ha^ngs,  and  was  phigfed  in  1913.  No  record  of  this  wdl  was  ob> 
tained. 

PULASKI  COUNTY. 

Silurian  and  Devonian  strata  underlie  the  gladal  drift  in  Pulaski  County. 
Gas  was  found  in  some  wells  drilled  at  Franoeaville.  The  record  of  the  ftrs^ 
wdl  drilled  ia  given  below: 

Section  of  Well  No.  1. 

Drift    8  feet 

Niagara  Unestone    542  feet 

Hndaon  River  limestone  and  diale.   286  feet 
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Utica  shale    100  feet 

Trvnton  limestone    10  feet 

Total  depth    89")  feet 

Trenton  below  sea  level   200  feet 

Yielded  a  small  quantity  of  g'as. 
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Fig.  CXLVII.    Map  showing  the  location  of  oil  wdls  in  the  FrunccaviUe  oil  Add  in  Puluaki 

The  concealment  of  th«  bedntek  strata  hy  the  glacial  drift  prevents  the 

dotrt  min.ilinn  of  the  structural  ConditiaflB  so  that  it  is  impossible  to  say  whether 
structures  favorable  to  the  accumulation  of  oil  and  ga.s  exist  in  other  parts  of 
the  county  or  not.  The  surface  of  the  Trenton  in  the  southern  part  of  the 
county  is  about  200  feet  below  sea  level,  and  the  depth  inereaaea  tp  more  tiian 
400  feet  in  the  northern  porticm  of  the  county. 

Bailroad  Eferations. 

Boone,  726.1;  Thomhope,  710.8;  Star  City»  697.7;  Winamac,  700.8;  Mon-' 
tcrcy,  714;  France.sville,  680;  MedaryviUe^  688.1;  Claiks,  7064;  Anthfrnya, 
706.6;  Lawton,  713;  Beardstown,  713. 
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PUTNAM  COUNTY. 

The  gladal  drift  in  Putnam  County  is  tliin  w  fhat  fhe  Mrodc  is  exposed 
in  many  places.  The  drift  is  of  {jrreatcr  thickness  in  the  northern  part  of  the 
county  than  in  the  southern  part,  and  consequently  the  outcrops  of  the  bedroek 
are  more  numerous  in  tbe'latter.  The  rocks  underlying  the  drift  bdong  to  the 
Xnohstonc^  Warsaw,  Salem»  Hitdiell  and  Chester  divisiMns  <rf  the  Mississippian 


Fie.  CXLVni.   Map  ^bomtng  autline  of  amall  nntidino  on  the  State  Fkum  B«er  Patnaavillt. 

Contonn  on  the  surface  of  limc«tonr. 

and  Pottsville  (Mansfield)  and  coal  measures  (Allegheny)  divisions  of  the 
Pennsylvanian.  In  the  southern  part  of  the  county  in  the  region  occupied  by 

the  Chester  and  the  Penn.sylvanian  divisions  the  struilm^il  conditions  maybe 
determined.  A  small  structure  has  been  outlined  by  the  writer  on  the  State 
Farm,  and  others  may  exist  in  the  county. 
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A  well  was  drilled  in  Section  28  of  Russell  Township  to  n  depth  of  800  feet. 
It  probably  encountered  the  Corniferous  limestone  in  the  Devonian,  at  which 
point  a  strong  flow  of  salt  water  and  a  slight  showing  of  gas  were  encountered. 

A  well  at  Reelsville,  in  Washington  Township,  ut  an  elevation  of  600  feet 
above  sea  level,  penetrated  the  Niagara  limestone  at  1240  feet  and  secured  an 
artesian  supply  of  salt  water. 

Balnbridge.  A  well  was  drilled  on  the  Miller  farm,  one  and  one-half  milee 
west  of  Bainbridgp,  to  a  depth  of  ir>47  feet.  A  little  oil  was  obtained  at  1450 
feet.  This  was  evidently  in  the  Trenton,  the  surface  of  which  must  be  about 
1400  feet  or  a  little  below. 

Several  wells  hav«  been  drilled  around  Greencastle,  but  no  records  have 
been  obtained. 


This  county  lies  within  the  glaciated  area,  where  the  drift  is  from  25  to  150 
feet  thick.  The  drift  rests  upon  the  eroded  surface  of  the  Niagara.  The  con- 
cealment of  the  bedrock  prevents  the  determination  of  the  structural  conditions 
favorable  to  the  acciunulation  of  oil. 

WMU  JKvsr  Townahip.  The  first  well  drilled  in  WindMSter  passed  through 
the  followinc  atrataF: 

Drift    147  feet 

Niagara  limestone   110  feet 

Niagara  shale   40  feet 

Hudson  River   430  feet 

Utica  shale    330  feet 

Trenton  limestone   20  feet 


Trenton  below  sea  levd,  24  feet  A  feeble  flow  of  gas  and  a  few  barrels  of 

oil  were  obtained.  A  second  well  drilled  one  mile  north  of  No.  1  found  the 
Trenton  38  feet  higher,  well  shot,  only  a  feeble  flow  of  gas.  No.  3  was  drilled 
one-fourth  mile  northeast  of  No.  2,  and  the  Trenton  found  72  feet  above  sea 
level,  well  shot,  How  feeble.  No.  4,  located  west  of  No.  1,  yielded  a  little  gas  and 
oil,  as  did  No.  5,  located  east  of  No.  3.  No.  6,  located  three-quarters  of  a  mile 
northea.st  of  Winchester,  reached  the  Trenton  at  1044  and  yielded  gas  at  1056 
to  1060.  No.  7,  located  .sixty  rods  southeast  of  No.  G,  reached  the  Trenton  at 
1036  feet  and  gas  between  1060  and  1071.  No.  8,  located  one-half  mile  north- 
east of  No.  7,  was  dry.  No.  9,  located  forty  rods  north  of  No.  7,  gave  a  good 
flow.  No.  10,  located  south  of  No.  7,  p>roduoed  1,500,000  cubic  feet  per  day. 

Wells  drilled  on  the  Prickctt  farm  in  Section  28,  southeast  of  Winchester, 
produced  20  barrels  of  oil  per  day. 


RANDOLPH  COUNTY. 


Total  depth 


1077  fest 


Record  of  Priclwtt  Wells. 


Drive  pipe  .... 

Casing  

Top  of  Trenton 
Total  depth  ... 


85  feet 
226  feet 
1091  feet 
1166  4eet 
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Wdb  drilled  on  tiie  Eliza  Goodrndi  furm,  neftr  Windiefiter,  produced  a 
small  amomit  of  qU  and  gaa.  The  records  of  two  of  these  wdk  are  as  fd- 

No.  7  No.  8 

Drift   102  feet    70  feet 

Niagara  limestone   85  feet  110  feet 

Hudson  River   549  feet  520  feet 

Utiea  ahak   800  fast  892%  floet 

Trenton  limestone   49  feet    51H  feet 

Total  depth   1085  feet  1084  feet 


I'ii.-.  rXI.TV.  Mhii  i>f  Rnniliilph  rounty  showinc  ligation  of  msOCliecl  abandoned  wells.  The 
western  part  of  Grv«n  >nd  Monrov  townships  is  oil  territory  and  the  w«st«m  part  oC  Stony 
Ciwk  and  Kcttie  Cntk  U  n*  torritary. 


Wells  have  been  plugged  in  this  township  as  foil  ows;  Section  2,  1  well; 
Section  3,  1  well;  Section  4,  1  well;  Section  5, 1  well;  Section  9,  2  wells;  Section 
15, 1  wdl;  Section  16, 1  well;  SeetUm  22, 1  wdl;  Section  27, 1  wdl;  Seetim  82. 
1  well;  Section  35,  1  weU. 

Monroe  T'li'-nship.  Seven  wells  were  drilled  nt  Farmland.  Four  prodnoed 
some  gas.  A  ^tion  of  well  No.  1  is  given  below: 
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Faxmland  Wdl  No.  1. 

Drift   :   65  feet 

Niagara  limestone    160  feet 

Hudson  River    685  feet 

Utica  shale   185  feet 

Trenton  limestone   32  feet 

Total  depth   1017  feet 

Trenton  above  sea  level   55  feet 


Oil  was  found  in  this  township  in  Section  3,  4,  5,  8,  9, 10, 11, 15, 16, 17,  21, 
gas  in  9  and  27.  Wells  abandoned  are  located  In:  Section  1, 8  Wis;  Seetion  8, 

1  well;  Section  5,  4  wells;  Section  7,  1  well;  Section  8,  1  well;  Section  9,  2 
wells;  Section  10,  1  well;  Section  12,.  1  well;  Section  13,  1  well;  Section  15,  1 
well;  Section  17,  4  wells;  Section  32,  1  well;  Section  33,  5  wdls;  Section  34, 
2wdl8.  . 

Stony  Creek  Township.  Oil  was  obtained  from  Sections  19  and  30.  The 
record  of  a  dry  hole  in  Section  32  is  given  below: 


Drive  pipe   .*   64  feet 

Casfaigr    820  feet 

Top  of  Trenton   956  feet 

Total  depth    307  feet 


Greene  Touniship.  Oil  was  found  in  Sections  20,  28  and  29.  Wells  have 
been  plugged  in  Sections  2, 1  well;  Section  6, 1  wdl;  Seeticm  8, 2  wells;  Section 

20,  1  well;  Section  21,  1  well;  Section  23,  1  well;  Section  24,  2  wells;  Section 
27,  1  well;  Section  29,  1  well;  Section  35,  1  well. 

Section  1,  B.  12      Greene  Township. ' 


Top  soil   42  feet 

Lime  :   220  feet 

Shale  i..  <^  feet 

Drilled  446  feet  into  Trraton. 

Total  depth   1402  feet 

Dry  hole.   Showing  of  oil  very  good  at.  1006  feet 

Skowins  of  sand  favorable  for  oil  1260  feet 

Well  shot  No  good  results. 

Section  26,  T.  21  N.,  B.  11  E.,  J.  W.  Bartlett  Farm. 

Top  soil   46  feet 

Lime   280  feet 

Shales    682  feet 

Trenton  at   958  foot 

Into  Trenton   145  feet 

Total  depth   1108  feet 

Oil  showing  at   975  feet 

Good  oil  showing  at  1103  feet 


Franklin  Toumship.  At  Ridgeville  three  dry  holes  were  drilled.  The 
Trenton  was  readied  at  961,  2  feet  above  sea  levd.  A  well  was  drilled  and 
abandwied  in  Seettcm  28,  on  the  J.  M.  Addington  property,  in  1919>. 
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Winjnr  Toif^iship,  A  little  gas  was  found  at  Union  City.  Four  wells  were 
drilled.  In  well  No.  4  north  of  the  city,  the  Trenton  was  reached  at  1093  and 
is  83  f«et  Mow  aea  leveL  The  record  of  the  first  well  kepi  by  A.  Jaqua  is  m 
fellows: 

Union  City  WeU  No.  1. 


Drift    98  feet 

White  limestone  (Niagara)   72  feet 

Dark  ^ray  limestone   62  feet 

Bluish  limestone   38  feet 

Niagara  shale    40  feet 

Clinton  (?)  limestone   15  feet 

Bluish-green  shale   400  feet 

Gray  shale   175  feet 

Brown  shale    175  feet 

Black  shale    80  fM 

Trenton  limestone   525  feet 

Gray  sandstone  (St.  Peter)   100  feet 

Total  depth  1780  feet 

Altitude  of  weU  1079  feet 


Another  wdl  at  Union  City  yielded  traces  of  gas  between  depths  1166  and 
1162  feet  The  record  of  this  wdl  follows: 


Union  City  WelL 


Drift    98  feet 

Niagara  limestone   260  feet 

Hudson  River  and  Utica   800  feet 

Trenton  limestone   540  feet 

Total  depth   1688  feet 

Trenton  below  sea  level   40  feet 


Nettle  Crtek  Towmthip.  A  well  was  drilled  at  Losantville  and  after  pass- 
ing throuR:h  17:J  feet  of  drift  and  821  feet  of  rock  the  Trenton  was  reached  at 
994  feet.  The  total  depth  was  1105  feet.  No  oil,  ga.s  or  water  wa^i  found  in 
the  Trenton.  The  top  of  the  Trenton  is  146  feet  above  sea  levd. 

Waahingtvn  Township.  Abandoned  wells  are  located  in  this  township  as 
lollows:  Section  5,  1  well;  .Section  9,  :t  wells;  Section  10, 1  Well;  Section  14, 
1  well;  Section  16, 1  wdl;  Section  16, 1  well. 

Jackson  Towns-liii}.  Wells  have  been  abandoned  in  this  township  as  fol- 
lows: Section  4,  1  well;  Section  6,  2  wells;  Section  7,  2  wells;  Section  8,  2 
wdls;  Section  29,  1  well. 

Ward  Township.  Abandoned  wells  are  located  as  follows:  Section  11,  1 
well;  Section  12,  1  weU;  Section  28,  2  wdls;  Section  24,  1  weU;  Section  86. 
4  wells;  Section  34, 2  wdls. 
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RIPLEY  COUNTY. 
The  geological  formatioiiB  represented  by  ooteraiM  in  this  county  are  ghren 

Qaaternaty  [Recent,  Alluvia!  sands  and  clays. 

]  Pleistocene,  glacial  gravel,  sands  and  till. 

Devonian    Limestones. 

Silurian    Limestones  and  shales. 

Ordovician   Shales  and  limestones. 

The  Pleistocene  coverinfr  the  bed  rock  varies  from  a  few  feet  to  fifty  feet 
in  thickness  and  rests  on  the  eroded  surface  of  the  bed  rock.  The  latter  out- 
crops at  many  pdnts  r»  that  it  may  be  poasible  to  determine  the  structural  eon- 
dition?  by  surficial  obsei'vations. 

The  surface  of  the  Trenton  is  about  sea  level,  in  the  eastern  part  of  the 
comity,  and  lies  probably  as  nradi  as  160  feet  below  in  the  westcni  part  of  the 
county.  If  the  .structural  conditions  are  favorable  there  is  a  possibility  of  oU 
or  gas  accumulations  in  the  Devonian  and  the  Trenton  strata. 

RailTDad  Eleratioiis. 

Milan,  1,007;  PierceviUi^  1,007;  Osgood,  900;  Dabney,  966;  Holton,  928; 
Svnman,  1,016.6;  Uonis,  997.6. 

RUSH  COUNTY. 

Rocks  belonging  to  the  Devonian  and  Silurian  periods  form  the  bedrocks  of 
this  county.  The  glacial  drift  lies  i^on  the  surf aee  of  ilieoe  Amnntiona  to  a 
depth  of  from  50  to  100  feet  and  prevents  tiie  determination  of  stmetnral  cm- 

ditions. 

Rushville  Township.   At  Roshville  three  wells  obtained  gas.    The  record 


of  wdl  No.  1  is  given  bdov: 

Drift    60  feet 

Chert  and  cherty  limestone  (Comiforoos)   40  feet 

Niagara  limestone  and  shale   200  feet 

Hudson  River  limestone  and  shale   200  feet 

Utica  shale    360  feet 

Total  to  Trenton   860  feet 

Trenton  above  sea  level   124  'feet 

Fnm  drillings  preserved  by  G.  W.  Clarfc,  FhimMy  constructed  the  follow- 
ing record  of  one  of  tiie  wells: 

Drift   48  feet 

White  limestone    42  feet 

Blue  limestone   30  feet 

Gray  limestone  (Clinton)   ^  feet 

Hudson  River  limestone  and  shale   420  feet 

UUca  shale   262  feet 

Gray  Unestone   26  feet 
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Depabtmbnt  of  Conbbbvation 


Brawn  limestone,  Trentini   86  feet 

^miite  limestone    80  feet 

Total   088  feet 

Alitade  of  well   990  feet 

Uhioii  Townnkip.  At  Glenwood  the  top  of  the  Trenton  was  readied  at  960 
feet,  or  166  feet  above  sea  level. 

A  well  at  Milroy  in  Anderson  Tbwnship  was  unprodactive. 
lUpUif  TovmtMp.  A  loff  of  a  wdl  drilled  at  Carthage  is  as  fdlows: 

Drift    SOfeeC 

Limestone   100  feet 

Shale   070  feet 

Trenton  limestone   80  feet 

Total  depth   840  feet 

Wens  drilled  and  abandoned  In  this  township  are  as  follows: 

Owner.                                     Section.      Date.  Wells. 
J.  Phares   10         1912  1 


Noah  Moore 
.1.  Vusbindcr 


Section. 

Date. 

1912 

1912 

1912 

.  20 

1913 

.  26 

1912 

1916 

6 

1911 

.  28 

1912 

1911 

1912 

35 

1913 

Wa^skingtim  Township.  A  large  number  of  wells  were  drilled  in  this  town- 
flhip.  The  followinir  have  been  abandoned :  Section  1, 8  wells ;  Section  8, 1  well ; 

Section  14,  1  well;  Section  33,  1  well;  Section  4,  3  wells;  Section  5,  2  wells; 
Section  16,  2  wells;  Section  34,  1  well;  Section  1,  6  wells;  Section  8,  3  wells; 
Section  22, 1  wdl;  Section  9,  2  wells;  Section  11,  6  wells;  Seetion  26,  2  wdls; 
Section  12,  2  well  ;  Section  13,  1  well;  Section  32,  1  well. 

Jarkfon  ToirtK^hii).  W'cUs  were  drilled  and  almndoned  in  the  following 
Sections:  5,  6,  10  and  20,  one  well  each. 

Posey  Township.  A  wdl  drilled  in  Seetion  4  was  abandoned  in  1911,  on 

J.  Piper  property. 

WaJkcr  Tomu-ihip.  A  well  on  the  Tillie  Trees  property  in  Section  16  was 
abandoned  in  1913. 


SCOTT  COUNTY. 

Th«  geological  fonnations  outcropping  in  this  coun^  bdong  to  the  Defvo- 
nian,  Misgi<;sippian  and  Quaternary  periods.  The  divirions  represented  are 

given  below: 

Qnatemary  /  ^^^"^^ — Clays  and  alluvium. 

 \  Pldstoeene — Sands,  gravels  and  till. 
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Mississippian  /  Knobstone-ShalM  and 

I  Hockf ord — Lunestones. 


Devonian 


New  Albany — Shales. 

Sellersburgr — ^Lunestones. 
Silver  Creek — Limestones. 
JeffersonviUe— Limestones. 


-  Si 


Because  of  thr  lomoval  of  much  of  the  repolith,  outcrops  of  the  durolith 
are  perhaps  numerous  enough  to  permit  the  determination  of  the  structural 
ooiiditioiu  for  tiie  greater  part  of  the  county.  The  best  lEejr  htnlaon  will  be  the 

contact  between  the  Scllersburj?  limestone  and  the  New  Albany  shales  for  the 
eastern  part  of  the  county  and  the  Rockford  limestone  for  the  western  part. 

Three  deep  wells  were  drilled  in  this  county  in  search  of  oil,  but  no  pro- 
duction was  obtained  and  the  records  of  the  wells  were  not  obtained. 

Railroad  EHevationa. 
.  Blocher,  677;  Lexington,  620. 

SHELBY  COUNTY. 

The  drift  in  Shelby  County  varies  in  thickness  from  60  to  160  feet  and 
overlies  Devonian  limestones  and  shales.  There  are  a  few  oatcropa  of  Silurian 
rocks  in  the  southeastern  part  of  the  county. 

Addison  Tounuthip.  According  to  Phinney*,  five  wells  were  drilled  in  the 
vieinity  of  Shelby ville.  He  gave  the  following  general  section: 

Drift    45  feet 

Limestoiie    2G.5  feet 

Shale   627  feet 

Trenton  limestone   100  feet 

Total  depth    937  feet 

Altitude  of  well   772  feet 

Lbgs  of  the  iirst  two  wells  drilled  at  Shelbyville  are  given  below: 

No.  1        No.  2 

Drift   48  feet    80  feet 

Comiferous  ]iniestone   30  feet 

Niagara  limestone   102  feet  feet 

Hudson  River  limestone  and  shale   657  feet   . . . 

Trenton  limestone   86  feet 


•  •  • 


Total  depth   928  feet  849  feet 

Trenton  below  sea  level   79  feet 


»  •  * 


Hanover  Township.  At  Morristown  a  well  drilled  on  the  Charles  F.  Muth 
farm  was  reported  by  Phinney'  as  in  No.  1  below  and  by  Gorby*  as  in  Nq.  2. 

No.  1  No.  2  '■ 

Drift                                             140     feet  140  feet 

Limestone                                      20    Htit  ... 

Niagara                                               120     feet  130  feet 

Hudsm  River  and  Utica  shale              638\i  feet  628  feet 
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Department  of  Conservation 


Two  welLs  were  abandnwd  in  Section  1,  three  in  Section  17  and  one  in 
Rpction  18.  The  Trenton  was  reachod  at  St.  Paul  in  Noble  Township  at  820 
feet.  The  thickness  of  the  drift  is  <J0  feet  and  the  altitude  is  844  feet. 

Marion  Toumahip.  A  well  drilled  on  Uic  S.  A.  Hanren  property  in  Section 

6  was  abandoned  in  1911. 

Vniov  Toirrishij).  A  well  drilled  on  the  property  of  H.  W.  and  J.  W.  Moore 
was  abandoned  in  1^11,  and  one  on  the  property  of  Charles  Bro«m  in  Section 


17  in  1918. 

Van  Buren  ToumsMp.  Welb  drilled  on  the  proper^  of  Waltar  Hadky  and 
Elias  Miller  in  Section  17  were  abandoned  in  1913. 


The  strata  oceupyins  almost  the  nirtiole  of  the  snrfaee  of  Speneer  County 

belonji:  to  the  Allegheny  division  of  the  Pennsylvanian,  though  some  outcrops  of 
the  Pottsville  probably  occur  on  the  banks  and  in  the  bed  of  the  Anderson 
River,  which  forms  the  eastern  boundary.  The  rocks  are  sandstones,  shales 
and  limestones  with  intercalated  beds  of  coal.  Three  divisions  of  coal  oeeor  in 
the  county.  Tt  is  po.^^.'jible  that  coal  and  some  of  the  associated  limestones  may 
prove  valuable  as  key  formations  by  the  use  of  which  the  structure  may  be 
determined.  Gas  lias,  beoi  found  in  the  county  in  JaeloNm  Township,  near 
Graysville. 

The  following  is  a  record  of  the  well  drilled  on  the  Fred  Frakes  farm. 
Section  8,  R.  6  W.,  Jadcaon  Townaliip,  near  GentiyviUe,  Spenenr  County: 

19-indi  drive  pipe   80  feet 


Capacity  of  first  twenty-four  hours,  1,000,000  cubic  feet.  A  well  was 
drillad  in  Section  1  of  this  township  in  1918,  three  miles  east  of  Grayaville. 

Two  dry  holes  were  drilled  in  1916. 

Harritnn  Towmhip.    A  well  was  drilled  north  of  St.  Meiniad  in  Section 

12  in  1913  without  securing  production. 

Railroad  Elevations. 
Dale,  488.0;  Lincoln  City,  459.0;  Gentryyille,  418.0;  Piseen,  408.0;  Un- 

cdnville,  459;  Buffaloville,  427;  Lamars,  411;  Evanston,  413;  Bradleys,  460; 
Chrisney,  447;  Millers,  423;  Ritchies,  409;  Rock  Hill,  400;  Rockport,  380. 


This  county  lies  on  the  north  side  of  the  extension  of  the  Cincinnati  arch 

passing  through  Indiana.  It.^  bed  rock  .strata  con.si.st.s  of  limestones  and  shales 
of  Devonian  age.  On  the  eroded  surface  of  these  rocks  there  has  been  de- 
posited an  overhurden  of  glacial  drift  which  attidns  a  thidmess  of  sereral 
hundred  feet.  Because  of  the  covering  of  glacial  drift  the  structural  condi- 
tions existing  in  the  bed  rock  of  this  county  can  not  be  determined  by  direct 
obaervatkm.  If  a  suiBeient  number  of  deep  well  reeonb  eoold  he  obtained,  tta 


SPENCER  COUNTY. 


8-inch  drive  pipe 
Showing  of  oil. . . 
8K-indi  easing  . . 


400  feet 
720  feet 
900  feat 
990  feet 

1025  feet 


Gas  sand  . 
Finished  . 


STARKE  COUNTY. 
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■tmetnres  n)i8:ht  be  determined.  Until  such  records  are  available  the  location 
of  ■feructures  favorable  to  the  accumulation  of  oil  and  gas  can  not  be  located 
if  sudi  exist  in  the  eottntjr. 

The  surface  of  the  Trenton  lies  between  2^0  and  500  feet  below  sea  levd 
in  this  county,  being'  nearer  .sea  level  in  the  .southern  part  of  the  county. 

Railroad  Elevations. 
Hamlet,  702;  Knox,  702;  Toto,  703;  North  Jndion,  697;  San  Pierre,  704; 
Grovertown,  719.8;  Dftvls,  681.7;  Om,  718;  Ban  Lake  Jet,  711;  Aldiae,  71S. 

ST.  JOSEPH  COUNTY. 

The  strata  of  the  Devonian  age  underlie  the  glacial  drift  of  this  county. 
The  glacial  drift  reaches  a  thickness  of  one  hundred  and  fifty  or  more  feet. 
The  dip  ef  the  bed  rock  is  toward  the  north. 

The  section  of  a  well  in  South  Bend  oonetmeted  from  driUinci  fumiabed 


Phinney'  by  J.  D.  Oliver  is  as  follows: 

Drift  sand  and  gravel   187  fleet 

Waverly  shale  (Muidi  green,  calcareous)   143  feet 

Black  shale    70  feet 

Brown  shale   25  feet 

Gray  limestone  Upper  (Hdderburv)   60  feet 

Blue  limestone    20  feet 

Lower  Helderburg,  with  gypsum   170  feet 

Water  lime   55  feet 

Niagara  limestone  (jrray,  buff  and  white)   470  feet 

Buif  Clinton  limestone   SO  feet 

Hudson  River  limestone  and  shale   290  feet 

Utica  shale   183  feet 

Trenton  limestone  (chocolate  colored)   85  feet 

Total   1670  feet 

Altitude  of  well  785  feet 

Salt  water  was  encountered  at  875,  610  and  1,670  feet. 

The  record  of  a  wdl  drilled  on  the  Studebaker  farm  feUows*: 

Drift   160  feet 

Sub-Carboniferou.<^  and  Handlton  shale..........  220  feet 

Comiferous  limestone    (K)  feet 

Lower  Hdderbvrg  limestone   40  feet 

Niapara  lime.'itone  ,   640  feet 

Clinton  (?)  limestone   60  feet 

Hudson  River  and  UtIca   420  feet 

Trenton  limestone    427  feet 

Total  depth  2027  feet 

Trenton  below  sea  kvel   866  feet 

Yielded  no  gas  or  oil. 


The  structural  conditions  of  the  durolith  in  thi<;  county  cannot  be  deter^ 
mined  by  direct  observation  because  of  the  glacial  drift  whidi  conceals  the  out- 
crop of  the  strata.  The  surfaee  of  the  Trenton  lies  from  600  to  IfiOO  feet 
below  sea  levd. 
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DfiPABTlCENT  OF  Ck>N8EBVATI0N 


STEUBEN  COUNTY. 

The  strata  underlying  the  glacial  drift  in  Steuben  County  belong  to  the 
Mis&is^iippiun  and  the  Devonian  periods  of  geological  times.  The  bed  rock 
formation  consists  of  shales  and  limestone.s.  The  outcrops  of  these  rocks  are 
concealed  by  a  thick  mantle  of  glacial  drift  which  was  deposited  on  their 
eroded  iiurl'act;  and  attains  a  total  thickness  of  several  hundred  feet.  The 
dip  of  the  bed  rock  is  toward  the  nortii  away  from  the  westward  extensim  of 
the  Cincinnati  arch  through  Indiana.  Because  of  the  glacial  drift  the  struc- 
tural and  the  stratigraphical  conditions  of  the  bed  rock  can  not  be  determined 
hy  snrfldal  methods  <tf  obserratioin.  Deep  well  xceorda  are  not  at  present 
available  for  the  determination  of  the  structure  by  the  use  of  .'subsurface  data. 
Prospecting  for  oil  and  gas  in  this  county,  for  the  above  reasons,  will  prove 
extremcSy  liasardoos. 

The  .surface  of  the  Trenton  probably  lies  between  1,500  and  2,000  feet 
below  sea  level  in  thiti  county,  being  nearer  the  surface  in  the  southern  part. 

Railroad  Elevations. 

Hamilton,  926;  Ashley,  999;  Fredrick,  972.2;  Helmer,  986;  Stubenville, 
991;  Pleasant  Lake,  976.1;  Angola,  1,055.3;  Fremont,  1,058.1;  Ray,  1,077.8. 

SULUVAN  COUNTY. 

(By  Dr.  S.  8.  Vidwr.) 

Loeation.  There  are  seven  major  pools  or  oil  Adds  producing  at  present 
in  Sullivan  County.  These  pools  are  about  30  mile.s  south  of  Terre  Haute, 
in  the  Wabash  Valley.  They  are  within  a  few  miles  of  Sullivan,  northwest, 
west  and  southwest  Their  combined  area  is  about  twelve  square  miles.  The 
location  of  the  pools  is  shown  on  the  aoeompanyine  nap  on  which  the  devstion 
of  numerous  points  is  also  shown. 

Production.  The  present  production  is  about  380  .barrels  per  day.  Wide- 
qiread  production  commenced  in  August,  191S;  it  became  considerable  in  1914, 

reAChin).;  3,000  barrels  a  day  by  Jtme  1;  increased  .somewhat  in  1915  and 
readied  a  maximum  in  that  year.  Since  1915  it  has  declined  somewhat 
steadily,  in  spite  of  the  opening  of  two  new  pools  and  the  bringing  fn  of  a 
number  of  producers  in  the  older  pools.  Tlie  daily  production,  when  greatest, 
was  about  M,500  barrels  per  day,  or  nearly  three  times  the  present  production. 

Number  of  Wells.  October  1,  1919,  about  480  wells  were  being  piunped. 
More  tium  wdls  have  been  sunk  for  oil  in  the  county.  (Four  hundred 
between  April  1.  1913  to  June  1,  1914,  of  which  225  wore  producci-s,  according 
to  Barrett.)  Probably  more  non-producing  wells  have  been  drilled  in  the 
county  than  producers.  Every  month  a  few  wells  formerly  pumped  are 
abandoned,  because  it  no  lonpcr  pays  to  pump  them.  Two  outfits  are  at 
present  engaged  in  drilling  new  wells.  Before  the  war,  several  outfits  were 
kept  busy  thus.  New  producers  are  added  to  the  total  of  producers  every 
month,  but  more  wells  are  abandoned  than  added,  that  the  number  of  pro- 
ducing wells  is  decreasing,  and  has  been  for  the  last  two  or  three  years.  The 
decrease  in  production  is  greater  than  the  decrease  in  the  number  of  wells, 
however,  the  declining  yield  of  tlie  existing  wells,  being  the  cause. 

The  averafe  prodaetioa  per  well  is  already  distinctly  leas  than  a  barzd 


Digitized  by  Google 


Hand  Book  op  Indiana  Gholoot 


986 


per  day.  Many  wells  yielded  20  barrels  their  first  day,  and  some  yielded 
100  to  160  and  a  f e«r  somewhat  more.  At  present,  many  weHs  yield  as  Utile 

as  one-fourth  barrel.  With  the  present  high  price  of  oil,  a  producer  is  not 
abandoned  until  it  yields  less  than  that,  unless  it  needs  recasing. 

The  presence  of  480  ivells  in  an  area  of  12  square  miles,  means  that  on 
the  average  there  arc  40  wells  per  square  mile.  In  the  better  parts  of  the  12 
square  miles,  the  wells  are  drilled  only  400  or  460  feet  apart,  9  on  each  40 
acres;  wells  being  drilled  200  feet  from  the  outside  lines  of  the  40  and  on  a 


Ptff.  CL.   Map  of  Sullivan  Connty  Avming  the  location  of  the  oil  lleMa. 

central  row  where  each  well  is  460  feet  from  another  of  the  tract.  Nine 
wells  on  a  40,  is  at  the  rate  of  144  per  square  mile. 

"Wild-catting"  i.s  the  only  method  known  in  this  area  to  dipcovcr  new 
pools.  Wells  are  drilled  at  increasing,  or  irregular  distances  from  the  original 
producing  area.  If  a  pool  extends  fiiat  far,  production  is  obtained;  if  it  does 
not  extend  that  far,  a  "dry  hole"  results,  unless  a  new  pool  is  entered. 

Similarity  of  the  Pools.  The  pools  of  Sullivan  County  arc  ."Similar  in 
several  respects:  (1)  the  oil  is  of  similar  quality,  a  good,  light  oil,  for  the 
most  part  (ISuA  ia  tlie  Bragdim  pool  is  the  heaviest;  iliat  in  the  Shdbnni 
or  Heim  pool,  tiie  li^test  AH  the  oil  is  pmnped  togeihar  to  tiie  xeOnezy. 
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The  refinery  for  Illinois  Pipe  Line  Company  is  at  Marshall,  HL)  (2)  The  oil 
all  comeB  feom  **mi  mnds.**  <8)  The  depth  to  correapondfaig  rock  fi»matloiM 

is  approximately  the  same  in  all  the  pools  because  the  surface  slopes  to  the 
soutiiwest  at  approximately  the  same  rate  that  the  rock  formations  dip  in  that 
direction.  The  r^on  has  slight  lelief.  (4)  In  all  the  pools,  all  the  four  oil 
sands  are  present.  In  one  of  them,  all  the  four  sands  are  productive.  Eadl 
of  the  four  sands  is  the  chief  productive  sand  in  one  or  mors  of  the 
(5)  The  pools  are  all  small,  the  largest,  the  Shelbum  w  Heiins  has 
able  production  from  only  three  square  miles.  The  smallest,  the  Bragdovi  is 
only  40  acres.  (6)  The  production  per  well  averaged  approximately  the  same 
in  each  pool  when  it  was  opened  up.  (7)  The  decline  per  well  in  yield  has 
been  at  a  somewhat  similar  rate  in  each  of  tiie  pools.  (8)  Most  of  the  prodne- 
ing  wells  yield  a  little  gas,  more  when  new  than  later,  however.  (Five  strong 
gas  wells  have  been  struck  in  the  county,  but  none  in  a  pool.  Four  are  just 
■OBflwast  of  the  Scott  pod,  naar  Snilinui.  Thdr  gas  is  piped  to  the  city. 
(9)  In  none  of  the  pools  is  the  main  gas  sapply  associated  with  the  oil  sands. 


Prodnetion,  Etc.,  of  the  Svllivan  Covn^  Oil  Pools. 
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.  2.  3  and  4 
1  and  2 
4 

3  and  4 
4 

iMda 
s 


D(>pth 
ol8and 


100-130 
130  185 
lNft-280 
290-300 


Geology  of  the  Pools.  Production  is  obtained  in  Sullivan  County  from 
four  oil  sands.  The  highest  of  these  is  quite  certainly  along  the  unconfonoi^ 
between  the  Allegheny  and  the  Pottsville  Divisions  of  the  Coal  Measvi^.  It 
occurs  below  Coal  III  and  in  most  places  above  the  level  of  the  lower  Minshall 
coaL  As  is  to  be  expected  on  an  erosion  surface,  this  sand  is  higher  at  some 
points  than  at  others.  It  is  about  90  feet  below  Coal  III  in  many  peaces, 
elsewhere  It  is  only  40  feet.  In  some  places  it  is  found  below  the  level  at 
which  the  upper  Minshal!  coal  ocrurf;  in  not  distant  wells.  In  none  of  the 
logs  however  was  it  found  actually  below  that  coal  though  in  some  composite 
logs  it  is  necsflsariiy  so  .shown.  Erosion  removed  both  the  upper  and  lower 
Minshall  coals  at  some  points.  The  sand  deposited  along  such  an  erosion  valley 
might  be  below  the  level  of  these  coals  where  they  occur  in  intervalley  areas. 
The  existence  of  sadi  valleys  is  indented  by  a  nmnber  of  the  well  rsems. 

The  second  and  third  oil  sands  are  a  short  distance  below  the  lower  block 
coal  and  are  thus  in  the  Mansfield  sandstone  of  the  Pottsville  Division  of  the 
Feniisylvanian  Formation  (The  Coat  Mearares**).  The  lowest,  fourdi,  oil 
sand  is  probably  also  in  the  Mansfield,  but  it  may  be  bardy  pOBslMe  tfiat  it 
is  in  the  uppermost  Mississippian  Formation,  the  Chester.  ( 

The  correlation  of  the  coals  npon  which  the  above  eondvslons,  as  ^  Uie 
ages  of  the  oil  sands  depends  in  part  was  by  means  of  (1)  Ashley's  id^ntifi* 
cations  of  the  higher  ooak  in  the  mines  Just  east  of  the  pools,  at  Shdbum, 
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Stttthran,  Farmenlrarp  and  Cuny.    (2)  Upon  the  spadngs  of  the  coab  and 

their  thickness  as  compared  with  the  conditions  stated  by  Ashley  in  the  1898 
and  1908  reports  of  the  State  Geologist,  to  be  characteristic  of  these  horizons 
where  they  are  penetrated  by  many  mines  in  the  eastern  half  of  this  county. 
(8)  A  few  logs  are  sidBdcntly  detailed  so  far  as  the  rocks  overlying  and 
underlying  the  coals  are  concerned  so  that  some  of  the  coals  may  be  identified 
by  characteristic  roof  or  floor  rock.  (4)  Coal  IV  contains  more  gas  in  this 
am  than  does  the  other  coals.  In  some  of  the  logs  mention  is  made  of  thia 
gas  at  this  horiron  and  hence  has  aided  in  the  correlation.  It  is  of  course 
recognized  that  there  may  be  mistakes  in  the  numbering  of  the  coals  in  the 
itSknriug  logs.  The  detenninatioo  of  the  age  of  the  oil  sands  does  not, 
however,  depend  solely  upon  the  correlation  of  the  coals.  The  clear  evidence 
of  the  erosion  surface  occupied  by  the  first  (Heims  or  Shelbum  pool)  oil  sand 
is  independent  of  the  eonelatioa  of  the  coals.  The  existenee  of' three  eoals 
below  this  oil  sand  proves  that  it  is  not  Mansfield  in  age,  as  it  has  been  con- 
sidered. The  fact  that  no  coal  has  been  found  below  the  lower  oil  sands  in  the 
ssveral  vnSh  which  have  gone  deeper  proves  that  these  sands  are  bdow  the 
Block  coal.  The  fact  that  the  second  and  third  sands  are  within  a  hundred 
feet  or  so  of  the  lowest  coals  proves  that  they  are  Pennsylvanian  in  age,  rather 
than  older. 

The  existence  of  more  than  two  productive  sands  has  not  previously  been 
clearly  recognised  in  this  oil  field.  Many  operators  have  assumed  indeed,  that 
there  Is  only  one,  in  spite  of  indisputable  evidence  to  the  contrary  long  avail- 
aUe.  Sonne  few  operators  reeognized  that  two  sands  are  productive,  and  one 
operator  suspected  that  three  are.  A  study  of  the  more  than  100  well  records 
upon  which  this  study  is  largely  bused,  showij  that  a  failure  to  appreciate  that 
more  than  one  oil  sand  is  productive,  has  reduced  production  greatly.  Many 
well  record.^  show  that  drillinp:  was  terminated  only  a  few  feet  above  the  hori- 
zon where,  in  not  distant  wells  valuable  production  was  obtained.  In  not  a 
few  eases,  a  small  aaoont  of  oil  was  ftmnd  in  one  of  the  Mg^er  sanAk  After 
pumpinj?  the  oil  out  of  this  sand,  the  well  should  have  been  deepened  to  the 
next  sand,  instead  of  being  abandoned,  as  it  has  been  in  nearly  every  case. 
Of  tiie  four  sands  whieh  yidd  oil  in  payinir  qusntities  In  one  or  more  wdls  In 
tllis  field,  the  top  sand  is  productive  in  at  least  two  pools.  It  is  entered  at 
tram  610  to  660  feet  depending  upon  the  topography  of  the. surface  and  the 
location  of  the  wdl.  Meet  of  the  production  In  tiie  chief  pool,  the  Hefans 
or  Shelburn,  is  from  this  level.  Much  of  the  production  from  the  Dodds*  Bridge 
pool  is  also  from  this  level.  The  second  sand  is  productive  in  at  least  three 
pools.  It  yidds  most  of  the  oil  in  the  Scott  and  the  Edwards  pools  and  madi 
of  that  in  the  Dodds'  Bridge  pool.'  The  third  sand  is  productive  in  at  least 
four  pools,  the  Edwards,  Harmon,  Scott  and  Heims.  The  fourth  sand  is 
productive  in  at  least  four  of  the  pools,  the  Bragdon,  Harmon,  Denny  and 
Heims.  The  second  sand  occurs  at  approximately  660  to  700  feet  varying  vrith 
the  pools  and  the  surface.  The  third  sand  is  at  about  730  to  775  and  the  fourth 
sand  at  800  feet  or  so.  The  depth  to  the  sands  is  les^  in  the  Heims  pool  than 
in  the  pools  to  the  west  or  south  because  the  rock  formations  dip  sonfhwest  at 
a  little  greater  angle  than  the  surface  slopes  in  that  direction. 

None  of  the  oil  sands  are  uniformly  productive.  Even  only  a  few  hundred 
feet  tnm  a  productive  well,  the  corrsspending  sand  in  another  wdl  may  iridd 
no  oil.  Commonly  such  a  non-productive  condition  is  due  to  the  sand  not  being 
porous.   That  is,  it  is  clayey.   In  other  cases  the  sand  is  so  thin  as  to  yield 
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little  oil.  In  still  other  cases  it  is  filled  with  water.  Some  of  the  \s'ater  is 
saity.  Before  abandoning  a  well,  where  the  sand  is  Med  with  water  it 
night  pay  to  pump  tlfee  water  a  while.  Sometimes  oil  is  obtained  after  the 
water  has  been  removed. 

The  productive  sand  is  from  20  to  30  feet  thick  in  most  of  the  producing 
wells.  Considerable  production  is  obtained  in  some  wells,  however,  from  sands 
lees  than  10  feet  thick. 

The  variation  in  the  thickiuss  of  the  sand  in  nearby  wells,  and  its  presence 
at  some  points  and  abbcnce  nearby  indicates  that  the  sand  deposits  are  len- 
ticular or  along  channels.  There  commonly  is  a  conspicuous  thinning  of  the 
sand  outward  from  the  center  of  the  pool.  In  most  dr>'  holes,  no  oil  sand, 
or  sand  of  any  kind  at  that  horizon  is  penetrated.  This  thinning  is  not  only 
at  fhe  edge.  Many  dry  holes  have  been  drilled  wifhin  pools.  In  most  of  them 
the  sand  is  so  impure  as  not  to  be  yiorous,  however.   In  some,  it  is  lacking. 

The  pools  are  not  known  to  be  related  to  any  local  folding  or  doming. 
Much  oil  elsewhftre  has  been  proven  to  have  aeeumulated  in  paying  quantities 
along  sandy  channels  of  ancient  streams.  The  evidence  at  hand  docs  not 
warrant  a  dogmatic  statement  in  regard  to  the  reasons  for  the  pools  of 
Sullivan  County  being  where  they  are.  The  indications  are,  however,  that  the 
several  pools  represent  knsss  of  sand  akng  the  valley  «f  an  aggrading  stream 
or  streams. 

The  fact,  established  by  a  number  of  well  logs,  that  the  depth  to  tiie  sand 

is  often  less  near  the  central  part  of  the  pool  than  near  its  periphery  probably 
is  to  be  explained  by  the  lenticular  shape  of  the  deposits  of  sand  rather  than 
as  being  due  to  doming.  The  depths  to  the  overlying  coab  do  not  clearly  indi- 
cate dynamic  doming.  The  fact  that  some  coals  are  higher  at  one  point  than 
nearby  often  shows  that  the  coals  themselves  were  not  laid  down  horizontally, 
because  often  one  coal  in  a  well  will  be  higher  than  normal  and  another  will 
be  lower,  deeper,  than  normal. 

Glacial  drift  of  considei able  thicknc-ss  overlies  most  of  the  area.  In  some 
wells  it  is  penetrated  for  nearly  100  feet,  in  others  it  is  very  thin.  It  has 
been  removed  by  erosion  along  some  of  the  valleys  in  some  of  the  pools.  In 
Dodds'  Bridge  pool  and  in  Scntt  pool  for  example,  a  .seam  of  coal  is  exposed 
in  the  valley  side  only  a  few  rod^  from  some  oil  wells  and  only  a  few  feet 
Iower> 

SPECIAL  PBOBLEMS. 

1.  The  present  cost  of  a  completed  wdl  is  about  |2,200.  When  most  of 

the  wells  were  drilled,  the  avera^re  cost  was  between  $1,600  and  $1,700.  At  the 
present  price  of  oil,  a  well  yielding  less  than  one-half  barrel  a  day  will  ordi- 
narily not  pay  for  itself,  even  if  located  moet  favorably,  in  respeet  to  otiier 
well:-.  Rather  than  abandon  such  a  well,  however,  it  pays  to  pump  it  if  it  can 
be  connected  up  to  a  nearby  pump.  It  will  bring  good  interest  on  the  casing 
and  pay  the  cost  of  pumping,  but  not  the  cost  of  drilling. 

2.  Salt  water  occurs  just  beneath  the  lowest  oil  sand  at  many  points. 
If  the  well  is  drilled  too  deep,  salt  water  may  enter,  making  the  well  value- 
less, in  many  eases.  Many  of  the  dry  holes  near  the  pools  and  elsewhere  stop 
in  a  salt  sand,  because  of  the  conviction  that  when  that  .sand  i.s  struck,  there 
is  no  further  hope  for  oiL  This  belief  is  supported  by  experience,  as  many 
wells  have  gone  deepw.  However,  salt  water  occurs  in  some  wells  at  levels 
far  above  the  lowest  oil  sand.  Thence  the  striking  of  salt  sand  is  a  proper 
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occasion  for  the  aliaiidoiiiiieiit  of  tiie  hole  only  when  it  is  strode  at  abont 

800  feet 

8.  Where  the  numerous  coal  seams  are  penetrated,  tiie  easing  is  etched, 
probably  by  sulphuric  acid  developed  from  the  sulphur  in  the  coal.  The  pipe 
becomes  bright  within  a  few  weeks.  Manjr  wells  have  to  be  recased  or 
abandonad  after  oniy  a  few  mmths.  (If  the  wall  doea  not  yidd  miufa  Uian 
one-half  barrel^  it  is  not  recased.) 

CONCLUSIONS. 

Sullivan  County  has  several  pools  now  yielding  oil.  The  oil  comes  from 
four  oil  sands  in  Hie  lower  Coal  Measures  partly  Just  above  the  PottsviUe, 
and  partly  from  the  Mansfield  horizon  of  the  Pottsville.  Undoubtedly  other 
pools  will  be  discovered  for  in  the  past  the  existence  of  the  four  oil  sands  has 
not  been  clearly  reeogniaed.  Haagr  wells  have  been  abandoiMd  before  tiie 
underlyin^^  .sunds  have  been  tested.  The  deepest  oil  sand  is  only  about  800 
feet  beneath  the  surface'. 

Composite  log  for  Helms  Pool.  Based  on  50  logs  to  first  oil  sand.  Aver- 
age devatkm  of  surface  about  528  feet  Surface  relief  in  area  about  20  feet: 


Coal  8,  (average  thidmess  8  ft.)  top  at. . , 

to  70 

feet 

to  150 

feet 

. . .170 

to  180 

feet 

to  240 

feet 

..  260 

to  280 

feet 

to  320 

feet 

...840 

to  . .. 

feet 

to  440 

feet 

Coal  3a  (6  ft)   

,..480 

to  500 

feet 

CkMa  8  (4  ft.)   

..620 

to  660 

ftet 

Gas  podcets  present  in  ooals  3  and  4. 


to  646 

feet 

....608 

to  .  . . 

feet 

to  640 

feet 

to  661 

feet 

6fin 

to  fiSO 

feet 

to  694 

feet 

....706 

to  706 

feat 

Salt  sand  or  oil  sand  (Osboin  pod) . . . . 

. . . .776 

to  815 

feet 

Composite  log  for  Section  35,  Fairbanks  Township  in  N.  W.  part  Heims' 
Pool.  Based  on  4  logs  for  coals  and  on  6  for  oiL  Elevation  of  surface  about 
500  feet: 

Coal  8,  top  at   to    70  feet 

Coal  6a   170  to  175  feet 

Coal  6   220  to  225  feet 

Coal  4   435+    ...  feet 

*Tlie  author  reeeived  much  tnfonnatlon  tnm  L.  M.  Crewi.  SbellKnii.  the  local  nunaser  of 

tl-.f  Ohio  Oil  Co.,  the  dominant  company  In  thin  area,  nml  from  John  Kurfns,  Sullivan,  the 
local  KUKvr  for  th«  lUinoii  I'ipo  Line  Co.    Some  of  the  loss  studied  are  Kiven  in  the  38th 
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Coal  8*  492  to  ...  feet 

Coal  3   550  to  .  .  .  feet 

Best  oil  (2  wells)  615  to  620  feet 

Best  oa  (2  wetb)  «45  to  ...  feet 

Best  oU  (2  wells)  668  to  669  feet 

Composite  loi^  from  Section  36,  Fairbanks  Township,  in  north  central  part 
of  Heins'  Pool.  Based  on  5  logs  for  coals  and  in  16  logs  for  sand.  Elevation 
of  surface  about  620  feet: 

Ceal  6a  top  at  175  to  205  feet 

Coal  6   top  at  "  215  to  226  feet 

Coal  5   top  at  310  to  320  feet 

Coal  4   top  at  425  to  460  feet 

Coal  3a  top  at  485  to  496  feet 

Coal  3    top  at  540  to  560  feet 

Best  oil  (7  wells)  616  to  620  feet 

Best  oil  (4  wellB)  661  to  681  ftet 

Beet oH  (1  wdl)  709  to  ...  feet 

Composite  log:.  Section  1,  Turnian  Township,  in  central  part  of  Ileinis' 
PooL  Based  on  11  logs  for  coals  and  18  logs  for  sand.  Elevation  of  surface 
about  680  feet: 

Coal  8  top  at  to  60  feet 

Coal  7    top  at  110  to  150  feet 

Coal  6a  top  at.  150  to  205  feet 

Coal  6  top  at  225  to  ...  feet 

Coal  5a  top  at  260  to  280  feet 

Coal  5   top  at  305  to  3 in  feet 

Coal  4   top  at  445  to  470  feet 

Coal  3a  top  ut  480  to  . . .  feet 

Coal  3    top  at  510  to  565  feet 

Beat  oil  (13  wells)  622  to  645  feet 

Best  oil  (4  wells)  666  to  676  feet 

Some  gas  found  in  eoal  8  and  above  it  and  in  eoal  4. 

Log  for  N.  N.  W.  N.  E.  >4,  Section  12,  Turman  Towndiip,  south 
edge  of  Heims'  Pool.  Elevation  about  625  feet: 

Coal  6a   178  to  178  feet 

Coal  6   288  to  240  feet 

Coal  4a   840  to  846  feet 

Coal  4   470  to  474  feet 

Sand  (oil)   640  to  656  feet 

Went  to  685  but  found  no  more  sand. 

Log  of  wan  1  mfia  west  oi  Hdnw*  Pool,  in  Section  3,  Tuman  Township 
(T.  8  N.,  R.  10  W.)  High  ground  about  600  feet: 

Coal  6   200  to  207  feet 

Coal  6a   250  to  253  feet 

Coal  8a   490  to  495  feet 

Oil  sand   619  to  634  feet 

Upper  block  coal  or  Minshall  655  to  . . .  feet 
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Log  of  Emery  Smith  well  No.  2,  S.  £.  ^,  Section  4,  T.  8  N.,  R.  9  W., 
wuthweat  erf  Shalbttni,  ftbovt  2  mfles  cast  of  Heints'  Pool.  Elevmtioii  of  top 
of  wieU»  540  i^: 


Gravel  and  quick  sand.... to    4:^  feet 

Hard  lime  sheU  to  49  feet 

Gray  sandstone  to  90  feet 

Gray  shale   to  120  feet 

White  slate  to  ISO  feet 

Gray  shale   to  165  feet 

Li^ht  sand  to  175  feet 

Black  slate   to  179  feet 

Coal  6a   to  184  feet 

fire  day  to  202  feet 

Brown  shale  to  225  feet 

Sandstone  to  230  feet 

Brown  slate   to  239  feet 

Hard  lime  shell  to  244  feet 

White  slate  to  250  feet 

Sandy  shale   to  266  feet 

Gray  shale  to  310  feet 

White  slate  ..;  to  335  feet 

Ctel  8   to  850  feet 

Black  slate  to  355  feet 

White  date  to  365  feet 

Brefwn  date  to  380  feet 

Blade  date  to  400  feet 


Record  of  William  Scott  well  No 
Township  9  N.,  R.  9  W.,  2  miles  east  of  Hetms'  PooL 
about  640  IM: 


Coal  4a   to  405  feet 

Brown  slate   to  420  feet 

Sandstone  •. .  .to  488  feet 

Coal  4   to  440  feet 

Gray  shale  to  445  feet 

Brown  diale  to  465  feet 

Lime  shell   to  460  feet 

Sandy  slate  to  465  feet 

Brown  shale  to  475  feet 

Co;;l  3a  and  Uaek  slate. .  .to  485  feet 

Gray  shale   to  495  feet 

White  slate  to  546  feet 

Brown  date   to  551  feot 

Coal  3   to  556  feet 

Brown  shale  to  580  feet 

Lime  diell  to  588  feet 

T.i^rht  slate   to  600  feet 

White  chocolate  sand  ...  .to  615  feet 

Blade  date  to  622  feet 

Dark  hard  oil  sand  to  633  feet 

Black  slate  to  643  feet 

Total  depth  to  648  feet 

Wdl  abandoned  July  6,  1919. 

1,  N.  W.  %  of  S.  E.  %  of  Section  88, 
Elevation  of  surface 


Gravd  and  sand  to  28  feet 

Pink  rock   to    30  feet 

Gray  sandstone   to  46  feet 

Gray  slate  to  70  feet 

Black  date  to   96  feet 

Pire  clay  to  105  feet 

Sandy  shale   to  140  feet 

Sandy  shale  to  172  feet 

Coal  6a   to  176  feet 

Fire  clay   to  186  feet 

Gray  sandstone  to  206  feet 

Black  slate  to  216  feet 

Coal  6   to  222  feet 

Fire  day  to  226  feet 

Dark  slate  to  240  feet 

Black  slate  to  260  feet 

Gray  diale  to  270  feet 

Hard  lime  didl  to  275  feet 

Coal  5a   to  277  feet 

BladE  date   to  320  feet 

U^t  date  to  860  feet 


Black  slate  to  880  feet 

Coal  4a  to  384  feet 

Brown  shale  to  440  feet 

Ligrht  slate  to  460  feet 

Coal  4   to  466  feet 

Brown  shale   to  490  feet 

Black  shale   .to  505  feet 

Sandy  shale  to  545  feet 

Gray  shale   to  570  feet 

Black  slate   to  600  feet 

Light  slate   to  680  feet 

Gray  shale   to  635  feet 

Hard  dark  sand  lime  to  665  feet 

Light  slate   to  676  feet 

Gray  slate  to  690  feet 

Black  slate   .to  700  feet 

Light  brown  sand  to  710  feet 

Dark  sandy  shale  to  728  feet 

Salt,  sand  and  water.  ....to  730  feet 

Total  depth  to  780  feet 

Well  abandoned. 
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Record  of  Smith  well  No.  1,  locaitcd  in  the  S.  E.  %  of  the  N.  E.  %  of 
Section  4,  Township  8  N.,  R.  9  W.,  Curry  Township,  5  miles  north  of  Heims' 
Pool,  2  miles  west  of  Farmenlmrg.  Elevation  abovtt  sea  levd  at  top  of  well 
about  680  feet: 


A  4 

feet 

f r  n 

feet 

feet 

leet 

Qlafa 

*«.  oi; 

Tcet 

aanosione  ana  water. . 

(irk 

leet 

4  OA 

xeec 

.  .  •to  141 

lect 

Pnul    "Kn  1 

1  J 

leet 

feet 

feet 

■XvMMank  aiaAa 

1  OA 

feet 

feet 

White  slate  

feet 

White  slate   

. .  .to  20.'5 

feet 

Black  iilate,  some  gas.  . 

. .  .to  210 

feet 

.  .  .to  247 

feet 

feet 

feet 

, .  .to  261 

feet 

feet 

feet 

feet 

Coal  5  

to  :l.^8 

feet 

...to  404 

feet 

feet 

Light  slate   to  tlfi  feet 

Sand  and  water  to  4:J0  feet 

Water  and  sand  to  435  feet 

Black  slate  to  443  feet 

Coal  4   to  4,')0  feet 

Brown  slate  to  460  feet 

White  slate  to  470  feet 

Gray  slate  ...to  4f4  feet 

Hard  sheU  to  486  feet 

Coal  8a   to  488  feet 

Black  slate   to  500  feet 

White  slute  to  620  feet 

White  sand   to  585  feet 

Brown  slate   to  560  feet 

Coal  3  to  565  feet 

Brown  slate   ....to  575  feet 

Brown  slate   .to  680  feet 

Black  slate  or  shale  to  689  feet 

Gray  shale  to  696  feet 

Gray  shale  and  coal  to  602  feet 

Lime  .shell   to  808  feet 

Gray  shale  and  lime  to  614  feet 

Gray  shale  and  lime. . .% .  .to  620  feet 

Gray  date  to  r,2G  feet 

Gray  sandy  ."^hale  to  630  feet 

Oil  sand,  no  pi-oduction.  ..to  635  feet 


Composite  log  for  Dodds'  Bridge  FooL  Based  on  8  logs  in  Sections  3,  4 
and  9,  Tonnan  Township.  Elevation  about  500  feet.  ReUef  about  80  feet: 


Coal  6a  top  at   170  to  183  feet 

Coal  6  to  200  feet 

Coal  6a   250  to  260  feet 

Coal  6    305  to  820  feet 

Coal  8a    460  to  490  feat 

Coal  3   to  550  feet 

Oil  sand  (slight  production)  to  619  feet 

Coal  Hlnshall  (where  present)   620  to  686  feet 

Main  oil  sand  (Hindiall  absent)   634  to  656  feet 

Upper  block    634  to  660  feet 

Oil  sand   656  to  683  feet 

Lower  block   to  690  feet 

Third  oU  sand  to  780  feat 


Hand  Book  of  Indiana  Geology 


993 


Composite  lopT  for  Harmon  pool,  Sections  28  and  8S»  Tunnaa  Towiuihip. 

BBMd  on  6  \ogn.    Elevation  of  surface  about  480. 

Coal  8    (average  5  feet)  top  at   85  feet 

Coal  7  (8  fMt)  top  at   160  fact 

Coal  6    (5  fe^t)  top  at   270  feet 

Coal  5a  (4  feet)  top  at   330  feet 

Coal  5   (S  feet)  8  wells   860  feet 

Coal  4a  (4  feet)    880  to  885  feet 

Coal  4    (5  feet)   440  feet 

Coal  8a  (5  feet)   680  feet 

Coal  3    (5  feet)  2  wells   600  foot 

Slate  sand  (first  oil  sand)   620  feet 

Hinshall  coal.  6  feet   629  to  642  feet 

2nd  oil  sand  (95  barrd  well)   740  feet 

Main  oil  sand   707  to  780  feet 

4th  oil  sand  (75  barrel  well)   818  feet 

Composite  log  tat  Seott  pool,  based  on  10  legs  in  Seetioas  81  and  80,  Tar- 
man  Toimdiipi.  Averate  eieratton  of  sorface  about  680.  Sellef  in  pool  about 
20  feet. 

Coal  8   top  at   80  to   90  feet 

Coal  7    (5  feet)  top  at   95  to  115  feet 

Coal  6a  (4  feet)  top  at   170  to  172  feet 

Coal  6    (5  feet)  top  at   255  to  290  feet 

Coal  5    (6  feet)  top  at   880  to  848  feet 

Coal  4    (5  fpet)  top  at   440  to  ...  feet 

Coal  3    (5  feet)  top  at   560  to  585  feet 

Upper  Block  (4  feet)   080  feet 

Lower  Block  (3  feet)....'   700  feet 

Oil  sand,  top  of   730  to  775  feet 

Composite  log  for  Edwards  pool  and  vicinity,  in  Sections  3,  'J,  10  and  16. 
Gill  Towadiip.  Baaed  on  7  UaAt  detailed  lege.  Elevation  of  surface  about 
480  feet. 

Coal  8    (3  feet)  top  at   80  to   90  feet 

Coal  7   (2  feet)  top  at   107  to  110  feet 

Coal  6a  (5  feet)  top  at  (if  present)   210  feet 

Coal  6    (4  feet)  top  at   230  to  245  feet 

Coal  6a  (6  ftet)  top  at  (if  present)   285  feet 

Coal  5    (4  feet)  top  at   330  to  340  feet 

Gas  sand,  top  at   875  to  385  feet 

Coal  4a  (1  foot)   421  feet 

Gas  sand  (coal  4  level)   460  feet 

Coal  3  (5  feet)   585  feet 

Coal  2  ( 5  feet)  where  present   605  feet 

Heims'  pool  oil  sand  top  at   680  to  640  feet 

Minshall  (5  feet)   660  to  685  feet 

Upper  Block  (5  feet)   715  feet 

Scott  pool  oil  sand   740  to  760  feet 

8rd  oil  sand   770  to  785  feet 

4th  oil  sand   820  to  822  feet 

Saltaaad  .*.  884  to  800  feet 
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Log  of  wells  9  and  10.  G.  W.  Buff  farm,  N.  W. 
Gill  Township,  near  N.  E.  corner  of  Edwards  pool. 

Clay  and  shale  

Coal  8  

Shale  

Hard  shell   

Coal  6  


Coal,  Minsh] 
Dark  shale 
Coal,  upper 
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817 

feet 

756 

sand. 

Well  No.  10 

t 

Note:   Well  No.  9  got  10  barrels  production 
found  merely  a  show  of  oil  there,  but  got  production  at  785.    Well  No.  10  is 
444  feet  east  of  well  No.  9. 

Township  8  North,  Range  10  West. 

Chastine  No.  2. 

10-inch  drive  pipe   61  feet 

Salt  sand   300  to  350  feet 

Coal    465  to  470  feet 

8-inch  casing   550  feet 

Salt  sand    560  to  600  feet 

6% -inch  casing    750  feet 

Oil  sand    786  feet 

Total  depth    800  feet 

Bell  No.  4. 

10-inch  pipe    42  feet 

Coal    446  to  450  feet 

8-inch  casing   350  feet 

6Vi-inch  casing   629  feet 

Oil  sand    786  feet 

Total  depth   797  feet 

McClure  No.  4. 

10-inch  drive  pipe   32  feet 

Coal   465  to  471  feet 
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8-inch  casing   &40  feet 

Satt  Band  SeO  to  740  f  «et 

614-indi  casing   776  feet 

OU  sand    796  f«et 

Total  depth   806  feet 

Wdl  No.  2  on  Oscar  Hunt  farm,  Sullivan  County: 

From  top  of  surface,  red  clay.  to  42  feet 

Dark  mud  to    80  feet 

Coal   to    84  feet 

Mud  and  shale  to  120  feet 

Sand  and  some  water  to  180  feet 

Hard  limestone  shell  to  190  feet 

Dark  mud   to  220  feet 

Sandy  and  hard  material  to  260  feet 

Coal   to  266  feet 

White  and  black  mud  to  S40  feet 

Coal   to  346  feet 

White  mud   to  350  feet 

Hard  shell  to  355  feet 

Dark  and  white  mud  to  466  feet 

Limestone  shell — hard   to  475  feet 

White  and  dark  mud  to  525  feet 

Coal   to  530  feet 

Dark  shale   to  660  feet 

Sand  with  some  water  and  nice  ahowing  of  oil.  •>  .to  600  feet 

Coal  with  plenty  of  water  to  605  feet 

Dark  ahale  to  626  feet 

Sand-^iard  to  f.;',5  feet 

Dark  ahale  to  685  feet 

Coal  and  gas  water  Itowing  out  of  hole  to  690  feet 

Dark  shale   to  730  feet 

Top  of  oil  sand  to  752  feet 

Broken  sand  and  shale  to  775  feet 

Oil  sand  to  780  feet 

Dark  shale   to  800  feet 

Total  depth  of  well  to  800  feet 

10-inch  pipe  to   42  feet 

814-iiich  pipe   to  866  feet 

6%>ineh  pipe  to  721  feet 

SWITZKRLAND  COUNTY. 

The  following  strata  outcrop  in  Switzerland  County: 

Ouatemarv  [Recent — Alluvial  sands  and  clays. 

[  Pleistocene — Glacial  g^ravel,  sand  and  till. 

Silurian    Limestones  and  shales. 


Ordovician 


Shales  and  limestones. 
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Th«  glacial  deposits  vary  in  fMckncM  from  a  few  feet  to  llft7.  Many  out- 
crops of  the  bed  rock  occur.  It  is  possible  that  the  structural  conditions  may  be 
determined  by  surficial  obsei-vations.  The  outcrop  of  the  Trenton  in  the  eastern 
part  of  the  county  precludes  the  possibility  of  securing  oil  from  that  fonna- 
tifln  in  that  locality,  but  in  the  western  part  of  the  county,  where  the  thickness 
of  the  overlyinpT  formations  is  adequate,  oil  may  be  present  in  the  Trenton  if 
the  proper  structural  conditions  exist. 

The  following  is  the  reeoxd  of  a  wdl  drilled  at  Vevay: 

Reeovd  nf  WdD  Drilled  Near  Vmif. 

Surface,  aofl  and  day  60  feet 

Limestone  ahdl  and  ahale,  6  inehea  thick  alternating.  105  feet 

Limestone   75  feet 

Layers  of  shale  and  limestone  5  feet  thick  alternating  60  feet 

Dark  hard  limestone  22  feet 

Shale,  soft    1  foot 

Lime&tone,  very  hard  and  full  of  salt  water  32  feet 

TMal  dvth   866 


TIPPECANOE  COUNTY. 

Beneath  the  Pleistocene  and  recent  deposits  of  this  county  Ue  the  strata 
of  the  New  Albany  (firlsion  of  flie  Deronian,  which  ooeupies  the  northeast  pop- 

tion  of  the  county  and  the  Knobstone  division  of  the  Mississippian.  The  contact 
between  the  two  formations  is  revealed  between  the  Wabash  River  and  West 
Lafayette  by  an  outcrop  of  Goniatite  limestone,  which  lies  at  the  base  of  the 
Knobstone,  just  above  the  unconformity  between  the  Devonian  and  the  Hiisii^ 
sippian.  Small  outcrops  of  the  Warsaw  occur  near  Montmorcnci.  but  the  num- 
ber is  too  small  to  be  of  much  service  in  determining  structural  conditions.  The 
Plefstocene  d^Msits  vary  in  thidcness  from  a  few  feet  to  inoxe  tiian  one  hun- 
Hrrd  feet.  The  mantle  of  glacial  drift  is  everywhere  so  complete  that  little  can 
be  learned  of  stratigraphical  or  structural  features  of  the  bed  mdc  If  oil  stme- 
tnres  are  present  in  the  county,  they  can  be  outlined  only  by  the  use  of  sob- 
surface  data  derived  from  the  records  of  deep  wells,  and  to  be  of  vafaie  the 
wells  should  be  located  within  less  than  a  mile  of  each  other,  as  tiie  slructures 
will  probably  be  small. 

A  well  drilled  at  Lafayette  reached  the  top  of  the  Niagara  limestone  at 
286  feet  The  tiv  of  the  Trenton  should  be  reached  at  abovt  UOO  feet. 

Railroad  Elevations. 

Clark's  Hill,  818.6;  Stockwell,  810;  Crane,  736;  Altamount,  645;  Lafayette, 
542  (Monon  Station);  Dayton,  647.1;  Summit,  608;  Balls,  697;  Montmorenci, 
692. 


TIPTON  COUNTY. 

Tipton  County  lies  within  the  glaciated  area  and  is  covered  with  glacial 
drift,  varying  in  tiiidmcsa  from  60  to  160  feet  The  drift  rests  nn  the  Silurian 
and  Devonian  limestones.  The  surface  of  the  Trenton  Ees  fhm  about  sea  level 
to  150  feet  below. 
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Cieero  Township.  Three  veils  were  drilled  at  T^ton,  and  the  record  et 

No.  1  is  given  below: 

Drift   139  feet 

LimesUme    826  feet 

Shale    532  feet 

Trenton  limestone,  gas  11  ft,  oil  3  ft.,  water  19  ft..  33  feet 

Total   1030  feet 

Altitude  of  well   868  feet 

Well  on  the  R.  H.  Foster  farm,  N.  E.  corner  of  the  S.  %  0<  S.  i4  of  N.  W. 
%  of  Section  30,  Township  22,  R.  4  E.,  Cicero  Township. 

Top  of  sand  1002  feet 

DriUed  in  eand   14  feet 

Total  dopth  1016  feet 

Casing  used   v   608  feet 

Drive  pipe  147  feet 

Dry  hole. 


WdDs  drilled  in  Seetiene  20  and  28  were  abandened  in  1911. 

Madison  TotemeMjp.  At  Hobbe  gaa  was  obtained  and  the  first  well  has  the 

following  log: 

Drift    134  feet 

Limestone    880    feet  * 

Shale  and  limestone   529^2  feet 

Trenton  limesttme  . . .    18^  feet 

Total  d^th  1007  feet 

Altitude  of  w«U   875  feet 

A  well  drilled  in  Section  19  was  abandoned  in  1911. 

WUd  Cat  Toivnahip.  At  Windfall  the  Trenton  was  reached  at  937  feet  and 
salt  water  at  1002  feet.  Wells  drilled  in  Sections  8,  17,  18,  20  and  31  were 
abandoned  in  1911  and  1919. 

Liberty  Township.  At  Shari^nriUe  gas  was  obtained  fron  weUs  in  whidt 
the  following  strata  were  enoovntered: 

Drift    70  feet 

Limestone    460  feet 

Shale    482  feet 

Trenton  limestone   8  feet 

Total   '   970  feet 

WeU  drilled  N.  of  tha  S.  W.  comer  of  Section  19,  T.  82  N.»  R.  4  E.,  on  the 
S.  jr.  Smith  fMin: 

Top  of  sand  1008  feet 

Depth  drilled  in  sand   18  feet 

Total  dopth-  of  weU  1026  fiMt 

Dry  bole. 
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Abandoned  wdbooeur  in  this  township  as  follows:  Section  1, 1  well;  Sec- 
tion 5,  2  wells;  Section  13,  1  well;  Section  18,  2  wells;  Section  22,  1  well; 
Section  28, 1  wdl;  Section  81, 1  well;  Seetbn  86, 1  well;  Seetiim  86^  1  weD. 

Jefferson  Totinuthip.  At  Kempton  the  unwr  surface  of  the  Trenton  it  98 
feet  below  sea  level.  The  log  of  the  Kempton  well  follows: 


Drift    306  feet 

Idmestone    293  feet 

Shale    424  ftet 

Trenton  limestone   12  feet 

Total  depth  1086  feet 

Altitude  of  well   980  feet 


A  well  drilled  in  Section  9  was  abandoned  in  1918  and  one  in  Section  20 

in  1912. 

Prairie  Toumahip.  Wells  have  been  abandoned  in  this  township  us  follows: 
Section  2, 2  weOa;  Seetton  10, 1  wdl;  Section  16, 1  well ;  Section  18, 1  well;  Sec- 
tion 22,  1  well;  Section  23,  1  well;  Section  24,  2  wells;  Section  26,  1  well;  Sec- 
tion 28,  1  well;  Section  32,  1  well;  Section  33,  1  well;  Section  3-1,  3  wells. 

The  gas  field  discussed  under  Howard  County  extends  down  into  the 
northern  part  of  Tipton  County.  The  gas  in  this  county  has  aceomulated  in 
minor  f (dds  on  the  largw  arch,  a  continuation  of  the  Cincinnati  goantidin& 

UNION  COUNTY. 

Strata  of  Ordovician  and  Silurian  age  form  the  bed  rook  of  this  county. 
The  Silurian  rocks  have  been  removed  from  all  except  the  northeastern  part  of 
the  county.  The  thieloiess  of  the  Ordovidan  roelu  is  about  800  feet.  The 
ovcrlyinpr  drift  has  a  thickness  of  from  twenty-five  to  seventy-five  feet.  Since 
the  drift  is  not  as  thick  as  in  other  counties  and  outcrops  of  the  bed  rock  are 
more  numerous,  it  may  be  possible  by  detailed  work  to  determine  the  stnietnnl 
conditions  in  this  county. 

Since  the  Trenton  is  high  in  this  reprion  the  probabilities  of  obtaining  gas 
are  much  better  than  those  of  obtaining  oil.  If  possible  the  minor  structures 
on  the  surface  of  the  geanticline  should  be  located  before  drilling  is  undertake) 
for  even  tiien  the  risk  is  suflldently  great 

The  record  of  a  wdl  drilled  at  Liberty  is  given  by  Phinney  as  follows: 


Drift    70  feet 

Limestone  (Hudson  River)  .'. .    15  feet 

Grayidi  shale   460  feet 

Dark  shale   856  feet 

Gray  Trenton  limestone   26  feet 

Blue  Trenton  limestone   65  feet 

Total  depth    971  feet 

Altitude  of  well   965  feet 


Gas  was  reported  in  small  quantities  from  the  Hndeon  River  shale,  but 
none  in  the  Titotoo. 
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Thr  surface  of  the  Trenton  is  probably  more  than  100  feet  above  sea  level 
in  the  southwestern  part  of  the  county  and  descends  to  sea  level  in  the  north- 
eastern part. 

Sailroad  Elevations. 

Cottage  Griiv«»  1,089;  KiteheU,  1.096;  WOta,  1,119;  Loties,  1,089;  Liberty, 
980;  BrawnsviUe^  798. 

VANDERBURGH  COUNTY. 

Vanderburgh  County  lies  within  the  unglaciated  area  of  the  State.  The 
Strata  which  outerop  in  the  comity  UHmag  to  tibe  Peniisflvaiiian  period.  The 

rocks  consist  of  sandstones,  shales  and  limestones,  with  intercalated  beds  of 
coaL  The  southern  part  of  the  county  is  occupied  by  the  alluvium  of  the  Ohio 
River  valley  and  outcrops  of  the  bed  rock  are  not  found.  It  is  doubtftil  whetiier 
a  sufficient  number  of  outcrops  of  persistent  layers  can  be  found  to  determine 
stroetural  conditions.  It  may  be  possible  to  use  well  records,  mine  shaft  records 
and  outcrops  and  thus  determine  the  stmetnral  conditions  of  the  strata.  Care 
sliould  be  exercised  in  using  the  dip  of  the  rocks  of  the  coal  measures  to  dis- 
etiminate  between  purely  local  dips  wliich  are  so  abundant  and  dips  of  xa- 

Tha  fbllowiag  is  the  reeord  of  a  wsO  drilled  on  the  east  hank  of  Fldsaon 
Creak,  near  EvansvOIe: 


Section  in  Crescent  City  Artesian  Well. 


31  feet 

2  feet 

6  in. 

87  feet 

6  in. 

1  foot 

1  foot 

6  in. 

6  feet 

44  feet 

6  in. 

Soft  shale   

11  feet 

18  feet 

5  feet 

Grav  flint   

2  feet 

62  feet 

73  feet 

65  feet 

6  feet 

5  feet 

34  feet 

55  feet 

1  foot 

6  in. 

134  feet 

Dark  sandstone  with  salt  water  flowing  seven 

gallons  per  minute,  3  degrees  Baume  

5  feet 

50  feet 

6  in. 

10  fast 
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Coal  (A?)  and  date   1  foot  6  in. 

Fire  clay    8  in. 


682  feet 

Surfkee   17  feet 

Total   709  feet 

Section  in  Avondale  Bore. 

Surface    9  feet    6  in. 

Bine  day    30  feet  6  in. 

Gray  sand   2  feet    6  in. 

Blue  rnndt  quicksand   22  feet  3  in. 

GnvtA,  sand  and  shdls   6  feet 

Fire  clay  an<I  sand  28  feet  8  in. 

Gravel  and  sand   1  foot 

Sandstone    2  feet 

Fire  clay   2  feet   9  in. 

Sandstone    U  feet 

Fire  clay    7  feet    9  In. 

Sandstone   7  feet 

Fire  clay  with  pebbles   2  feet   8  in. 

Silicious  clay    1  foot 

Saadatone  with  iron  balls  72  feet 

Concretion    1  foot  10  in. 

Sandstone  86  feet  10  in. 

Bock  date   6  feet 

Black  slate   2  feet  10  in. 

Coal    4  feet 


Total   25S  feet  9  in. 

Section  of  Inglefield  Bore. 

Surface  day   10  feet 

Red  Merom  sandstone   86  fort 

Carbonaceous  partinj^,  coal   4  in. 

Hard,  flinty  limestone   4  feet 

Clay  jparting.  second  rasih  coal   1  foot  8  in. 

Flinty  jrray  limestone   6  feet 

Li^ht  ^ay  sandstone   20  feet 

Soft  white  limestone   8  feet 

Soapstone,  ilrst  rash  coal   IG  feet  3  in. 

Shale   20  feet 

Gray,  flinty  limeBtone   8  feet  2  in. 

Soapstone    26  foet 

White  limestone   SO  feet 

Gray  shale    20  feet 

Fire  clay    10  feet 

Coal  (N?)    1  foot    6  in. 

Fire  clay   4  feet 
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Gray  shale    10  feet 

Soap-stone    28  feet 

Sandstone    ^  feet 

Black  slate    2  feet 

Sandstone    17  feet 

Total   276  feet    5  in. 

Scott  Township.  A  well  was  drilled  on  the  John  M.  Hart  farm  in  1913.  It 
nsnlttd  in  no  production.  A  well  drilled  on  the  R.  Cutter  farm  in  IfttS  was 
non>prodaetive.  Reeords  of  the  wella  could  not  be  obtained. 


VERMILLION  COUNTY. 

Vermillion  County  lies  wholly  within  the  area  occupied  by  the  Pennsyl- 
vanian  strata,  the  outcrop  of  which  is  covered  by  the  Pleistocene  and  recent 
deposits.  These  deposits  of  mantle  rock  attain  a  thickness  of  more  than  one 
hundred  feet.  This  rej^lith  has  been  larjrely  removed  alonf?  the  courses  of  the 
streams  and  outcrops  of  the  durolith  occur.  It  may  be  possible  that  by  using 
these  outcrops  in  conneetian  with  coal  i^Mnings  and  the  records  of  waUs  to 
determine  the  sti-uctural  conditions  of  the  bed  rodc,  though  careful  work  wUl  be 
necessary  and  much  time  required. 

The  surface  of  ^e  Trmton  ia  pntbab^  1600  or  more  foot  bdow  tiia  lavd 
of  the  sea.  If  structures  are  present*  oil  may  be  found  in  Trenton*  Devonian 
or  Pennsylvanian  strata. 

Railroad  Elevations. 

Cayuga,  522;  State  Line  (T.,  St  L.  &  W.),  626;  Rileysburg,  646;  Gessie, 
616;  Peri-ysville,  582;  Dickason,  526;  Malone,  507;  Walnut  Grove,  528;  New- 
port, 496;  Dorner,  510;  Worthy,  489;  Mt,  Silica,  492;  West  Montezuma,  488; 
Hillsdale,  488 ;  Logan,  496;  Summit  Grove,  520;  Norton  Crossing,  498;  Jackson, 
495;  Clinton,  494. 


VIGO  COUNTY. 

Strata  belonging  to  the  Pennqrlvanian  period  occupy  the  sub-surface  in 
Vigo  County.  The  rocks  are  sandstones,  shalos  and  limestones,  with  interca* 
lated  beds  of  coal.  A  covering  of  glacial  drift  largely  conceals  the  outcrop  of 
the  durolith,  the  thickness  of  the  latter  varying  from  a  f«w  feet  to  more  than 
one  hiinflrcd  feet.  The  .>itructural  conditions  of  the  durolith  can  probably  be 
determined  by  using  coals  IV  and  V  as  key  horizons  and  relying  on  data  secured 
ftrom  well  reetnrds  and  coal  outcrops  for  the  position  of  these  beds. 

Haniaon  Township.  Oil  has  been  produced  from  a  single  well  in  Terre 
Haute  for  more  than  thirty  years.  The  followHn?  is  the  record  of  a  well  drilled 
on  the  bank  of  the  river  at  Terre  Haute  in  ISO'):' 

Record  of  Terre  Haute  Well. 

Feet   Inches    Feet  Inches 

1.  Sand  and  gravel   100  100 

2.  So^atwis    64      6        164  6 

*IUpoft  «f  IndlMm  8taU  Ciolo«l-l  8anv  for  18T0. 
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Feet  Indies    Feet  Indies 


52. 

  21 

916 

53. 

  6 

020 

64. 

  5 

926 

r>5. 

  5 

980 

66. 

. . .   16 

946 

67. 

  2 

947 

58. 

  78 

1020 

59. 

  7 

1027 

60. 

  7 

1084 

61. 

.......  26 

1060 

62. 

  24 

1064 

68. 

Gray  sandstone  .................... 

  3 

1067 

64. 

  5 

1092 

65. 

Quiirtz  and  ^h;ilt'  niixcd  

.   ...  166 

1258 

66. 

Ou&rtz.  slati!  and  iioaostone. . . 

  3 

1261 

67. 

  21 

1282 

68. 

  88 

1816 

69. 

Slate  rock  

.......  7 

1822 

70. 

 286 

1667 

71. 

1567 

72. 

1682 

78. 

1622 

74. 

  16 

1637 

75. 

1642 

76. 

1657 

77. 

lGfi2 

78. 

  5 

imi 

79. 

 149 

1816 

80. 

1889 

81. 

4  1912 

In  discussuig  the  geology  of  Vigo  Coonty  in  the  annual  report  cf  tlie  In- 
diana Siurvejr  for  1696,  Dr.  I.  T.  Seovell  poblidiea  tiw  foUowinf  trdl  reeorda: 


Swan  Street  Well  on  Banks  of  Wabash. 

Sanci,  R-ravel  sandstone,  shale  and  lime- 
stone  1110  feet  1110  feet 

Umestene   460  feet  1660  feet 

Shale    50  feet  IfilO  feet 

Limc3tone   3  feet  1613  feet 


Oa  Sand  and  OU. 

Liirc-.tone   967  M  2680  feet 

Phalo    100  feet  2680  feet 

Limestcne  (perhaps  Trenton)   250  feet  2930  feet 
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r  e6t 

Inches 

jf  eet 

incn 

2 

170 

8 

8 

172 

11 

182 

11 

185 

11 

S 

190 

2 

10 

196 

10 

196 

10 

6 

197 

4 

.9 

210 

1 

21R 

1 

9 

21G 

10 

7 

224 

5 

3 

254 

8 

2 

261 

10 

8 

AAA 

264 

274 

  8 

277 

292 

300 

3 

306 

8 

824 

327 

347 

867 

379 

381 

412 

417 

477 

484 

508 

511 

621 

668 

7 

679 

7 

6 

694 

705 

729 

731 

745 

  82 

827 

  8 

830 

865 

870 

879 

6 

885 

892 

894 

I 

M 
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Coal  at  22  feet  betow  the  top  of  oliale. 

LiTnestpoe   5  feet    145  feet 

Shale   95  feet  240  feet 

Lhneatone   10  feet  260  feet 

Shale  ,   40  feet   200  feet 

Lunertone   20  feet   310  feet 

Shale  .210  feet  620  feet 

LimestMie   23  feet    543  feet 

Shale   10  feet   553  feet 

limestone,  hard  and  flinty   82  feet   635  feet 

Shale   6  feet   640  feet 

Linjestone   160  feet    800  feet 

Limestone  with  sand   70  feet   870  feet 

Sandstone   80  feet  900  feet 

Limestone   25  feet    925  feet 

Sandstone   65  feet    99U  feet 

Limestone  I.....   80  feet  1020  feet 

Shale    180  feet  1200  feot 

Sandstone,  white   60  feet  1250  feet 

Sandotone  and  ahale   60  feet  1800  feet 

Sandstone,  white   160  feet  1450  feet 

Shale   122  feet  1572  feet 

Umatma-^  mfc   11  feet  1583  feet 

Show  of  oU  at  1576  and  anlphnr  at  1678  feet. 

Alden  WelL 

On  nerthwaet  qnartar  of  Seetlea  28-12-0: 

Sand  and  fgrteni    130  feet    80  feet 

Shale    110  feet    190  feet 

Limestone  ,   20  feet  210  feet 

Shale   800  feet  510  feet 

Sandstone   10  feet   520  feet 

Shale   30  feet    550  feet 

Sandrtone   160  feet  710  feet 

Limestone  800  feet  1010  feet 

Sandstone    90  foot  1100  feet 

Shale  with  sund   132  feet  1232  feet 

Salt  water  at  625  feet  and  between  600 
and  700  feet 

Seetlen  of  the  Elliott  WelL 
Near  west  line  of  Section  28  and  Wahaeh  avenae,  Terre  Haute. 

Snn.l  ani-1  Rravcl   128  feet    78  feet 

Shale  260  feet  338  feet 

Sandstone    86  «aet  878  feet 

Limestone   40  feet  413  feet 

Sandstone    98  feet  611  feet 

Limestone    28  feet  584  feet 

Sandstone   179  feet  713  feet 

Shale  110  feet  823  feet 
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Section  of  HLimer  WdL 

Located  between  Fourteenth  and  Fifteenth  Streets,  Juat  east  of  the  center 

•>f  Section  22-12-9,  near  Liberty  avenue. 


ftet  80 

feet 

feet  ISO 

feet 

feet    1 60 

feet 

feet  250 

feet 

fert  820 

feet 

feet  450 

feet 

  140 

feet  590 

feet 

 360 

feet  950 

feet 

feet  1186 

feet 

feet  1220 

feet 

feet  1245 

feet 

feet  1470 

feet 

feet  1475 

feet 

feet  1490 

feet 

feet  1628 

feet 

ftet  1648 

feet 

A  little  oil  was  present  near  the  surface  of  the  limestone.  To  reduce  these 
records  and  the  foUowing  to  the  level  of  the  river  fifty  feet  was  deducted  from 
the  liildraess  of  the  first  stratum. 

Section  of  the  Hi^  Four  Well. 

Located  in  the  northeast  comer  of  the  northwest  quarter  of  Section 
28-12-9. 


6  feet 

6 

feet 

10  feet 

16 

feet 

102  feet 

118 

feet 

117  feet 

186 

feet 

2  feet 

187 

feet 

207  feet 

394 

feet 

Salt  water  at  78  bdow  the  top  of  shale. 

41  feet 

435 

feet 

oO  feet 

485 

feet 

12  feet 

497 

feet 

68  feet 

660 

feet 

50  feet 

600 

feet 

600  feet 

1200 

feet 

190  feet 

1890 

feet 

210  foot 

IROO 

feet 

18  feet 

1618 

feet 

Section  of  Exchange  Wdl. 
Situated  a  little  west  of  the  center  of  Section  22-12-9: 


  80  feet 

30 

feet 

75 

feet 

140 

feet 
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Coal  at  22  feet  below  the  top  of  shale. 

Limestone    5  feet   145  feet 

Shale   95  feet    240  feet 

Limp-stone   10  feet    250  feet 

Shale   40  feet   290  feet 

UmeBtone   20  feet  810  feet 

Shale   210  feet    520  feet 

Limestone   28  feet  543  feet 

Slude   10  feet  558  feet 

Limeetoner  hard  and  flinty   82  feet   G35  feet 

Shale   5  feet   640  feet 

Umeitone   160  feet  800  feet 

Limestone  with  eand   70  feet  870  feet 

Sandstone   30  feet    900  feet 

Limestone   25  feet   925  feet 

Sandstone   65  feet    990  feet 

Limestone   30  feet  1020  feet 

Shale    180  feet  12Q0  feet 

Sandrtone,  white   60  feet  1260  feet 

Sandstone  nnd  sliale   50  feet  1300  feet 

Sandstone,  white   150  feet  1460  feet 

Shale   122  feet  1572  feet 

Limestone — oil  rock    11  feet  1583  feet 

Show  of  oil  at  1575  and  eulphor  at  1578  feet 

Alden  WdL 

On  northwest  quarter  of  Section  28-12-9: 

Sand  and  gravel  ,   130  feet     80  feet 

Shale   110  feet   190  feet 

Limestone   20  feet  210  feet 

Shale    800  feet    510  foot 

Sandstone   10  feet   620  feet 

Shale   80  feet  550  feet 

Sanrlstonc   160  feet    710  feet 

Limestone   300  feet  1010  feet 

Sandstone    90  feet  1100  feet 

Shale  with  sand    182  feet  1282  feet 

Salt  water  at  626  feet  and  between  600 
and  700  feet 

Section  of  the  Elliott  Well. 
Near  west  line  of  Section  23  and  Wabash  avenue,  Terre  Haute. 

Sand  and  gravd  128  feet  78  feet 

Shale  260  feet  338  feet 

Sandstone    35  feet  373  feet 

Limestone   40  feet  413  feet 

Sandstone    98  feet  511  feet 

Limestone    23  feet  534  feet 

Sandstone   179  feet  713  feet 

Shale  110  fisat  828  f^ 
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The  Smith  well,  drilled  near  the  southwest  corner  of  Wabash  avenue  and 
Tenth  street,  .southwest  of  the  southwest  section  22-12-9,  reached  the  oil-bearing 
limestone  at  1632  feet. 

The  Guarantee  No.  3,  between  Eighth  and  Kinth  streets,  near  Wabash 
aveni'e,  n-achoil  oil  rock  at  ITifi!)  feet. 

The  Guarantee  No.  4,  between  Wabash  avenue  and  Chestnut  street,  on 
Tenth-Half  street,  readied  sv]|»htir  water  at  1590  feet. 

The  Guarantee  No.  5,  near  southwest  corner  South  Fifth  and  FarririKton 
streets,  southeast  of  the  northeast  section  28-12-9,  reached  oil  sand  at  17UU  feet. 

Section  of  Guarantee  Well  No.  ft. 

Northeast  comer  Third  and  Mulberry  streets,  northwest  !4  of  the  south- 
east hi,  .section  21-12-9. 

Soil,  gravel  and  sand   128  feet  78  feet 

Shale   44  fM  122  feet 

Coal    r,  feet  127  feet 

Shales  and  sandstone   308  feet  435  feet 

Limestone   40  feet  475  feet 

Shale,  blue  and  blade   90  feet  U-vt 

Limestones   416  feet  980  feet 

Limestone,  coarse   25  feet  1005  feet 


Salt  water  at  800  feet,  gas  at  926.  160  and  1100  feet,  sulphur  water  at 
1598  feet 

Guarantee  No.  1  (Diall  well)  loeatod  on  tiie  alley  between  Chestnut  and 

Eaple  streets  and  between  Ninth  :in(1  Tcnih,  was  drilled  to  oil  on  May  8,  1888. 
Oil  rose  fifty  feet  above  the  surface,  "flowed  out  over  the  whole  region  into  the 
sewer  and  down  to  the  river  and  its  villainous  od«>r  filled  the  air  for  squares.** 

The  Phonix  well  was  d rilled  HOO  feet  south  between  Eai^  and  Mulbwry 
streets  and  became  a  good  producer. 

Guarantee  No.  8,  near  Wabash  avenue,  between  Eighth  and  Nintii  streets, 
also  produced  some  oil.  The  productive  area  is  very  small.  Wells  were  drilled 
in  all  directions  from  the  productive  wells,  but  yielded  water  only. 

Riley  Township.  The  Riley  oil  field  is  located  southeast  of  the  town  of 
Riley  in  sections  23  and  24.  Oil  has  been  produced  from  about  twenty-five  wells. 

The  largest  initial  production  is  about  twenty-five  barrels  per  day.  The  loca- 
tions of  the  producing  wells  on  the  accompanying  map  were  made  by  Dr.  C.  A. 
Matott. 


Shale  with  some  limestone. 
Shale  with  some  limestone. 
Limestone  with  i-ome  shale 

Shale  

-  Limestone   

Shale   

Blaek  shale,  lime  shell.... 

Coarse  shali>  

Limestone,  black  


55  feet 
40  feet 
320  feet 
26  feet 

9  feet 
43  feet 
72  feet 

9  feet 
20  feet 


1060  feet 

lion  feet 

1420  feet 

1446  feet 

1454  feet 

1497  feet 
1669  feet 

1578  feet 

1598  feet 


Joslin  Wdl  Record. 


A  well  was  completed  October  7,  1912,  on  the  Charles  N.  Jodin  farm. 
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Section  23,  Township  11  North,  Range  8  West,  Riley  Township,  Vig^o  County, 
Indiana,  by  BUI  Brothers.  The  following  is  n  complete  log  of  the  well : 


Clay   12  feet 

Sand  rock  to  21  fceti   9  feet 

Lime  to  40  feet   19  feet 

Slate  to  76  feet   36 

10-inch  pipe   

Lime  to  86  feet  

Brown  shale  to  120  feet.  . 

Sand  rock  to  180  feet  

Coal  to  182  feet   2  feet 

Brown  shale  to  196  feet   14  feet 

Lime  to  210  feet   14 

Slate  to  240  feet   SO 

Lime  to  248  feet  

Slate  to  27.5  feet   27 

White  sand  (water)  to  290 

feet   

Slate  to  .'MO  feet  


feet 
76  feet 
9  feet 

35  feet 
60  feet 


feet 

8  feet 
feet 


15 

50 


feet 
feet 

Lime  to  355  feet   16  feet 

Slat«  to  890  feet   86  feet 

Salt  sand  (toon  wator)  to 

420  feet   80  feet 

Slate  to  480  feet   80  feet 

Lime  to  4(55  feet   15  feet 

Slate  to  490  feet   25  feet 

White  sand  to  54M>  feet   70  feet 


Slate  to  620  feet  

Lime  to  625  feet  

Salt  sand  to  645  feet. 


...  80  feet 
5  feet 

...  20  feet 

Lime  to  660  feet   15  feet 

Hard  lime  to  710  feet   50  feet 

8^-inch  casing   663  feet 

White  lime  with  small  break 

750  feot    40  feet 

Hard  lime  to  820  feet   70  feet 


White  lime  to  990  feet          170  feet 

Slate  and  shells  to  1060  feet.  70  feet 
Slate  to  1100  feet   lO  feet 


Lime  to  1115  feet   15 

Slate  to  1160  feet   45 

Lime  to  1170  feet   10  feet 

Slate  to  1220  feet   .50  feet 

Lime  to  1230  feet   10 

Slate  to  1260  feet  

Black  slate  to  1290  feet   40 

Lime  to  1310  feet   20 

Slate  to  1870  feet   CO  feet 

Lime  to  1380  feet   10  feet 

Slate  to  1440  feet   60 

Lime  to  1445  feet   5 

Slate  to  14.55  feet   10 

Lime  shell  to  1458  feet   3 

Slate  to  1507  feet   49 


feet 
feet 


feet 
feet 

feet 
feet 


feet 
feet 
feet 
feet 
feet 


6%-indi  easiner  1507  feet 


limo  to  1520  feet  

Slate  and  i>hells  to  1555  feet. 
Brown  shale  to  1616  feet. . . 

Lime  to  1017  feet  

Slate  to  1619  feet  

Sand  or  cap  rock  to  1621  feet 

First  oil  to  1623  feet  

Light  brown  shale  to  1625 

feet  

Dark  brown  sand  to  1629  feet 
Light  and  lime  sand  to  1631  . 
Gray  shelly  sand  to  1637  feet 
Light  shelly  sand  to  1641  feet 


13 
35 


feet 
feet 
60  feet 
2  feet 
2  feet 
2  feet 
2  feet 


feet 
feet 
feet 
feet 
feet 


Oil  only  in  one  place,  1621  to  1626. 


Linton  Township.  A  deep  well  was  drilled  in  this  township  just  west  of 
Pimento  in  section  14.  No  production  was  obtained.  A  well  was  also  drilled 
in  section  1  of  this  township  without  favorable  results.  Many  wells  in  this 
township  have  been  drilled  to  coal  V,  which  is  penetrated  at  depths  ranging 
from  320  feet  to  500  feet. 

Suffar  Creek  Tomuihip.  The  record  of  a  wdl  drilled  at  St  Mary*s-tn-fbe 
Wood,  on  the  northeastern  quarter,  southwestern  quarter.  Section  6-12-9,  is 
given  by  Scovell  as  follows: 

Total 
Feet  feet 

Surface  soil  and  yellow  clay   20 

Blue  clay   56 

Blue  day  and  qniduaad  (low  water)   26 
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Total 

Feet  feet 

White  shale                                                 26  26 

Coal,  probably  coal                                           6  80 

White  shalo— fire  clay  and  lhale  .*   65  95 

Coal,  probably  coal  "M"                                       6  101 

Wbite  shale— fire  day  and  shale                        90  191 

Coal,  probably  "L,"  the  big  vmn                        10  201 

Fire  clay  and  white  shale                                   50  251 

White  sand  rock                                               40  291 

White  shale                                               229  520 

Sandstone                                                             80  600 

Limestone                                                      490  1090 

FreA  water  at  780  feet. 

Shale                                                                50  1140 

Brown  sandstone                                               20  1160 

White  shale                                               250  1410 

Limestone  and  sandstone                                    180  1590 

Brown  shale                                                115  1705 

Limestone                                                  260  1966 


Sulphur  water  at  1906  feet,  but  no  show  mt 
oil  or  gas  reported. 


WABASH  COXJMTT. 

The  bed  rock  strata  in  this  county  belong  to  the  Silurian  period.  The  drift 
overlying  varies  from  25  to  300  feet,  and  conceals  the  bed  rock  strata  to  such 
an  extent  that  stratipraphical  and  structural  conditions  arc  Hifficult  to  deter- 
mine. The  surface  of  the  Trenton  lies  from  100  to  4U0  feet  below  sea  level. 
The  total  thidmess  ef  the  Niagara  in  this  county  is  probably  about  460  feet. 
The  following  are  reeords  of  wells  drilled  in  Wabadi  Conntr.' 


Drift   36  feet 

Bluish  limestone   54  feet 

Wbitb  limestone   20  feet 

Bluish  limestone  varying  to  green   140  feet 

Whitish  limestone   30  feet 

Bluish  limestone    60  feet 

Bluish  green  Niagrara  shale   35  feet 

Bluish  gray  limestone  (Clinton)   20  feet 

Hudson  River  limestones  and  shales   206  feet 

Utica  shale   280  feet 

Trenton  UnMStone  (salt  water)   7  feet 

Total  depth     887  feet 

Altitude  of  wdl     680  feet 

*Beeoid  oT  •  wdl  drilM  at  North  Mraelmter. 
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Section  of  Wdl  No.  2. 

Drift    28  feet 

Niugura  limestone  und  shale   525  feet 

Hudson  RiTcr  and  Utka   825  feet 

Trenton  limestone   54  feet 

Total  dciitli    982  feet 

Trenton  below  sea  level  .•   196  feet 

Did  not  yield  gas  nor  oil. 


The  followin^r  is  the  log  of  a  wdl  drilled  in  S.  W.  )4  of  Seetton  M,  Liberty 


Township.  Drilled  in  1903: 

Drive  pipe    202  feet 

Casing    470  IM 

Top  of  Trenton   945  feet 

Total  depth    965  feet 

A  log  of  a  wdl  drilled  at  LaFontaine  is  given  below: 

Section  of  WeU  No.  1. 

Drift    300  feet 

Nia(7ara  limestone   225  feet 

Hudson  River  limestone  and  diale   175  feet 

Utica  shale   200  feet 

Trenton  limestone   23  feet 

Total  depth    923  feet 

Trenton  below  sea  level   6  feet 

Yielded  strong  flow  of  g:a.s. 

Section  of  WeU  No.  1. 

Drift    274  feet 

Niagara  limestone  and  shales   300  feet 

Hudson  River  limestone  and  shales   250  feet 

Utiea  shale   306  feet 

Trenton  limestone   60  feet 


Total  depth   1180  feet 

Trenton  below  sea  level   806  feet 

Yielded  no  gas. 


WABREN  COUNTY. 

The  bed  rock  formations,  which  have  been  rccof^nized  by  direct  observation, 
belong  to  the  Knobstone,  Harrodsburg  ( Warsaw) ,  Salem,  Mitchell  and  Chester 
Divirions  of  the  Mississippian  and  the  Mansfidd  (Pottsville)  and  eoal  measures 
( Allc  ^'heny)  divisions  of  the  Pennsylvanian.  Overlying  these  formations  are 
Pleistocene  and  recent  deposits  of  sand  day  and  gravel.  The  mantle  roclc  or 
drift  attains  a  thldmess  el  more  than  two  hnndred  feat.  The  Pennsyhranian 
roeks  attain  a  fhidmcss  of  about  886  feet,  tiw  Mississippjaa  of  about  UO  foat» 
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and  the  Devonian  of  about  525  feet.  Devonian  and  Trenton  strata,  which  may 
be  prodnctlve  of  oil  and  gas,  if  the  proper  geological  structures  exi.st,  lie  below 
the  formations  mrntioiiod  above.  The  surfacp  of  the  Trenton  lit-s  ])i()hahly 
from  1500  to  180U  feet  below  the  surface  of  the  county.  The  outcrops  of  the 
bedrock  are  not  raffldently  numerous  to  make  it  poosible  to  determine  the  strue- 
tural  conditions  under  which  the  fonnations  exist.  By  the  aid  of  well  records, 
coal  shaft  records  and  outcrops,  it  may  be  possible  to  determine  the  structural 
conditions  favorable  to  the-aceumulatkm  of  oil  and  gas. 

A  deep  well  was  drilled  at  Williamsport  which  struck  salt  water  at  1200 
feet.  It  is  not  probable  that  this  well  i-eached  the  Trenton  limestone;  it  more 
probably  reached  the  upper  part  of  the  Silurian. 

Railroad  Kitvations. 

Pine  Village,  702;  Chatterton,  714;  Winthrop,  677;  Kickapoo,  646;  Inde- 
pendence, 621;  State  line,  694  (C.  A  E.  I.);  Pence,  700;  Finney,  719;  Judy- 
ville,  771. 


WARRICK  COUNTY 


This  is  another  one  of  the  counties  lying  wholly  within  the  ungladiated  area 
of  the  state,  and  the  outcrops  of  the  strata,  where  concealed,  are  only  by  allu- 
vium and  re.sidual  deposits  of  placial  and  po.st-^lacial  ai:i>.  The  rocks  of  the 
Pennsylvanian  period  outcrop  in  the  county.  The  stinictural  coti'litions  of  the 
eoonty  are  difBeult  to  study  because  of  the  absence  of  outcrops  of  persistent 
layers  in  sufficient  numbers.  In  the  region  of  coal  mines  some  of  the  coal  beds 
may  be  used  as  key  formations  in  determining  the  sti-ucturcs.  The  Peter.sburg 
coal,  for  instance,  is  an  important  and  persistent  bed  of  coal  from  the  line  of 
its  outcrop  to  the  we.'itern  line  of  the  county  and  mig^t  be  used  if  a  sufficient 
number  of  shafts  or  drill  holes  reached  i(.  Structural  lines  were  diawn  on  the 
surface  of  this  coal  for  a  part  of  this  county  and  published  in  the  Ditney  Folio. 

Not  many  well  records  are  aTailable  for  this  county.  The  following  have 
been  reported: 

Ohao  Toumahip,  A  well  was  drilled  to  a  depth  of  1450  feet  in  section  15, 
but  no  productkm  was  obtained. 

Umi  Tomuk^  A  well  was  drilled  in  section  29  on  the  Elisha  Burr  prop- 
erty and  plugged  in  1911. 


Record  of  dry  hole  on 

Section  19,  Boone  Townsh 

Surface  loam  and  shale.to 

Shale  to 

Lime  and  shale  to 

Shale   to 

PIre  clay   to 

Black  shale  (cave).... to 

Black  shale  to 

Coal   to 

Hard  shale  to 

White  shale  to 

Black  shale  to 


the  John  N.  MiUer  lease,  S.  E.  %  of  the  N.  W.  )&  of 

ip. 


40  feet  Fire  clay  and  shale  to  822  feet 

60  feet  iShale  and  shells  to  333  feet 

8.^>  feet  Limestone   to  336  feet 

105  feet  Coal   to  .341  »4  feet 

120  feet  Shale  and  .shells  to  390  feet 

1.30  feet  Limestone  and  shells,  .to  416  feet 

143  feet  Brown  shale   to  465  feet 

149  feet  White  shale  to  567  feet 

152  feet  Browif  shale  to  617  fieet 

202  feet  Shale  and  shdis  to  717  feet 

222  feet  Black  shale  to  767  feet 
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Limo  shells  to   787     feet     Shale  to  1265  feet 


Gray  shale   to  827  feet 

Black  shale  to  S87  feet 

White  sand  (Aill  of  salt 

water)   to  !)07  feet 

White  shale  to  1)47  feet 


Brown  lime  to  1280  feet 

Black  shale  to  1292 

Red  cave   to  1300  feet 

Soft  black  shale  to  1328  feet 

Salt  sand,  yielding  salt 


Brown  shale 


.to  1047    feet      water   to  1388  feet 


The  second  4ry  hole  in  Warrick  County  was  on  the  Barkety  lease  in  the 

S.  E.  M  of  the  N.  E.  hi  of  Section  21,  Hart  Township.  Its  record  showed  a 
total  depth  of  1310  feet.  A  very  slight  showing  of  oil  occurred  at  1220  feet. 


WASHINGTON  COUNTY. 

Washing^ton  County  lies  largely  within  the  unglaciated  area  of  the  State, 
only  a  small  area  in  the  northwestern  part  of  the  county  is  covered  with  giadal 

drift.  The  rocks  which  appear  at  the  surface  of  this  county  belonfj  to  the 
Quaternary  and  the  Mississippian  periods.  The  sub-divisions  are  given  in  the 
table  bdow: 

Recent — Sands,  clays  and  aUnviinn. 
Pleistocene — Sands  and  gravels. 

Mitchell  limestone. 
Salem  limestone. 
Harrodsburg  limestone. 
Knobstone,  shales  and  sandstones. 

A  large  part  of  tiie  surface  of  the  county  is  included  in  the  Mitchell  plain 

on  which  there  arc  few  outciops  that  can  be  used  in  detcrmininfj  structures 
favorable  for  the  accumulation  of  oil.  The  best  key  formation  is  the  contact 
.  between  the  Knobstone  and  the  Harrodsburg  (Warsaw).  Some  gas  was  ob- 
tained at  Salem  from  the  Devonian  limestone,  but  the  structural  conditions 
existing  there  have  not  been  determined.  The  following  is  the  record  of  a  well 
drilled  at  that  point:  ' 

Section  of  Well  Now  1. 


Soil                                                                7  feet 

Keokuk  limestone                                                      53  feet 

Sub-carboniferous  i^andiitone                                   567  feet 

Hamilton  shale                                               103  feet 

Devonian  limestone                                                   40  feet 

Niagara  limestone   215  feet 

Clinton  (?)  limestone                                         30  feet 

Hudson  River  limestone  and  shale                        535  feet 

Utica  shale                                                   180  feet 

Trenton  limestone                                              46  feet 


Quaternary  . 
Mississippian 


Total  depth  1775  feet 

Trenton  below  sea  level  1000  feet 

Yidded  good  flow  of  gas.  The  gas  was  found  in  the  limestone  underlying 
the  Devonian  diak. 
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WATNB  CO0NTT. 

Rocks  of  (hrdovieian  and  Sfhirian  ago  ooenpF  tlw  snb-avrfaee  of  this  «ma^, 

but  are  expose<}  at  few  places,  beinjr  covered  wiA  glacial  drift,  whidl  attains  a 

thickness  of  more  than  two  hundred  feet. 

Wayne  Township,   At  Richmond  a  well  was  drilled  the  log  of  which  was 


xoeoidod  as  ^fidlowa  by  Goriqr:* 

Hudson  Riyer  limestone  and  aliale   500  feet 

Utica  shale    380  feet 

Trenton  limestone   510  feet 

St.  Ptoter's  sandstone   10  feet 

Total  depth  1400  feet 

Trmtan  above  sea  levd   79  feet 


Another  well  readied  the  Trenton  at  946  feet,  another  at  886  feet  and 
another  at  972  feet 

Jefferxnn  Tnumnhip.  At  Hagrerstown  jfas  was  found  in  a  number  of  wells. 
One  of  the  wells  passed  throtigh  100  feet  of  drift,  reached  the  Trenton  at  846 
faet,  197  feet  above  s^  levd. 

Jackson  rownsA^.  Two  wdls  drilled  at  Cambridge  City  gam  the  follow- 


ing sections: 

Drift    96  feet 

Niagara  limestone    2  feet 

Hudson  River  and  Utlca   668  feet 

Trenton  limestone  134  feet 

Total  depth    900  feet 

Trenton  above  sea  level   174  feet 

No.  2  passed  through  100  feet  of  drift  and  reached  the  Trenton  at  847  feet. 

The  records  of  other  wells  drilled  in  the  county  as  given  by  Phinney  are 
as  fdloiws: 

Wash-  Foun- 

Dublin   Daiton   ington  Russell  tain 

Drift                        800        276        212  ...  185 

Depth  of  Trenton...  868       960       976  909  1026 

Altitude  of  surface.  10G6        ...      1100  1029  1011 

Altitude  of  Trenton.  198       ...       124  120  86 


WELLS  COUNTY. 

This  county  lies  within  the  area  occupied  by  the  Silurian  strata,  which  is 
covered  with  glacial  drift  The  stratigraphieal  and  the  structural  conditions 
can  be  determined  by  the  study  of  well  records.  This  county  has  produced  oil 
and  the  old  field  has  recently  been  extended  in  the  western  part  of  the  county. 
The  reeords  of  some  of  the  wdls  are  given  bdow: 

ChcHler  Township,  A  large  number  of  wells  were  drilled  in  this  township. 
Two  wells  drilled  in  1908,  started  at  80  and  85  barrels  each.  The  abandoned 
wells  are:  Section  2,  1  well;  Section  5,  6  wells;  Section  6,  5  wells;  Section  7, 
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9  wells;  Section  8,  19  wells;  Section  9,  1  well;  Section  10,  4  wells;  Section  14, 
13  wells;  Section  15»  87  wells;  Section  16,  3  wells;  Section  17, 18  wells;  Section 
18, 7  wells;  Section  22, 4  mlli;  SeetUm  28, 18  wdls;  Seetkm  27, 1  wdl;  Seetion 
30,  21  wells ;  Section  81,  8  trails;  Section  82, 16  wdla;  8«etiMi  88, 2  welb;  See- 
tion 34,  11  wells. 


Liberty  TownHhip. 


Jaekson  Towiuhip.  A  well  was  drilled  in  1908  in  Section  12,  S.  E.  \i  and 
yielded  110  iHiRela  the  lint  diy.  Tlw  fdlowiair  la  tht  avmtg*  tteexd  of  th* 
wells  in  tlw  N.  W.  K  of  Section  20: 

Drive  pipe    153  feet 

Casing    385  feet 

Top  of  Trenton   989  feet 

TMal  davOk  1048  fwt 
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A  bore  on  the  Palmer  lease,  east  half  ef  the  N.  W.  %  of  Soetion  81,  had 


the  followinp  record: 

Drive  pipe   130  feet 

Casinff    840  feet 

Top  of  Trenton  985  feet 

Total  depth   1045  feet 


The  abandoned  wells  are  as  follows:  Section  1,  1)  wells;  Section  2,  8  wells; 
Section  3,  9  wells;  Section  9,  H  wells;  Section  10,  8  wells;  Section  11,  8  wells; 
Section  12,  9  wells;  Section  13,  16  wells;  Section  14,  26  wells;  Section  15,  8 
wells;  Section  \C,,  13  wells;  Section  17,  11  wells;  Section  IH,  r>  wells;  Section 
19,  10  wells;  Section  21,  27  wells;  Section  22,  1  well;  Section  Zli,  28  wells;  Sec- 
tion 24, 15  wells;  Section  26, 40  wells;  Section  26. 12  wells;  Section  27, 8  wdto; 
Section  28,  3  wells;  Section  29,  1  well;  Section  32,  7  wells;  Section  88, 14  wetla; 
Section  34,  7  wells;  Section  35,  2  wells;  Section  36,  7  wells. 

Nottingliam  Township.  A  well  drilled  on  the  Dickinson  tract,  in  the  N.  E. 
M  of  Section  28,  has  the  following  record: 


Drive  pipe   38  feet 

Casing    332  feet 

Top  of  Trenton  1005  feet 

Total  depth   1050  feet 

Initial  output   30  bbls. 


Abandoned  wells  are  as  follows:  Section  4,  9  well<;  Section  6,  1  well; 
Section  9,  15  wells;  Section  8,  15  wells;  Section  14,  1  well;  Section  16,  8  wells; 
Section  17,  6  wells;  Section  18,  21  wells;  Section  19,  29  wells;  Section  20,  7 
wdls;  Section  21,  3  wdls;  Section  22,  7  wells;  Section  23,  2  wells;  Section  24, 
2  weUa;  Section  25, 3  wells;  Section  26,  8  wells;  Section  28,  3  wells;  Section  29, 
1  well;  Section  80,  5  wdU;  Section  81,  7  wdb;  Section  82,  6  wdls;  Seetkm  33, 
8  wdls;  Section  85,  2  wells;  Section  86, 1  wdL 

Harrison  TomMhip.   Section  of  well  No.  1,  Bluflton,  Indiana: 


Drift    12  feet 

Niagara  limestone  and  shale   413  feet 

Hudson  Kiver  limestone  and  shale   340  feet 

Utica  shale  ,   286  feet 

Trenton  limestone   150  feet 

Total  depth   1200  feet 

Trenton  below  sea  level   218  feet 

Yielded  no  gas. 

Section  of  well  No.  2,  Blulfton,  Indiana: 

Drift    15  feet 

Water  lime   80  feet 

Niagara  limestone    479  feet 

Hudson  River  limestone  and  shale   340  feet 

Utica  shale   175  feet 

Trenton  limestone   81  feet 


Total  depth  1106  feet 

Trenton  below  sea  level   288  feet 
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lAbertjf  Ttmmtkip,  A  large  nrnnber  of  wdls  were  drilled  in  this  towiubip. 

The  following  have  bet-n  abandonee!:  Soctiwj  19,  2  wdU;  Section  28,  1  well; 
Section  32,  5  wells;  Section  33,  8  wells. 

Lancojster  Totvnahip.  A  well  was  abandoned  in  Section  4  on  the  property 
of  H.  Riipright  in  1919. 

Jefferson  Toumi<hip.  A  well  drilled  im  the  property  of  Grover  Gibeon  in 
Section  27  was  abandoned  in  1919. 

WHITE  COUNTY. 

Strata  of  the  Missi&sippiun  age  occupy  the  subsurface  of  the  southwestern 
portion  of  this  county;  Devonian  strata,  the  central  portion;  and  Silurian 
strata  the  eastem  portion.  A  mantle  of  icrlacial  drift  larpely  conceal.^  these 
strata  and  attain.s  a  thickness  of  from  200  to  300  feet.  The  structural  condi- 
tion of  the  strata  of  the  duroHtli  cannot  be  determined  by  direct  observation 

because  of  the  overlying  drift. 

The  record  of  a  well  drilled  at  Monticcllo  is  given  below: 


Section  of  Well  No.  1. 

Drift    205  feet 

Niagara  limestone   515  feet 

Hudson  River  limestone  and  shale   120  feet 

Utica  shale   :   170  feet 

Trenton  limestone   68  feet 

Total  depth  1073  feet 

Trenton  bebnr  sea  level   838  feet 

Yielded  no  gas. 
A  well  drilled  at  Mmion  is  r^Mirted  as  follows: 

Limestone   680  feet 

Shale    30  feet 

Petroliferous  limestone  (Clinton?)   25  feet 

Shale    285  feet 

Trenton  limestene   50  feet 

Total  depth    920  feet 

Altitude  of  well   664  feet 


The  surface  of  the  Trenton  lies  from  250  to  400  feet  below  sea  levd  in 

this  county. 

Railroad  Elevations. 

Bumettsville,  711.2;  Idaville,  709.7;  Monticdlo,  677.9;  Reynolds,  691.2; 
Seafield,  697.7;  Waleott,  714.1;  Lee^  671;  Monon,  672.2;  Wheders,  690.7; 
ChaUners,  708.9. 

WHITLEY  COITNTY. 

The  strata  which  form  the  bed  rock  for  this  county  belong  to  the  Silurian 
and  Devonian  periods.  The  strata  dip  northward.  They  are  concealed  by  an 
«verln»den  of  g ladal  drift  iNdiidi  attains  a  thiclmess  «tf  team  than  time  hnn- 
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dred  feet.  At  Columbia  City  a  deep  well  was  drilled  anri  salt  water  was 
encountered  at  900  and  at  1,375  feet.   A  bed  of  salt  25  feet  thick  reported 


at  a  dqifh  of  872  f eet  The  reeordof  thewell  followB: 

Drift    224  feet 

Limestone    350  feet 

Shale    776  feet 

Trenton  Ihneetone   25  feet 

Total  depth  *.  inTfi  feet 

Altitude  of  well   816  feet 

Gortqr  gave  the  following  log  of  a  well  at  Columbia  City: 

Seetwm  of  Well  Na  1. 

Drift    224  feet 

Niagara  limestone  and  shale   626  feet 

Hndeon  River  limeetone  an{l  shale   400  feet 

Utica  shale    218  feet 

Trenton  limeiitone    39  feet 

Total  depth    1407  feet 

Trenton  below  sea  level   545  feet 

Yielded  no  gas. 

Another  well  drilled  at  LarwiU,  northwest  of  Columbia  City,  has  the  fol- 
lowing log: 

Drift    365  feet 

Blue  limestone   800  feet 

Whitish  limestone   200  feet 

Bluish  limestone   22  feet 

Niagara  shale     48  feet 

Clinton  limestone  (salt  water)   14  feet 

Shale    43  feet 

Limestone,  salt  water   43  feet 

Bluish  green  shale   212  feet 

Black  shale   800  feet 

Trenton  Hmeetone   61  feet 

Total  depth   159??  feet 

Altitude  of  well    950  feet 


The  structural  conditions  of  the  durolith  are  not  determinable  by  the 
direct  observations  on  account  of  the  glacial  covering.  Subsurface  work  will 
dqiend  upon  data  secured  from  deep  wdls. 
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ADDITIONAL  LOGS  AND  LOCATION  OF  WELLS. 

Logs  and  Locations  of  Wells  in  Adams  County. 


Township 

Seetioa 

Depth,  Feet 

Oil  Sands,  Feet 

Wabaah  

28 

1,057 

1,001 

BtaekfoFd  County. 


14 

980 

15 

1,038 

997 

27 

1,287 

025 

Carroll  County. 

20 

•1ft 

886 

DeUwnre  County. 


Delaware 
Delaware 
Delaware 
Delaware 

Dpiaware 
Delaware 
Delaware 

Delaware 
Delaware 
Delaware 

Delaware 
Delaware 
Delaware 

Doiawaro 
Delaware 
Delaware 

Delaware 
Delaware 
Delaware 
Delaware 
Delaware 
Delaware 
Di'liW'ire 
Delaware 
Hnmiltoo 
Hamilton 


28 
28 
27 
37 
11 
36 

33 
33 
33 
33 
32 
22 
33 
33 
33 

33 

1,306 

1  21.? 
1,240 
1,190 
1,208 
1,207 
1,2S5 
1.227 

i.m 

1,278 

l,313(dry) 
1,262* 
1,232 
1,187 
1,216 
1,306 
1,213 
1,212 
1,306 
1.206 
1,207 
1,176 
1,239 
1,209 
1,330 
1,313 


1,107 
1.311 
1.238 
1,197 
928 
923 
071 

trtO 

916 
048 
972 
1,200 
016 


040 
046 

935 
945 
1,200 
087 
037 


930 
935 

032  to  1,305 

033  to  1.340 
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Delaware  County — Continued. 


«.  .. 

■1  vwli6ni|y 

• 

D«pth»  Feet 

Oil  Sends,  Feet 

1  222 

17 

1,232 
1,237 
1,208 
1,242 
1,250 
1,250 
1,279 
1,223 
1,19<} 

i,ao2 

939 
941 
075 

900 

947  to  1,177 
1,220 
1,221 
1,191 
1,197 

1 

Na««  

21 

?  

r  

T  

Dubois  CouB^. 

10 

i,aw 

1,168 

Gibeon  County. 


Center  

Montgomery  

Patoka   

Washington  

Washington  

Washington  

Washington  

Washington  

Washington  

Washington  

Washington ........ 

Wiushingtoo  

Washington  

Washington  

Washington  

Wasliington  

(Geo.  SturgiH  farm) . 


U 
88 
82 
1 
6. 
6 
7 
7 
7 
7 
7 

7 
6 


1,617 
2,080 
1,705 
1,617 
1,006 
1,532 
1,349 
1,402 
1,381 
1,425 
1,381 
1,500 
1,348 
1,355 
2,210 
1,375 


7. 
T. 


1,884 

1,062 

1,323 
1,375 

1,360 
1,400 
1,338 

1.320 
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Grant  County. 


Township 

Section 

Depth,  Feet 

oil  Siuids,  Feet 

5 

965 

913 

S67  topofMiid 

887H  top  of  sand 
sea    top  of  sand 

873 

928 

931 

916 

916 

998 

25  N.  E.X  

5 

25  N.  E.   

5 

942 
918 

921 

980 

25N.  E.   

9 
29 
5 

25  N  

25  

1,033 
1,023 
l.Olfi 
1,041 
1,050 

943 

900  to  Trenton 

939>^ 

mi4 

884 
988 

PleaMuit  

•  9N.H 

994 
955 
922 
990 
927 

4 

4 

867 

926H 
858 

9 

920 
960 
940 
980 

4 

909 
860 

4 

Pleauuit  

881 
879 
917 
920  top  land 

922 

941 

Pleasant  

Pleasant  

960 
1,102 

978H 

910 

976 

976 

934 

979 

W5H 

968 

036 

Pleasant   

9 

927 
866 
902 
902 
872 
907 

902M 

931 

926 

9 

Pleaaaat   

Ploiistint   

9 

9 

9 

9 

9 
9 

9 

968 

Pleasant  

9 

962 

912 
887 

6 

942 
966 
977 
922 

Pleasant  

918  to  TraotoD 
920  toTfcntom 

966 

916  to  Tronton 
873  to  Trenton 
9IOtoTicntan 

KUUmd  
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^miltun  County, 


Townahip 

Section 

Depth.  Feet 

Oil  Sanda,  Feet 

2 

1,049 

1,038  to  Trenton 
l,084to  Trenton 

1,038 
1,034 

7 
18 

1,049 
1,048 

Haiicock  County. 

17N.  R.6E  

1,060 
1,002 

1,017 

H«Diy  County. 

Knights  town. 
Knightstown. 
town  lot. . . 

880 

825 
828 

820 

817 
818 

Huntington  CSoonty. 


88 

1,078 

1,054 

12 

1,031 

1,001 

20 

l,063H 

1,034 

20 

1,006 

981 

80 

967 

964 

28 

1.170 

1,181 

20 

1,040^ 

1.028 

20 

1,043 

1,021 

1,000 

20 

900 

968 

20 

078M 

0B8^ 

20 

1,003 

975 

20 

1,001 

976 

Salamonie  

20 

975 

952 

29 

992 

968 

20 

as2 

956 

Salomonio  

29 

1,007 

975 

29 

982 

960 

20 

1,060 

1,044 

Salamonie  

29 

1,072 

1,054}^ 

SnlMnonte.  

29 

1,052 

1,029 
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Huntington  County— Continued. 


Township 


Salnmonie . . 
Sniamonie . . 
tSalamonie  . 
Salamonie . . 
Salatnunie . . 
Salamonie  . 
Salamonie. . . 
Salamonie. . 
Salamonie  . 
Salamonie  . 
Salamonie. . 
Salamonie  . . 
Salamonie  . . 
Salamonie  . 
Salamonie. . 
Salamonie.  , 
Salamonie  .. 
Salamonie. .. 


Section 


Penn . . . 
Penn . . . 
Wayne 
Wayne . 
Wayne . 
Wayne . 


Depth.  Feet     Oil  Sands,  Feet 


Jay  County. 


I  ,\)^J 

1   A1  1 

1    fU\  1 

Uou 

29 

i,oo:i 

977 

29 

9!»2 

965 

20 

1,036 

1.018 

20 

1,050 

1,033 

20 

1.013 

991 

30 

1,014 

m 

20 

993 

068 

20 

1,037 

1,007 

20 

1,007 

97S> 

20 

I,(M1) 

i.aii 

20 

1,045 

1.030 

23 

1.061 

1,036 

2S 

499 

4S1 

20 

977 

956' 2 

20 

!)95 

96S  Tr. 

20 

9824 

962  Tr. 

1,009 

987 

1,011 

986 

l.OOU  . 

973 

1,068 
1,010 
1.108 
1,106 
1,100 
1,110 
1,070 


927 
932 


Jennings  County. 


6N.  R.  8E. 


Johnson  County. 


Nineveh , 
Nin«veh . 


1,8.30 
1.164 


1,273 
1,129 
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Knox  CkMinty. 


Township 

Dcptli,  Fet  t 

Oil  Samis,  Feet 

30 

2,004 

Mudi8oii  County. 

1,000 

023 

Fike  County. 


Logan  

Logan...  . 
Logan..  .  . 
Logan  ...  . 
Madison . . . 
Madison  — 
Madison . . . 
Madison . . 
Madison .  . 
Madison . 
Madison . . 
Madison . 
Madison  . 
Madison  .  . 
Madison  — 
Madison . 
MadiHon 
Madison . 
Ma(ii.<4on . . 
M  iilisrin . . 
.Mii.lis.m 
Nfaili-iiiri  . 
Maili.soti  . . 
MadiMon .  . , 

Madison  

Madison . .  . 
Mailisnii . . 
Madison, . 
Madison. . . 
Mjidison . . . 
Madison . . . 

Madiscm  

Washington. 


22 
27 
27 
27 
30 


as 

36 
30 


1 

85 
2 
35 
35 
35 
35 
35 
86 
85 
85 
30 
30 
86 


32 
22 
22 
27 


1.236! i 
1.274 
1,575 
1,202 
1,242 
1,441 
1.325 
1 . 3.10 
1,296 
1,3.50 
1.312 
1,»M 
1.307 
1,311 
I . 180) i 
1.310 
1.347 
1.024 
1.331 
1,348 
1..34S 
1,322 
1,348 
1.346 
1,006H 
1.302 
1.3.^ 
1,334 
1,882 
1,840 
968 
1,386 
1.140 
1,339 
2,0B0 
1.6fiO 


905 
1.274 


1, 


1,287 
1,270 

i,oa5 


1.002 
1,221 
1.203 


l.OOo^j 
1,847 


1.316 
1,343 
1,342 
975 


1,287 
1,801 


1,000 


1,331 
1,676 
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PuUdd  County. 


Township 

Seetion 

Daptb,  Fwt 

00  8mmI>,  Feet 

970 

908 

Randolph  County. 

1 

1.402 

1,230 
1.103 
1,103 
1.402 
1.204 

966 

1,100 
975 
958 

1.006 
974 

21  N.  R.  11  E  

21  N  

as 
1 

SuUivan  County. 

• 

9N.9W  

83 

mo 

643 
63S 

4 
4 

630 

Gill  

Gfll  

3 
32 

817 

780 
952 

cm  

750 

TiptoD  County. 

30 
38 
19 

l.Olfi 
1,045 
1.026 

1 ,  im 

1,021 
1,008 

Ubeity  

Vigo  County. 

16 
16 
22 

2,150 
1,280 
800 

Wabash  County. 

1 

N.  W.M38.. 

021  to  Tr. 
931 
865H 

26  N  

879 

921H 
870 

26  
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Wells  County. 

Towii.shiii 

Section 

Doi)th,  Feet 

Oil  Sands,  Feet 

25  

9SW.ii  

1,027 

878 

County 

Location:  Townshio.  Rann 

Depth  to  Pay 

Total 

and  Section 

Sand.  Feet 

Deoth.  Feet 

Clay  

Twp,  9  N.  R.  7  W.,  Sec.  16  

811 

311 

Clay  

Twp.  9  N.  R.  7  W.,  Sec.  16   

200 

259 

Clay  

Twp.  9  N.  R.  7  W.,  Sec.  15   

398 

Clay  

Twp.  9  N.  R.  7  W.,  Sec.  16   

1,847 

1,900 

Crant  

Twp.  25  N  R.  7  E  ,  Sec.  9  

833M 

935 

Grant  

Twp  25  N  R  7  K   Sec  9  W   

882 

915 

Grant  

Twp.  2.")  X  II  7  E.,  Sec.  9  W   

915 

drant  

933 

976 

Grant  

Twp  25  X  R  7  E    Sec  !)  \V    ...  . 

927 

975 

Grant  

^                  XT     I>     T  \^  W 

OA! 

881 

910 

Grant 

Twii  2."  \  R  7  E.  Sec  9  \V 

887 

972 

Grant  

Twp.  2.")  .\  .  U.  7  E.,  Sec.  9  \V   

985 

976 

Grant  

Vol 

V7o 

Grant 

T\v[.  2.")  \.  R.  7  E.,  Sec.  9  W  

858 

90.5 

Gruut  

Twp.  2.5  N.  R.  7  E.,  Sec.  9  W   

851 

902 

Grant  

Twp.  25  N.  R.  7  E.,  Sec.  9  \V  

935 

088 

Grant  . 

Twp.  25  N.  R.  7  E.,  Sec.  9  W  

883 

919 

Grunt  

Twp.  25  N.  R.  7  E.,  Sec.  0  W  

982 

dS3 

Grant  

Twp.  25  N.  R.  7  E.,  Sec.  0  W  

880 

941 

Grunt  . 

Twp.  25  X.  R.  6  E.,  Sec.  1  X.  W  

WW 

993 

Grant . .       . . 

Twp.  25  N.  R.  7  E.,  Sec.  15  

801 

947H 

Grant  

Twp.  2S  N.  R.  7  B.,  See.  4  

907 

955 

Grant  

Twp.  25  X.  R.  7  E.,  Sec.  4  

884 

937 

Grant  

915 

968 

Grant  

Twp.  25  N  R.  7E.,8ec.  8  

906 

948H 

Gninf   

Twp  2.-)  X  R,  7  E.,  Sec.  3  

872 

874 

Grunt  

940 

986 

Grant  

918 

l.OOS 

Gibson 

1,671 

Gibson   

875 

875 

Gibson.  

877 

Gibson 

806 

806 

Gibson  

755 

755 

GitMon  

798 

flibson  

741 

803 

Gibson  

720 

823 

Gitwon  

Twp.  Waahington,  Sec  

728 

810 

86  20642 
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Comity 

Ix>cntion:   Township,  Hanf;c 

Depth  to  Pay 

Total 

and  Section 

Sand,  Feet 

Depth,  Feet 

(iihson . . . 
Ciib»on  . 
Ciibflon .. . 
Gibson . . 
Gibson  . . 
Gibson.. . 
Gibson.. . 
GihBon  . 
Gibson  . 
Gibson .. . 
Gibson . . . 
Gibson  .  , 
Iliunilton 
Hamilton 
Hamilton 
Hamilton 
Hancoek . 
Jackson  . 

Jay  

Jay  

Jay  

Jay  

Jay  

Jay  

Pike  

Pike .  . 
Pike  . 

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  

Pike  


Twp 
Tw]) 
Twp 
Twji 
Twp 
Twp 
Twp 
Twj> 
Twp 
Twp 
Twp 
Tup 
Twp 
Twp 
Twp 
Tw|} 
Twp 
Sec. 
Twp 
Twp 
Twp 
Twp 
Twp 
Twp 
Twp 
Twp 
Twp 

TH^l 

Twp 
Twp 
Twp 
Twp 
Twp 
Twp 
Tw]t 
Twp 
Twp 
Twp 
Twp 
Twp 
Twi) 
Twp 
Twp 


WiwhinKtou,  Sec.  6. 
W  iwhiiiftton,  Sec.  20. 
WiUHhinRton.  S<»c.  20 
.  \VashinKtoii,  Sec.  20. 
.  Washinnton,  Sec.  20. 

\Vaj<hinnton,  Sec.  20. 
.  Wasliington,  Sec.  20 . 

Wasliinntoii.  Sec.  20. 
.  \Va*ihinRton,  Sec.  28. 
White  River,  Sec.  36 

Stockton,  Sec.  7  

1,  South,  Sec.  31  

19,  Sec.  7   

19  N.,  Sec  

.  \Va.'«hington,  Sec.  7  .  . 
,  WashinKton,  Sec.  7 . 
.  Buck  Crri'k,  Sec.  12. 

30   

.  Bear  C'reck,  Sec.  18. . 
.  Bear  Creek,  Sec.  18  . 
.  Bear  Creek,  Sec.  18.. 
.  lioar  Creek.  Sec,  18. , 
Bear  Creek,  Sec.  18. , 
Bear  Creek.  Sec  18.. 

Chiy,  Sec.  5  

Clay,  Sec.  5 
Madison,  Sec.  6    .  . 
.  Madison.  Sec.   6.  .  .  . 
.  Madison,  Sec.  'Ily  .  .  . 
Madi.Hon,  Sec.  0 
Madison,  Sec.  5  ... 

Logon,  Sec.  22   

Logiui,  Sec.  22  ...... 

Logan,  Sec.  22   

Logan,  Sec.  22  

Logan,  Sec.  22   

Logan,  Sec.  22   

Logan,  Sec.  22  

Ix>gan,  Sec.  22  ..  

I/Ogan,  Sec.  22  

Ix»gan,  Sec.  22  

lyogan.  Sec.  22  

LiOgan,  Sec.  22.  .... 


1,350 


1.300 
1,296 
1.300 
1,295 
1,286 


1,671 

l,a35  Tr. 
1,041 

i,(m 

1,038 

m 

1,350  Tr. 


722 


1,110 
923 
040 
900 

1,121 


982 
964 
9S7 
974 
999 
990 


1,005 
1,026 
l,020H 
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surface  is  covered.  Thus  gradually  the  basin  becomes  filled  and  the  pond 
or  lake  has  baeoBM  extiiiet  and  a  peat  or  quaking  bog  haa  tahan  Ha  placa. 
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CHAPTER  XL  • 
PEAT  AND  PYBITE. 


PMt 


Feat  is  «n  organie  sobfltanoe  whidi  foiSBS  tt»  cU«f  wnuPM  of  fad  for 

some  countries.  In  appearance  it  varies  from  a  lipht  brown  spongy  mass 
in  which  vegetable  fibers  axe  clearly  seen  to  a  darlc  carbonized  mass  in  which 
an  maiks  of  oeeasional  fomu  of  vegetation.  In  the  prcobnfce  of  mter  it  is 
generally  soft,  somewhat  gelatinous  and  easily  molded,  on  drying  it  becomes 
hard  and  develops  shrinkage  cracks.  Under  the  microscope  peat  is  seen  to 
be  composed  largely  of  vegetable  matter  with  small  qnantities  of  inorganic 
subataiiees  such  as  day  and  sand. 

Difttribution  of  I'tat  in  IndUnia.'^  The  peat  deposits  of  Intiiana  arc  closely 
associated  with  the  Wisconsin  drift  sheet  which  extended  to  the  central  part 
of  tile  state,  however,  since  the  greatest  lalie  devdopment  in  Indiana  is 
found  in  the  three  northern  tiers  of  counties,  it  is  there  that  larjjest  deposits 
of  peat  are  found.  The  workable  peat  beds  cover  approximately  36,UU0  acres 
and  contain  neariy  three  billions  eubic  feet  The  distribution  is  diown  on  the 
aieeompanying  map. 

Origin.  Peat  originates  from  the  accumulation  of  vegetable  matter  in 
lakes,  ponds  and  nmr.shed.  The  basins  in  which  the  vegetation  accumulates 
were  foimed  in  part  as  "kettle  lide"  or  morainic  basins,  in  part  as  depres> 
sion.s  among  .sand  dunes  and  in  part  as  meander  basins  caused  by  the  shift- 
ing of  stream  courses.  The  largest  deposits  are  connected  with  the  glacial 
lake  basins.  There  are  two  varieties  of  peat,  distinguidwd  from  one  another 
by  the  character  of  vegetation  entering  into  their  composition.  The  moss 
peat  is  made  largely  of  mosses  of  which  the  species,  Spagnum  Cymbifolium 
forms  tiie  largest  part.  This  fom  of  peat  has  the  Ugliest  Aid  iralue  beeause 
its  accumulation  is  in  localities  freer  from  terrestrial  contamination.  The 
other  variety  is  formed  from  the  accumulation  of  various  forms  of  vegetation, 
siidi  as  rushes,  reeds,  and  sedges.  These  acenmulate  in  shallower  waters, 
where  land  derived  materials  are  more  likely  to  be  deposited. 

The  essential  conditions  for  the  acctmiulation  of  peat  are  an  abundant 
growth  of  vegetation  and  the  presence  of  suffident  water  to  prevent  oxidiza- 
tion and  the  destructive  action  of  bacteria.  As  long  as  peat  dipedts  remain 
below  the  level  of  ground  water  they  are  preserved,  but  as  soon  as  they  arc 
brought  above  the  water  table  decomposition  takes  place  and  it  rapidly  loses 
its  Aid  vdne. 

In  a  peat  deposit  which  is  being  formed  of  spagnum  moss  three  zones  are 
recognized.  At  the  top  is  a  layer  of  greenish  colored  moss  and  below  a  layer 
of  light  brown  spongy  dead  moes.  Bdow  tiie  latter  is  a  layer  of  dark  bwwn 
more  highly  compacted  and  carbonized.  This  layer  is  the  one  having  the 
highest  fuel  value  but  is  not  as  valuable  for  some  other  porpoaes  as  the 
middle  layer. 

The  growth  of  veRetation  which  fomia  a  peat  deposit  starts  in  the  shallow 
water  around  the  margin  of  the  basin  and  as  tiw  old  vegetation  sinks  to  .the 
bottom  new  vegetation  takes  ite  place.  Aa  tiw  flifing  eontimies  liie  nosaea 
reach  farther  and  farther  out  on  the  surface  of  the  water  until  the  entire 
surface  is  covered.  Thus  gradually  the  basin  becomes  filled  and  the  pond 
or  lake  has  beeome  extinct  and  a  peat  or  quaking  bog  has  taken  its  place. 
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CovipositioJK  The  composition  of  peat  compares  in  a  general  way  with 
coal,  that  is,  it  contains  the  same  elements  but  less  carbon  and  hydrogen, 
and  more  oxygen  and  ash.  As  a  rule  it  contains  less  sulphur  and  has  a  lower 
fuel  value.  Air  dried  pent  has  a  higher  fuel  valne  than  airniried  wood  and 
kiln-dried  peats  than  kiln-dried  wood. 

Tho  analyses  of  tiw  following  ftn  samplos  of  peat  wore  made  bgr  Dr. 
R.  E.  Lyons  and  puUiahed  in  the  tiiir^flnt  Annual  Report  of  the  Indiana 
Geological  Survey: 

Analyses  o{  Samples  of  Indiana  Peat. 

Xo.  1     No.  2     No.  3     No.  4     No.  5 

Moisture  (105'C)   17  10  12.24  11.40  8.99  10.20 

Volatile  (air  dried)   78.81  70.31  6S.fi2  70.97  66.48 

Fixed  carLon  (air  dried)   22.53  23  45  20  05  19.0S  24.30 

Coke  (air  dried)   20.67  29.78  34.47  29.09  37.55 

Ash  (air  dried)   4.14  6.83  13.83  10.01  18.35 

NitroKcn  ;;iir  driod)    3.56  3.22  3.31  3.91  2.96 

Sulphur  ^oven  dried)  74  .87  1.33  .83  .96 

Phoqihorifi  aeid  in  ash   1.90  1.51  1.17  1.26  1.58 

IVitaBhiDaah   1-56  1.35  .96  .96  .82 

So.  1.  Dekalb,  Sec.  9,  33  N.  12  E.  No.  2.  St.  Jo.-^eph,  Scc-s.  28,  33  and 
34,  36  N.  2  £.  No.  3.  St.  Joseph,  Sec.  3,  36  N.  1  E.  No.  4.  Marshall,  Seca. 
10  and  11, 38  N.  1  B.  No.  5.  Starke,  See.  10, 83  N.  8  E. 

Utn.  Peat  may  be  used  in  many  ways,  nanidy,  as  fuel,  as  bedding,  as 
packing,  as  an  ahsorbt'nt,  dtodorizing,  filtering,  a.s  a  filler  for  fertilizer,  for 
making  ethyl  alcohol,  in  tht;  munuiucture  of  paper  and  cloth,  and  artificial 
boards,  and  for  medicinal  bathe. 

Fuel.  Becau.se  of  the  past  abundance  of  wood  and  the  present  abundance 
of  coal  in  Indiana  the  utilization  of  peat  for  fuel  has  and  is  receiving  little 
attention.  With  the  Complete  exhaustion  of  oar  timber  and  a  greatly  re- 
stricted coal  supply  will  come  a  gi-eater  demand  for  peat  as  fuel.  Peat,  as 
it  exists  in  the  earth,  contains  a  large  amount  of  water.  Before  it  can  be 
used  for  fuel  this  water  must  be  removed.  A  part  may  be  evaporated  in  the 
open  air,  but  oven  drying  is  essential  to  the  use  of  peat  on  a  large  scale.  Peat 
may  be  u.sed  for  fuel  in  the  form  in  which  it  is  taken  from  the  pit  or  it  may 
be  molded  into  brickettes  while  still  moist  and  the  brickettes  dried  either  in 
^  epen  air  or  in  Mine.  The  peat  may  be  dried  and  melded  into  brickettee 
either  wn'th  or  without  the  use  of  a  binder.  Perhnps  the  most  ceonmnira!  and 
modern  method  of  using  peat  for  fuel  would  be  to  reduce  it  to  the  powdered 
form  and  feed  it  to  the  firebox  with  air  nnder  presBttre. 

Peat  coke  is  manufactured  succes.sfully  in  European  eountrics  in  retort 
ovens.  The  coke  has  a  higher  heating  power  than  either  high  grade  bituminous 
coal  or  anfliradte,  since  temperatures  of  4,700*  F.  have  been  obtained  by  vae 
of  the  former  and  only  4,000°  F.  and  4,500  F.  with  the  latter.  By  this  method 
of  coking,  valuable  by-producLs,  acetic  acid,  alcohols,  ethyl  and  methyl,  ammo- 
nia^ analine  colors,  benzol,  naphtha,  lubricating  oils  and  other  substances  may 
be  obtained. 

Peat  may  be  u^cd  successfully  in  the  manufacture  of  producer  gas.  In 
large  industrial  plants  this  would  probably  be  the  most  economical  way  of 
using  it  for  foeL 
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Fertiliser.  As  will  be  seen  from  the  analyses  given  on  a  previous  page 
peat  oontaina  ^ree  elements,  nitrogen,  potasaiiim  and  phosphorus,  whidi  are 
used  by  plants  and  it  is  therefore  a  fertilizer.  However,  it  is  used  on  account 
of  its  li^ht  weight,  as  a  filler  for  conunercial  fertilizer  cariying  salts  of  nitro- 
gen and  phosphorus.  Some  of  the  fertilizer  companies  in  InAana  ma  it  for 
that  purpose.  Since  it  is  necessar>'  to  use  .«^ome  form  of  filler  to  prevent  too 
strong  an  npplication  of  the  mineral  salts  at  one  place,  a  better  one  than  peat 
could  not  be  selected. 

B0«UHnff.  The  use  of  peat  as  a  litter  in  bams  for  stodc  is  desirable  be* 
cause  of  its  absorptive  power  for  oHors  and  liquids  and  because  of  the  fact 
that  when  the  bedding  is  later  spread  upon  the  land,  as  it  should  be,  for  ferti- 
liiani;  purposes,  additional  fertilising  dements  liave  been  gained  from  the  peat 

Paekiii;/.  Peat  makes  excellent  packing  material  and  can  be  used  for  all 
purposes  for  which  excelsior  is  used.  There  is  nothing  superior  to  peat  for 
packing  around  the  rooUs  or  stems  of  live  plants  because  of  its  absorptive 
powers. 

Siir;;iri!l  Pfv-vs??)^/^.  Mull,  which  is  the  finer  matter  separated  from  moss 
peat  by  screening,  is  used  for  deodorizing  and  disinfecting  purposes.  During 
the  period  of  the  World  War,  when  it  beearae  difflenlt  to  obtatai  absorbent  eot^ 
ton,  mull  was  substituted  in  the  preparation  of  surpical  dressings,  for  which 
it  was  thought  to  be  in  some  respects,  superior  to  cotton.  Its  power  of  absorp- 
tion is  as  high  as  ten  times  its  own  wwf^t.  The  water  fhim  peat  has  strong 
antiseptic  qualities  and  has  been  used  for  wound  dressing  and  In  the  pr^a* 
ration  of  medicinal  baths. 

Paper  mid  Lumber.  The  use  of  peat  in  the  manufacture  of  certain  grades 
of  paper  and  eardboard  has  been  successful.  But  its  use  for  this  purpose  has 
not  been  extensive  on  account  of  the  cheapness  of  other  material.s  which  are 
used  for  that  purpose.  The  present  high  price  of  paper  of  all  grades  and 
the  eonssqucnt  advanee  in  the  priee  of  raw  materials  should  open  the  market 
for  peat.  Tht>  hi>,'h  price  of  lumbci-  -hould  also  make  possible  the  successful 
competition  of  peat  lumber  with  the  cheaper  grades  of  the  natural  product. 

Akohol.  Experiments  have  demonstrated  tiiat  alcohol  can  be  mamtfae^ 
tured  from  peat.  It  would  be  reasonable  to  suppose  that  peat  could  easily 
compete  with  other  sub&tances  used  in  the  manufacture  of  alcohol  in  so  far  as 
the  price  of  the  raw  material  is  a  factor.  The  quantity  of  alcohol  obtained 
from  peat  varies  with  the  composition  of  the  peat  but  is  ordinarily  ftmn  eight 
to  ten  prnllons  per  ton. 

Mincellaneous.  Peat  may  be  used  as  a  decoloriaer,  as  a  filter,  as  a  non- 
conduetor  of  heat,  in  the  manufacture  of  diaroool  for  gunpowder,  in  tiie 
manufacture  of  dyes  and  in  the  manufacture  of  fireworks. 

Development.  Little  attempt  has  been  made  to  develop  the  peat  beds  of 
Indiana.  In  widely  scattered  loeaHtiea  it  kaa  been  used  to  a  very  Umlted 
extent  as  fuel  or  as  a  fertilizer.  FertOiior  eempaniee  have  used  it  in  Fmali 
quantities.  It  has  also  been  used  by  one  company  in  the  manufacture  of  mull. 
This  deposit  is  located  about  one  mile  south  of  Garrett  in  the  northeast  quarter 
of  Section  9,  in  Butler  Township,  Dekalb  County.  It  was  worked  for  many 
years  by  Baker  &  Company.  The  deposit  covers  about  sixty  acres,  and  has  a 
maximum  thickness  of  about  forty  feet,  with  an  average  of  much  less.  The 
overburden  is  from  three  to  ei^iteen  inches  and  the  peat  is  of  tlie  wpMgimn 
variety,  a  good  quality  of  medium  to  daric  diocdate  brown  color. 
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Peat  was  naeA  for  fteel  for  several  years  by  Mr.  C.  P.  Brown  of  Tyna> 

City,  Marshall  County.  The  peat  was  air  dried  then  stacked  in  a  shed.  Peat 
was  also  used  for  fuel  at  one  time  from  the  deposits  in  the  Kankakee  Valley, 
in  vicinity  of  South  Bend  in  St.  Joseph  County.  It  has  been  used  locally 
in  a  number  of  counties  for  various  purposes  and  has  been  used  by  some 
fertilizer  factories. 

Analyses  of  Peat. 
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Pyrite  (FeS,)  is  a  mineral  compound  of  sulphur  and  iron  which  is  widdy 
disseminated  throuph  the  rocks  of  the  earth's  exterior.  When  chemically  pure 
it  consists  of  46.6  per  cent  of  iron  and  r>3.4  per  cent  of  sulphur.  In  its  crystal 
habit  it  belongs  to  the  isometric  syitan»  forming  cubes  or  oetohedrons,  ete. 
Its  color  is  brassy,  silvery  or  bronze  and  its  lu.ster  is  metallic.  Marcasite  is  a 
mineral  having  the  same  composition  but  lighter  color  and  cr>'stallizes  in  the 
ortiwrhmnbie  system  forming  tebalar  crystals.  The  msreadte  decoraposcs 
more  rapidly  under  the  jnflacnee  cf  oxygen. 

OxifhitioTi.  In  the  presence  of  moisture  the  oxypfen  of  the  air  attacks  the 
pyrite,  producing  a  number  of  compounds.  Ferrous  sulphate  is  the  most  com- 
mon minaral  formed  by  the  oxidization  of  pyrite.  It  commonly  occurs  as  a 
white  powder  coatinjr  the  oxidizing  mineral.  Often  there  is  n  little  free 
sulphur  formed  by  the  reduction  of  the  ferrous  sulphate,  or  hydi-ogen  sulphide 
and  snlphnrie  acid  may  result  The  redneUon  ef  tiie  fnmms  salphate  may 
result  hi  tha  formation  of  hematite  or,  when  moisture  is  present,  of  limonite. 

Compoitition.  Indiana  pyrite  contains  sulphur  varying  in  amount  from 
forty  to  forty-seven  per  cent.  In  the  coals  of  Indiana,  sulphur  ranges  from 
.89  hi  Coal  IV  to  5.14  per  cent  in  Goal  III  as  mined.  This  does  not  include 
the  amount  discarded  in  mining  operations.  In  .some  placps  the  latter  WOttld 
bring  the  sulphur  content  up  to  ten  per  cent  of  the  coal  mined. 

Mode  of  Oeeurrenee.  The  pyrite  of  Indiana  occurs  in  shales,  in  days,  in 
limestones,  in  iiand.stones  and  in  coals,  .As  a  rule  consmercial  quantities  occur 
in  coals  and  in  shales  or  days  associated  with  coal  beds,  but  occasionally  in 
Imiestones  and  .'ihalcs  not  so  associated.  Pyrite  occurs  in  limestones  in  grains 
or  crystals  and  in  lenses;  in  .shales  in  balls,  cry.stals,  lenses  and  irregular 
masses;  in  clay  as  nodules;  in  coal  and  in  the  shale  as.sociatcd  with  coal  in 
bands,  the  purest  pyrite  generally  occurs  in  thi.s  way.  In  lenses,  which  are 
generally  impurs,  due  to  tiie  preeenee  of  foreign  matter.  In  balk  which  vary 
in  diameter  from  a  few  inches  to  several  feet,  frequently  perfect  spheres 
weighing  from  one  to  four  thousand  pounds.  The  interior  of  these  contain  a 
high  per  cent  of  caldnm  carbonate  and  the  pyrite  is  coniiBed  to  tiie  outer  few 
inches.  Whilo  thr  per  cent  of  ulphur  is  low  in  the  larper  ones  it  may  rantrc 
as  high  as  forty  per  cent  in  the  small  ones.  Pyrite  may  occur  in  coal  in  joint 
▼dns  varsring  from  the  fraction  of  an  inch  to  three  indies  in  tfiiekness.  It 
may  occur  also  as  petrifactions  forming  the  casts  of  limbs  and  tnmka  Slf  tVSSS 
aud  as  irregular  masses  of  various  sliapes  and  sizes. 

In  the  sheety  blade  shale,  wliidi  occurs  in  the  roof  of  Coal  V>  tlMra  are 
large  spherical  boulders  of  pyritiferous  material,  weighing  from  a  few  to 
several  thousand  pound.s.  The  pyrite  is  usually  confined  to  a  few  inches  of  the 
outer  zone  of  the  ball.  The  recoverable  pyrite  is  found  in  bands  and  joint 
fUlings  in  the  ooaL 

Disfrihvtinv.  Pyrite  occurs  in  small  quantities  in  nearly  every  ppological 
formation  in  the  state.  It  is  sent  in  to  the  office  from  all  parts  of  the  state, 
usually  undsar  the  imprfssion  that  it  is  a  mineral  «f  great  Tslna.  Thon^ 
very  wide^  distributed  in  tiie  stat^  rarely  does  it  occur  in  eommndal  4|nanli- 
ties." 


Devonian  Pyrite.  A  band  of  pyrite  often  occurs  at  the  line  of  contact  be- 
tween the  New  Albany  dude  and  tiie  Devonian  Mmestonss  whldk  Be  bdow; 
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whether  it  assumes  proportkms  of  commercial  importance  or  not  has  not 
been  determined. 

Miasissippian  Pyrite.  Pyrite  occurs  in  grains  and  nodular  masses  in  the 
Knobstone  shales,  but  it  has  not  been  found  in  commercial  quantities.  It  also 
ocean  in  Chester  shales  and  limestones.  The  Reelsville  limestone,  which 
forma  a  persistent  layer  of  from  four  to  ten  feet  in  thickncsp,  contains  in  all 
places  enough  pyrite  so  that  when  it  is  weathered  the  color  of  the  stone  is 
changed  to  a  maty  iron-yellow  color.  Thwe  is  no  reason  to  doabt  that  in 
places  it  contains  pyrite  of  commercial  value.  The  line  of  outcrop  of  this 
limestone  extends  from  Reelsville,  in  Putnam  County,  in  a  generally  south- 
ward direction  to  IJie  Ohio  Biver. 

Penniaylvamkt  PjfrUt.  Both  the  Pottaville  and  the  AOegfaeny  divisions  of 

the  Pcnnsj'lvanian  in  Intliana  contain  pyrite.  There  are  lenses  and  nodular 
masses  of  pyrite  associated  with  the  Pottsville  shales  in  Monroe,  Martin,  Put- 
nam, Greene  and  other  eonnties. 

Amonp  the  Allepheny  coals,  \o.  Ill  contains  the  larpcst  amount  of  pyrite, 
the  recoverable  percentage  running  as  high  as  six  per  cent  of  the  tonnage 
mined,  which  does  not  include  the  larger  maases  of  pyrite  whidt  are  discarded 
in  the  mining  process,  which  may  bring  the  total  several  per  cent  hi>j:her. 
Samples  of  pyrite  collected  from  thi-  coal  ran^re  in  per  cent  of  sulphur  from 
42.27  to  46.07.  Coal  No.  Ill  is  mined  in  the  vicinity  of  Burnett,  Clinton, 
JaaonviHOt  Midland,  Stamiten,  Seelyville  and  other  polnta. 

Coal  No.  VI,  also  contains  pyrite  of  poof!  quality.  The  pyrite  occurs  in 
the  coal  and  also  in  the  shale  which  lies  above  the  coal.  Samples  of  the 
pyrite  contain  48.06  per  cent  oi  sulphvr.  This  bed  of  coal  is  mined  most 
caEtensively  in  SuIUTan  County.  Repreaaitative  mines  occur  aenr  CtM  and 
Shetbnm. 

Coal  No.  V  contains  psrrite  in  the  form  of  bands,  balls  and  lenses.  It 

extends  the  entire  length  of  the  Indiana  coal  field  and  is  mined  from  north  to 
south  in  Vigo,  Vermillion,  Sullivan,  Knox,  Daviess,  Pike,  Gibson,  Warrick  and 
Vanderburgh  counties.  About  sixty  per  cent  of  the  coal  mined  in  Indiana  comes 
from  tills  bed.  The  pyritiferous  layers  in  the  coal  may  run  as  high  as  three 
per  cent  of  the  coal.    The.«e  layers  are  usually  discarded  in  the  mine. 

Coal  beds  IV,  VII  and  VIII  contain  small  quantities  of  pyrite  but  no 
recofvemUe  amounts.  No.  IV  is  mined  extcnsivdy  bat  contains  little  pyrite, 
the  other  two  are  not  mined  extensively. 

Production.  Only  a  small  amount  of  pyrite  has  been  produced  in  Indiana. 
This  small  production  has  come  as  a  by-product  in  the  mining  of  coal.  The 
total  production  amounts  to  a  few  hundred  tons,  which  have  been  used  in 
producing  sulphuric  acid  for  the  treatment  of  fertilizers.  The  preater  part 
of  the  recovery  has  been  from  the  coal  as  it  passed  through  the  tipple  and 
twm  gob  or  culm  piles.  Factors  which  have  discouraged  production  in  the 
Indiana  coal  field  arc:  The  low  price  paid  for  the  pyrite  because  of  its  impuri- 
ties; the  lack  of  equipment  at  the  mine  for  washing  and  hauling  the  pyrite. 
The  only  form  of  deanin^  which  has  been  used  is  hand  work,  whidi  is  too 
eSQien.sive  to  be  profitable  at  the  usual  prices. 

With  the  installation  of  machinery  for  washinp:  and  handlinir  the  pyrite, 
and  fairly  stable  market  conditions  to  insure  steady  production  there  is 
reason  to  bdieve  that  pyrite  mii^t  beoome  a  valuaUe  by-product  in  the  min> 
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\ng  of  coal  in  Indiana.  It  is  estimated  that  200,000  or  250,000  tons  might 
be  recovered  each  year. 

I/ce».  The  pyrite  reeoveved  from  coal  ia  nsed  in  tiie  manufacture  of  sul- 
phuric acid.  Tht'  sulphuric  acid  obtained  from  pyrite  contained  in  coal  is  used 
largely  in  the  manufacture  of  fertilizers.  The  total  amount  of  sulphuric  acid 
naed  annually  In  tlie  United  States  for  thia  i^rpoae  la  2,400,000  tons,  whidi 
is  nearly  three  timaa  aa  much  aa  tiiat  used  for  all  other  pnrpoaes. 


Rocks  occurring  in  Indiana  which  may  be  used  for  road  materials  bdong 
to  the  three  ^at  divisions  of  roeks,  namdy,  sedimentaiy,  igneous  and 
metamorphic.    Tho  last  two  divisions  are  not  as  important  as  the  first  in 

Indiana,  occurring  only  in  the  glacial  drift. 

Iffiieom  KocLt.  No  outcrops  of  igneous  rock  occur  in  the  state,  and 
bed  roek  of  this  type  is  deeply  hnried  under  sedimentary  rodn.  tmly 
rocks  of  the  ipneous  type  found  in  the  state  are  in  the  glacial  debris  of  the 
drift-covered  portion  of  the  state.  The  igneottS  rock  is  in  the  form  of  boulders, 
which  have  been  transported  from  the  Crystalline  belt  of  rodcs'  lying  princi- 
pally north  of  our  national  boundary.  Several  kinds  of  igneous  rock  are 
represented  but  they  are  generally  classed  under  the  general  term  "granite," 
by  road  builders.  These  rocks,  when  unweathered,  as  they  often  occur  in  the 
later  drift,  are  very  .sci-viceablc  for  pavement  blocks.  They  also  are  desirable 
in  bottom  courses  of  macadam  roads,  but  lack  the  necessary  cementing  (luali- 
ties  for  top  omraea.  Tho  irregularity  and  often  altannated  conditiim  of  tiidr 
distribtttton  ptemnfs  their  wideq>read  use  for  road  matmials. 

Metamorphic  Rocks.  Metamorphic  rocks  are  derived  from  both  ipncoi:? 
and  sedimentary  rocks.  Boulders  of  gneiss  and  shist,  which  are  derived  from 
igneous  rocks,  are  found  in  the  glacial  drift  in  Indiana.  Gneiss  is  generally 
cl.isspfi  with  granite  a:>  a  road  building  material.  Shist  is  not  of  sufficient 
strength  to  be  valuable  road  materiaL  Slate  and  marble  both  occur  in  the 
drift,  but  not  in  sufficient  quantities  to  be  of  importance.  Quartzite  is  one  of 
the  most  abundant  and  the  most  important  metamorphic  rocks  for  road 
material  in  the  glacial  drift.  They  may  be  used  for  pavement  blocks  and  for 
lower  conraes,  but  lack  of  cementing  qualities  prevents  their  use  for  upper 
courses.  The  statements  made  with  reference  to  the  distribution  and  use  of 
igneous  rocks  apply  al.so  to  metamorphic  rocks  in  Indiana. 

Sedimtntary  Rocks.  These  furnish  the  main  source  of  the  road  building 
materials  in  Indiana.  These  materials  consist  of  sands,  gravels,  shales,  lime- 
stones, sandstones,  and  conglomerates.  The  ^reoloj^ical  formations  which  yield 
road  materials  include  all  the  divisions  represented  in  the  state  from  the 
Oidovidan  to  the  Secant  period. 


The  glacial  drift  covers  the  bed  rock  to  such  a  depth  in  the  large  part  of 
nortfiem  IncBana  that  the  bed  rock  is  not  exposed  even  by  the  larger  streams. 
In  this  region  the  only  road  material  available  consists  of  boulders,  sands 
and  gravels  from  the  glacial  drift  The  coarser  materials  of  the  drift  are 
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concentrated  in  the  placial  deposits  known  as  moraines,  drumlins,  and  eskers. 
Good  examples  of  morainic  hills  are  found  in  the  vicinity  of  Valparaiso,  South 
Bend,  Bristol,  OtteHwin,  Fowler  and  other  plaeoB.  Bslcers  ocevr  in  southern 
Tippecanoe,  in  Montgomery  and  in  Madison  counties.  The  best  known  esker  is 
the  Anderwn  esker,  which  lies  partly  in  the  city  of  Anderson  and  extends 
nortltwaTd  to  Grant  County.  The  distribution  of  the  glacial  gravels  is  indi- 
eated  on  the  accompanying  map. 

The  glacial  frravels  have  hovn  used  in  many  parts  of  the  glaciated  area 
in  the  building  of  gravel-surfaced  roads.  Clean  glacial  gravels  are  not  suit- 
able for  top  conrBes  as  they  lack  cemoitingr  propertieB.  In  some  places  they 
contain  suffiriont  clay  foi-  bonding  purposes  or,  perhaps,  oxide  of  iron.  If 
pebbles  of  limestone  ure  present,  and  these  are  placed  in  the  top  courses,  they 
will  be  pulveriaed  by  the  traffle  and  may  form  tiie  proper  bond  for  the  garni. 
The  boulders  and  coarser  gravel?;  may  be  used  for  the  lower  coursee  of  ma> 
cadam  roads,  for  which  no  more  durable  material  can  be  obtained. 

In  flie  teildinsr  of  eoncrete  roads  or  of  brick-sarfaeed  roads,  with  a  eon* 
Crete  base,  the  glacial  gravels  are  very  valuable.  When  used  for  this  purpose 
the  gravel  should  be  free  from  clay  and  other  materials,  except  clean  sand. 

Glacial  sands  may  be  used  in  the  boildins  of  sand-clay  roads.  If  the 
sand  does  not  contain  enough  clay  or  oxide  of  iron  for  bonding  the  cUqr  must 
be  added.    Sand-clay  roads,  if  well  cared  for,  are  very  satisfactory. 

Fluviatile  Sands  and  Gravels.  During  the  period  of  glaciation  in  Indiana 
large  quantities  of  sand  and  gravel  were  carried  from  the  glaciated  region  by 
the  waters  of  ihe  mdting  leaders  and  concentrated  in  stream  valleys,  many  of 
which  were  almost  eaooqpletety  filled.  Such  fluviatile  deposits  lie  not  only  within 
the  glaciated  area,  but  extend  beyond  it  into  the  non-glaciated  portion  of  ^e 
.=tatr.  The  sands  and  piavcls  of  such  deposits  fomi  useful  materials  in  the 
construction  of  roads.  Fluviatile  deposits  occur  along  the  valleys  of  the 
Wabash  River,  the  White  River  and  other  streams  passing  throu^  the  glaci- 


Kcsulual  GravclH  of  Ui«  Non-glaciated  Area,  A  portion  of  the  State  of 
Indiana  lying  south  of  the  northern  boundary  of  Monroe  County  was  not 

covei-cd  with  placial  ice  and  its  topography  unafTerlcd  by  >rlacial  erosion. 
The  weathering  of  the  durolith  of  this  area  produced  gravels  of  the  more 
resistant  portJons  of  the  rodcs,   The  Knobstone  shales  and  sandstones  yield 

gravels  produced  from  sandstone,  silicious  and  fr-nuKinous  concretions.  They 
have  been  used  for  the  building  of  roads  in  the  area  of  outcrop  of  that  forma- 
tion. 

The  Harrodsbnrg  limestone  contains  ailidous  geodes  wfaidi,  in  some  plaeas. 
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contribute  beds  of  gravel  which  may  be  used  in  road  oonstructian,  but  their 
use  for  this  purpose  is  extremely  limited. 

The  Mitchell  limestone  contains  chert  which  adds  to  the  residaal  gravels 
of  iU  area  of  outcrop.  The  Chester  shales  contrihate  ooncretioiis,  the  lime- 
stones, chert  and  the  sandstone.-!,  concretions. 

The  Mansfield  sandstone  yields  beds  of  gravel.  Added  to  these  are  some 
beds  oi  grayd  of  i^robable  Pliocene  age. 

Durolith  Road  Materials. 

The  durolith  or  bed  rock  of  Indiana  is  used  principally  in  road  constme- 
tion,  for  the  manufacture  of  cruj>hed  stone,  for  macadam  and  concrete. 

The  Boek»  of  the  Ordovieiun,  Silniifin,  Devonianr  Miatieeippian  and 

Pennsylvit  tiiu  n. 

Ordovicmn  Rocks.  The  Cincinnatian  division  of  the  Ordovician  is  repre- 
sented in  southeastern  Indiana  by  the  outcrop  of  u  series  of  shales  and  lime- 
<tnnf'>.  The  limestones  are  thin  bedded,  varyinc  in  thickness  from  two  to 
ten  inches.  They  are  hard  and  of  a  bluish-gray  color.  These  rocks  are  expo.sed 
along  the  stream  courses  where  the  glacial  drift  has  been  removed  in  Decatur, 
Dearborn,  Ohio,  Switzerland  and  the  eastern  part  of  Jefferson,  Fayette,  Frank- 
lin, Ripley,  Union,  and  Wayne  counties.  These  limestones  have  been  used  in 
the  manufacture  of  erashed  stone  for  macadam  in  several  of  the  eounties 
mentioned. 

The  chemical  composition  of  samples  of  the  Ordovician  limestones  is  re- 
eorded  in  the  following  table:" 

CompoettioD  of  Ordovician  Limestones. 


Constituent  .                                     No.  1  No.  2  No.  8  No.  4  No.  5 

Alumina  (Al/J,)  80  .TO  .73  .33  .35 

Iran  oxide  (Fe/),)  51  .25  .35  .25  .51 

Ume  (CaO)                                           58.65  52.»  58.15  54.50  56.00 

Magnesia  (MgO)  50  .50  .68  tr.  tr.  - 

Pboaphorie  aeid  10  3S  .62  .54 

Insohible  in  HCI                                    5.03  5  l.-i  2  i»2  2  2S  2  15 

Loss  on  iffiitioa                                    40.69  40.36  41.90  42.14  41.33 


Total   100.28    08.52    90.06  100.12  90.88 


1.  J<din  Wiesaiian,  Wdsburg,  Dearborn  Covntr. 

2.  Thomas  Croxton,  Dillsboro,  Dearborn  County. 

3.  Henry  Sliroeder,  Randolph  Township,  Ohio  County. 

4.  Samvd  Locke,  Vevay,  Switzerland  County. 

Analyses  by  Bureau  of  Public  Roads,  Washington,  D.  C.  Thirdetit  Anmwl 
Report  Indiann  Geological  Survey. 

The  physical  analyses  of  .samples  of  these  limestones,  as  made  by  the 
Bureau,  are  given  be-low.  No.  G  is  the  average  of  192  samples  of  limestone 
taken  as  a  standard  for  comparison.  No.  5  is  from  the  land  of  AJbert  Stein, 
Riehnond,  Wayno  County.  The  other  samples  are  as  indicated  above. 
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Physieal  Analjrecs  of  Ordoviciun  Limei^tones. 


No.1 

No.  2 

No.  3 

No.  4 

No.  5 

No.  6 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

Weight  pMT  Cb.  F».  in  ttw  

. .  168.4 

1(».4 

188.4 

168.4 

168.4 

165.7 

.62 

.78 

.46 

.57 

.89 

1  39 

4.68 

4.8 

6.5 

5.4 

4.6 

6.70 

8.3 

8.3 

7.8 

7.6 

8.9 

8.7 

2.6 

9.8 

4.7 

4 

9.6 

3  4 

8 

7 

9 

8 

6 

11.0 

. .  44.0. 

87 

16 

26 

15 

82.0 

59 

100 

98 

40 

28 

59 

No.  1.  "Below  the  averajre  in  hardness  and  toughness  for  limestone,  and 
about  the  average  in  resistance  to  wear,  with  good  cementing  value.  Excel- 
lent for  higfaway  and  eoiuiiry  road  trafRe.** 

No.  2.  "A  rather  hard  limestone,  somewhat  low  in  toughness;  average 
resistance  to  wear  and  excellent  cementing  value.  Should  give  excellent  results 
undsr  lif gliway  and  eonntry  road  trafBc." 

No.  3.  "A  soft  limcptone  of  average  toughness,  with  a  low  resistance  to 
wear,  but  with  a  good  cementing  value.  Suitable  for  light  traffic  or  as  a 
binder  in  eonneetion  with  barder  material 

No.  4.  **8indiWhat  above  the  average  in  hardness  for  limestone,  hut  be- 
low in  toughness  and  resistance  to  wear;  cementing  value  good.  Best  suited 
for  light  highway  and  country  road  traffic" 

Sihtrian,  lAmetiUmM.  The  Silurian  limestones  <rf  Indiana  vary  mucli  in 
phy.sical  and  chemical  composition.  The  color  ranges  from  nearly  white  to 
blue.  In  some  places  it  is  composed  of  massive  hard  layers,  in  other  places  it 
ia  flhaly  and  -very  eoft  As  may  be  seen  by  consnlting  tiie  area!  geological 
map  accompanying  this  report,  the  Silurian  limestones  are  more  widespread 
than  the  Ordovician,  and  occupy  a  large  area  in  the  northern  and  eastern 
I»art  of  Indiana.  In  the  northern  part  of  its  area  it  is  deeply  buried  tinder 
glacial  drift,  except  for  outcrops  alontr  some  of  tho  stream  courses.  Such 
outcrops  occur  at  Blulfton,  Delphi,  Huntington,  Kentland,  Logan^rt,  MonoUt 
Portland,  Wabash,  Wanma  and  otiier  places.  In  the  southern  pcnrUeQ  of  tin 
area  in  Decatur,  Ripley,  Jennings,  Jefferson  and  Clark  countisi,  wlmca  tiw 
glacial  drift  is  thin,  outcrops  are  more  aboundant.  The  Silurian  limestones 
have  been  used  in  many  places  in  the  manufacture  of  crushed  stone  for 
macadam  and  concrete.  Its  chemical  and  physical  properties  are  revealed  in 
the  following  tables,  which  include  the  chemical  analyses  and  the  physical  tests 
of  a  large  number  of  samples." 

Composition  of  Silurian  Limestones. 


No.l  No.  2  No.  3  No.  4  No.  6  No.fi  No.  7 

Alumina  (AI.O,i  68  1.14  .60  1.60  .76  .26  1.10 

Iron  oxide  (FcjO,)                 .61  tr.  tr.  .26   24   

Lime(CaO)                      49.66  52.00  49.78  44.86  48.65  53.10  41.10 

Magnesia  ai    >)                   3.46  2.30  2.96  7.3A  3.49  .61  3.48 

Phosphoric  acid  (P/)s)...       .28  .16   10   

Iasot.iDHC'..                    e.2«  1.77  4.27  2.96  5.18  4.00  18.66 

Lossonignitiai                 39.38  42.40  42.17  48.21  41.64  41.66  36.00 


Total   09.93    99.77    99.77   100.10    99.76    99.85  100.33 
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No.  1.  George  Hotchldsa,  Soopville,  Switseiland  Connty. 

No.  2.  Richard  Johnson,  North  Madison,  Jefferson  County. 

No.  3.  Greensburg  Limestone  Company,  Decatur  County. 

No.  4.  Big  Four  Stone  Company,  New  Fointr  Deeatar  County. 

No.  5.  Golf  Quarry,  Kentkmd,  Newton  County. 

No.  ().  Casparis  Stone  Company,  Lof^ansport,  Cass  County. 

No.  7.  Wabash  Stone  Company,  Wabash,  Wabash  County. 

The  results  of  the  pliysieal  tests  on  these  and  other  samples,  as  made  by 
the  United  States  Bureau  of  Public  Roads,  are  given  in  the  following  tabic, 
which  is  taken  from  the  Thirtieth  Annual  Report  of  the  Indiana  Geological 
Survey.* 
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DrvDnian  Livicitloiies.  Three  divisions  of  the  ncvonian  limestones  of  Indi- 
ana arc  recognized:  the  Je£FersonviUe,  the  Silver  Creek  and  the  Sellersburg,  all 
((eofrraphical  names  of  southern  Indiana,  where  the  best  exposures  of  Devonian 
strata  occur.  The  Silver  Creek  is  ah  hydraulic  limestone,  used  in  the  manu- 
facture of  natural  cement,  but  containing^  too  much  clay  and  not  sufficiently 
indurated  for  good  road  metal.  The  JcfTeraonville  is  a  bluish  to  ^ay  lime- 
stem^  fairty  well  indnrated  and  useful  as  bnildinK  stone  and  road  metal,  it 
occurs  in  massive  layers  and  also  in  thin  layers.  It  ranges  in  thickness  from 
fifteen  to  fifty  feet.  In  many  exposures  the  Silver  Creek  limestone,  and  in 
many  places  tiie  Sellnsbarff  also  forms  the  overbuden,  uliidi  nrast  be  removed 
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in  order  to  quarry  the  Jeffersonville.  The  Sellersburg  is  a  white  or  gray 
erineidal  limestone  whidi  is  serviceable  as  road  metaL  It  lies  above  the 
Silver  Creek  limestone,  and  the  New  Albany  shale  forms  the  overburden  in 
many  of  its  exposures.  Its  thickness  ranges  from  a  few  to  about  twelve  feet. 

The  Devonian  Umestones  are  best  exposed  in  sontheastem  Indiana,  where 
the  glacial  drift  is  thin.  A  few  outcrops  occur  in  the  northern  part  in  Carrotl, 
Miami  and  White  counties,  near  the  Wabash  and  Tippecanoe  rivers. 

The  diemied  and  physical  properties  of  the  Devonian  limestones  are 
Sivea  by  tiie  Bnreatt  of  Pnblie  Roads  in  the  followlns  tables:" 

Compoeition  of  Devooian  Limestones.  ^ 


No.  1 

No.  2 

No.  3 

No.  4 

No.  6 

Alniniiia  '  W  -.O  .)   

  .59 

1  10 

.18 

11 

.7(1 

 61 

.23 

.25 

.24 

tr. 

Lime  (CaO)  

  ao.oo 

31.60 

47.80 

46.36 

34.90 

Magneaia  (Mk<))  

  I'.t  1.-, 

\r>  18 

3.44 

6.07 

17.00 

.25 

.52 

  5.13 

7.8g 

0.40 

5.00 

1.78 

  44.87 

42.76 

41.04 

42.71 

46.80 

Total  

  90.76 

90.60 

99.68 

100.38 

100.34 

No.« 

No.  7 

No.  8 

No.  9 

No.  10 

.11 

.71 

.70 

.25 

Iron  uxide  (FeiOj) 

  tr. 

51 

25 

25 

25 

Lime  (CaO)    

  65.70 

52.70 

53.35 

44.85 

53.45 

MiiKiicsiii  1  .MrO)  

 2S 

.61 

.28 

6.43 

.80 

Phosphoric  ;i<  id  {F,0»)  

I  OS 

.54 

25 

3.51 

2.65 

7.39 

3.22 

  48.82 

41.66 

42.10 

40.86 

41.96 

lUO.lO 

U9.82 

99.72 

99.95 
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No.  1.  Stephen  Lewis,  Hanover,  Jefferson  County. 

No.  2.  David  Robertson,  Deputy,  Jefferson  County. 

No.  8.  Willittn  S.  Baker,  Speneer  Tomuhiii,  Janniiigi  Cranty. 

No.  4.  I.  B.  Steams,  Sand  Creek  Township,  Jennings  Comitjr. 

No.  5.  L.  C.  Bunker,  Greensburg,  Decatur  County. 

No.  6.  Lewis  Soknoon,  Hope,  Bartholomew  County. 

No.  7.  D.  M.  Walker,  Bu  rnsville,  Bartholomew  County. 

No.  8.  M.  A.  Rainey,  Grammar,  Bartholomew  County. 

No.  9.  W.  E.  Englirii,  Lexington  Townriiip,  Seott  County. 

No.  10.  Qnany  near  Charlestown,  Clark  Countjr. 


PHYSICAL  TB8T8  OF  DEVONIAN  UllBSTONBS. 


Ouon  or  Bftwu 


I^wis  Solomon.  Hr>pi'.  Bnrtliolomfw 
Count  V 

D.  M.  Wnlkcr.  Burtwvillc.  Uattholo- 

niew  County   

it.  A.  Uoiney.  Gnunmer,  Bartholo- 

mew  CooBty  
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rk 


mnty  — 
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CI",    (^uany,   Chvleatoim,  CUrl 
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Mi»sissippian  Limeatonea.  The  Mississippian  strata  of  Indiana  contain 
some  of  the  best  limestones  of  tiie  State  for  roaid  metal.  The  Harrodstmrir.  the 

Salem,  the  Mitchell,  the  Beavei  Bend,  the  Recl.sville,  the  Beech  Creek,  the  Gol- 
conda  and  the  Glen  Dean  are  all  limestones  of  the  Mississipian  period  <x:cur- 
ring  in  Indiana.  Nearly  all  of  tiieae  are  soitabla  for  tlia  Buunnfaettire  of 
crushed  stone  to  be  used  in  macadam  and  coneratfe 

Hn.rrofhburr;  Limestone.  Thi.^  limestone  rests  upon  the  Knobstone  and 
underlies  the  Salem.  It  is  a  thin  and  somewhat  irregularly  bedded  limestone, 
containing  many  fossils,  particularly  erinoids.  It  attains  a  thickness  of  ninety 
feet  in  the  central  part  nf  the  area  of  it.';  outcrop  and  thins  rapidly  northward. 
The  extent  of  its  outcrop  is  indicated  on  the  areal  geological  map  accompanying 
this  report  It  has  been  quarried  most  extensively  in  Putnam,  Owen,  Monro«» 
Lawrence  and  Washington  counties. 

The  chemical  and  physical  properties  of  the  Harrod.-^hurp  limestone  are  set 
forth  in  the  following  tables.  United  States  iiureuu  of  Public  Uoads,  reference 
aaabovob* 
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Composition  of  Harrodsburjr  Limestone. 

No.  1  No.  2 

Alumina  and  iron  oxide  ( AUO.+FeiO,)                                   0.65  0.63 

Lime  (CaO)                                                                        52.95  50.50 

Mafoiesia  (MffO)   20  2.50 

Phcsphoric  acid  (P,0,)    .32 

Insoluble  in  HCl                                                                   3.76  4.53 

Loss  on  ignition                                                                42.04  41.65 


Total    99.60  100.13 

No.  1.    Upper  Hari-odsburs:  limestone,  Indiana  University,  Monroe  County. 
No.  2.    Lower  Harrodsburjr  limestone.  North  Pike  quarr>',  Monroe  County. 


PtoU;  CLV.    A  irravel  pit  in  the  Muiii<nrl<j,  from  which  irrBvel  is  being  taken  for  ttmd  surfaclnK- 


Physical  Tests  of  No.  1. 


Specific  gravity    2.7 

Weight  per  cu.  ft.,  lbs  168.4 

Water  absorbed  per  cu.  ft.,  Iba.  3,32 

Per  cent  of  wear   10.60 

French  coefficient  of  wear   3.8 


Hardness   14.5 

Toughne-s.s    6. 

Cementing  value,  dry   19. 

Cementing  value,  W6t  49. 


"A  very  soft  limestone,  low  in  toughne.ss,  with  vei-y  low  re.'^istance  to  wear. 
Develops  good  cementing  value.   Best  suited  for  country  road  traffic." 
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Physical  Tests  of  No,  2. 


Specific  gravity   2.6 

Weight  per  cu.  ft.,  lbs  165.3 

Water  aheoifaed  cn.  ft,  Iba.  

Per  cent  of  wear   6.3 

French  coefficient  of  wear   7.5 


Hardness    3. 

Toughness   7. 

Cnnenting  value,  dry  23. 

Cementiiig  value,  wet  62. 


"A  soft  and  brittle  limestone,  with  rather  low  resistance  to  wear,  but  good 
cementing  value.  Best  raited  for  highway  and  coontry  road  traffle." 

Salem  lAmeatone  (Indiana  Oolitic) .    This  limestone  is  one  of  ike  best 

known  buildinp:  materials  of  the  United  States  and  occupies  an  enviable  posi- 
tion among  structural  materials.  It  is  a  soft  stone  with  poor  wearing  qualities 
and  is  not  desiraMe  for  road  Iniilding,  save  where  traffic  is  of  ^e  Kghtest  The 

wa.'ito  from  the  quarries  could  be  used  with  economy  on  .«uch  roads.  The  jjlanei 
dust  from  the  mills  can  he  used  for  top  dressing  and  conenting  material  for 
harder  stone. 

The  nearness  of  the  harder  Harrodsbur^  and  the  still  harder  and  more 
desirable  Mitchell  limestone  render  the  use  of  the  Salem  for  road  metal  un- 

necesciiiiy. 

Composition  of  Salem  Limestone  fmn  Hunter  Valley  Quarries,  Monroe  County. 


Alumina  (AUG,)    tr. 

Lime  (CaO)    56.10 

Magnesia  (MgO)    tr. 


In.soluble  in  HCl    1.12 

Loss  on  ignition   42. &0 


Total   99.72 

Borean  Public  Roads.  Reference  as  above.** 

Physical  Test«  of  Hunter  Valley  Sample. 


Specific  pravity    2,4 

Weight  per  cu.  ft.,  lbs  149.7 

Water  abiwrbed  per  cv.  ft,  Iba.  4.44 

Per  cent  of  wear  ,  10.8 

French  coeHicient  of  wear   3.7 


Hardness    4.75 

Toughness    4. 

Cementing  value,  dry   18. 

Cementing  valne,  wet  68. 


"A  very  soft  limestone,  very  low  in  toughness  and  resistance  to  wear, 
devaloiHBg  a  good  cementing  value.  Best  suited  for  country  road  traffic.** 

Physical  Tests  of  Salem  from  Edwardsville,  Floyd  County. 


SpecMc  gravity   2.65 

Weight  per  cu,  ft,  lbs  1C5. 

Water  absorbed  per  cu.  ft,,  lbs.  1.32 

Per  cent  of  wear   4.4 

French  coefficient  of  wear   9. 


Hardness    4.6 

Toughness    9. 

Cementing  value,  dry   25, 

Cementing  value,  wet .........  114 . 


*'A  soft  bat  fairly  tough  Umestone,  with  a  rather  low  resistance  to  wear, 

which  devclop.s  an  excellent  cementing  value.  Suitable  for  all  bnt  very  heavy 
traffic  and  as  a  binding  material." 

Mitchell  Limestone.  This  limestone  is  one  of  the  best  limestones  of  Indiana 
for  macadam  purposes.  It  is  a  hard,  tough  limestone,  having  good  cementing 

qualities.  It  is  fonned  of  compact,  massive  layer.?  of  dark  blue  to  gray  lime- 
stone, the  upper  layers  of  which  contain  chert.   Quarries  and  crushing  plants 
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are  located  in  Putnam,  Owen,  Monroe,  Lawrence,  Oran{^,  Crawford  and  other 
counties  which  prepare  Mitchell  limestone  for  concrete,  Duicadam,  ballast  and 
other  purposes.  The  distribntion  of  the  Mitehdl  limeoUme  is  osdiibited  on  the 
accompanying  iroolofncal  mail.  The  diemieal  and  physical  pn^rties  an  given 
in  the  following  tables:* 

Composition  of  Mitchell  Limestone. 

No.  1  I  No.  2    No.  3     Xo.  4 
Alumina  (AliO,).  .\  ^ 

Liiuf  i(  'a<)>   53.50 

Maffnesia  (ifgO)  

?'li"-pli.>ric  acid  (PgOli)  

In-soluble  in  IlCl                             2.77  .85    30.43  9.49 

Urns  on  ignitioo                          43.00  43.31    31.38  39.01 


tr. 

55.25 
tr. 
.54 
.85 

43.31 


1  .50 

29.70 
7.00 
.10 
30.43 
31.38 


.85 

50.25 
tr. 


No.  o 


55.00 
tr. 
tr. 
1.84 
43.09 


No.  6 

,■)<) 

47.00 
8.20 

5.44 
42.08 


Total 
No.  1. 
No.  2. 
No.  3. 
No.  4. 
No.  ft. 
No.  6. 


99.91    100.20   100.03  100.20 


  100  07  99.95 

J.  I).  Torr  quarry,  Putnam  County. 
McGaughey  quarry,  Putnam  County. 
Quarr>'  Northwest  of  Spencer,  Owen  County. 
Spencer  Stone  Company  quarry.  Spencer,  Owen  County. 
Upper  Mitchell,  Blair  quarry,  Bloomington,  Monroe  County. 
Lower  Mitdiell,  Rdbinson  qoarry,  Bloonington,  Monroe  Comi^. 

The  above  nnaly.«e.s  and  the  physical  te.st.s  jriven  in  the  following  table  were 
furnished  by  the  United  States  Bureau  of  Public  Roads  and  published  in  the 
Thirtieth  Annuel  Report  of  the  Geologleal  Survey  of  Indiana: 

PHY.SK  AI.  TluSTS  OF  MJTCHKI.I.  I.IMK.STONE. 


Dkiuin  uv  Samiu 

lipecific  Gruvjly 

a 

Water  Abaorbod, 
perCu.  Kt..lb*. 

8 

's 

"8 
I 
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> 
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i 
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9 

20 

45 

Jan.  Blair,  RliKirninKUxi,  .MonroeCoanly 

3  6 

165 

2 
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3 
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13 

30 
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14 
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Chesti  r  Li»irstt>iu:<.  The  Chester  division  of  the  Mississippian  contains  a 
number  of  limestones  of  good  quality  for  road  metal.  Many  of  these  have  been 
nsed  loeaUy  for  road  bnildinfr. 

The  Chester  limestones,  taken  in  order  from  the  lowemiost,  arc  the  Beaver 
Bend,  about  twelve  feet  thick;  the  Reelsville  about  five  feet  thick;  the  Beech 
Credc  abont  fourteen  feet  thidc;  the  Gokooda  about  twenty  feet  tiiiek,  and  the 
Glen  Dean  about  ten  feet  thick.  These  limeotonce  are  eqwrated  by  beds  of 
shale  or  sandstones. 

These  limestones  are  composed  largely  of  calcium  and  magnesium  carbo- 
nates, with  minute  quantities  of  iron  oxide,  alumina  and  silicia.  The  outcrop 
of  the  Chester  is  indicated  on  the  geological  mi^  aeeompanying  this  wfiorL 


Composition  of  Chester  Limestones.* 


No.  1 

No.  2 

 25 

1.30 

 76 

.75 

61.80 

2.10 

2.74 

41.86 

Total    on.ia  100.20 

No.  1  is  from  a  .sample  of  Chester  limestone  from  the  lanil  of  Geor^'e  Cox, 
near  the  crossing  of  the  Indianapolis  and  Southern  Railway  and  Richland 
Creek,  near  Bloomfidd,  Greene  County. 

No.  2  is  from  a  sample  of  Chester  {Reech  Creek)  limestone  from  the  land 
of  John  Scott,  three  miles  southwest  of  Dover  Hill,  in  Martin  County. 

Physical  Tests  of  Chester  Limestones.* 


No.  1  No.  2 

Spedflc  gravity                                                               2.7  2.6 

Weight  per  cubic  foot  (lbs.)  168.4  162.8 

Water  absorbed  per  cubic  feet  (lbs.)                                          1.16  2. 

Per  cent  of  wear                                                                3.  3.2 

French  coefficient  of  wear                                               18.2  12.4 

Hardness  18,  9. 

Toughness   10.  9. 

Cemoiting  value,  dry                                                  21.  18. 

Cementing  value,  wet.                                              66.  67. 


No.  1.  "A  very  hard  and  fairly  tough  limestone,  with  good  resistance  tO 
wear  and  cementing  value.    Suitable  for  .'iuburban  and  highway  traffic." 

No.  2.  "A  rock  of  fair  hardness,  toughness  and  resistance  to  wear  and 
good  eementing  value.  Suited  to  suburban  and  highway  traffic." 

These  samples  were  tested  by  the  United  States  Bureau  of  Public  Roads, 
and  the  results  published  as  above  in  the  Thirtieth  Annual  Report  of  the 
Geological  Survey  of  Indiana. 

Pgmisylvanian  ZAnustones.  Thin  beds  <^  limestone  are  intnstntMed  with 
the  sandstones,  shales  and  coals  of  the  Pernisyhranian  in  Indiana.  These  lime- 
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atiHMfl  an  bdng  used  to  a  limited  extent  as  a  source  of  road  metal.  The  beds 

are  never  veiy  thick,  rarely  exceeding  five  feet  and  more  often  carrying  an 
over-burden  than  not.  The  limestones  are  generally  impure,  carrying  con- 
siderable  day  and  quartz  sand. 

Composition  of  Fenn.sylvanian  Limestones. 


No.  1 

No.  2 

No.  8 

  1.86 

2.45 

1.90 

.50 

.50 

9.60 

45.40 

2.71 

tr. 

.Ifi 

tr. 

  8.75 

72.06 

15.32 

  40.47 

12.14 

36.93 

99.61 

100.05 

No.  1.    Kurtz  heirs,  Princeton,  Gibson  County. 
No.  2.   L.  George,  Petersburg,  Pike  County. 
No.  8.  Lovia  Meyer,  Boonville,  Warrick  County. 


Physical  Tests  of  Pennsylvanian  Limestones. 


Origin  Sample 

Specific  Gravity 

3 

i.  « 
T  £ 

s: 

'  Water  Absorbed 
perCu.Ft.  (lbs.) 

Per  Cent  of  Wear  • 

French  Coefficient 
of  Wear 

g 
•2 

X 

K 

J§ 
tc 

§ 

H 

Cement  Val.— dry 

j  Cement  Val. — wetjj 

Kurts  Heirs,  Prinee* 

ton,  (iilison  County 

2.7 

168 

1.13 

24 

101 

L.  George,  Petersburg, 

Pilie  Cknmty  

2.76 

172 

.81 

4  9 

8.1 

22.5 

9 

24 

71 

Lfiiiis    Meyer,  Boon- 

ville,  Warrick  Co. . . . 

2.7 

168.4 

.97 

3.3 

12.3 

14 

11 

15 

128 

C.  8.  Lambseher, 

Evansville.  Vander- 

iMirgh  County  

2.7 

168 

1.38 

4 

10 

11 

8 

17 

52 

W.  M.  Williams,  Mt. 

Vernon,  Posey  Co  

2.7 

168 

.82 

1.8 

21.7 

9.8 

8 

43 

56 

Wyatt  U.  WiUiams. 

Mt.  Vernon,  Poeey 

2.7 

168 

1.67 

3.5 

11.3 

11.5 

15 

22 

106 

Tests  by  Bureau  of  Public  Beads,  reference  as  above. 


Sandstones  for  Boad  Metal. 
Sandstones  occur  In  the  Mississlppian  and  in  the  Penns]^vanian  systems  of 
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Indiana,  which  may  serve  at  least  a  local  use  as  road  building  material.  The 
most  valuable  of  audi  materials  are  to  be  found  in  fhe  latter  a^teadu 

Tlir  Knobsione  Snndstnnes.  This  foiTnation  is  largely  composed  of  shales, 
but  there  are  layers  of  sandstone  at  many  horizons.  Some  of  th«M  sandstones 
are  soft  and  poorly  oonaited.  These  dinntesrate  readily  under  even  Bf^t 
traffic,  and  there  i.s  not  MiOURh  cementing  material  to  bind  the  sand  grains 
formed.  Other  ledges,  however,  exhibit  a  certain  deprree  of  induration  being 
cemented  with  iron  oxide.  Such  sandstones  form  a  fair  quality  of  road  metal, 
and  are  used  to  a  limited  extent 

Chester  Snndstonen.  The  Chester  division  of  the  Mississippian  system  in 
Indiana  contains  a  large  number  of  sandstones.  These  include  the  Sample, 
the  ^foandjr  Sun,  tiie  El  wren,  the  Cypress,  the  Hardinsburg  and  the  Tar 
Springs.    These  sandstones  are  not  as  a  rule  sufficiently  indurated  to  be 

useful  as  road  metal.  They  are  fine-grained  and  when  they  disintegrate  they 
form  beds  of  fine  sand.  These  sands  may  be  utilized  in  the  building  of  sand 
elay  roads. 

Petinnplrayiitm  SancUitoiu  •.  A  andstone,  the  Mansfield,  belonpinp:  to  the 
Pottsville  division  of  the  Pennsylvanian  system  in  Indiana,  supplies  an  impor- 
tant road  bnOdlng  material.  The  If  ansiield  Is  wmally  a  eoarae  grained  sand- 
stone not  very  well  indurated,  but  in  some  places  it  is  cemented  with  oxide  of 
iron  into  hard  ledges.  These  ledges  furnish  suitable  road  metal.  But  the  best 
material  is  supplied  by  the  gravelly  or  conglomerate  layers  of  the  Mansfield. 
The  gravel  .surface  roads  formed  by  the  use  of  the  Mansfidd  are  among  the 
Wo>t  durable  roads  in  the  State. 

Sandstones  also  occur  in  the  Allegheny  division  of  the  Pennsylvanian. 
These  are  for  the  most  part  fine  grained  and  only  moderately  cemented.  Some 
of  them  arc  suitable  for  roads  where  the  traffic  is  Ufl^t  and  some  of  them  are 
being  used  for  such  roads. 

CHAPTER  XIII. 

SANDS— BUILDING,  FOUNDRY,  GLASS. 
Foundry  Sakdb. 

Foundry  sand  is  used  for  making  molds  in  which  metals  are  cast  and  for 
making  the  coi-cs  which  fill  the  hollow  spaces  in  the  castings.  The  sands  used 
for  these  two  pni'puciies  differ  in  texture.  The  core  sands  are  coarse,  fhe  sands 
used  for  the  mold  are  finer  and  more  loamy.  Sands  of  fine  grain  are  selected 
for  making  molds  for  small  castings  and  coarse  sands  for  the  molds  of  large 
castings.  The  molds  are  irften  faeed  with  graphite,  lAudk  is  highly  refraetory. 
Core  sands  necessarily  contain  Utile  day  and  nqiiiira  an  artifldal  binder. 

Essential  Prnperfxcft.  The  essential  properties  o£  a  molding  sand  include 
cohesiveness,  refractoriness,  texture,  porosity  and  duraUUty.  In  order  that  the 
molds  may  be  formed  the  grains  must  cohere,  and  the  coherence  is  prodveed 
by  the  clay  present.  The  sand  must  be  refractory  enough  to  withstand  the  high 
temperature  of  the  molten  metal  in  order  to  prevent  fusion  of  the  mold  or  pene- 
tration and  union  with  the  metal.  Its  texture  must  be  adapted  to  fhe  purpose 
for  wliirh  he  sand  is  intended.  Porosity  is  essential,  so  that  the  gases  from  the 
metal  may  permeate  the  sand  of  the  mold  and  escape,  for  if  confined  they 
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would  produce  flawi  in  the  metal.  The  sand  must  have  durability  so  that  it 
may  be  used  more  than  once. 

Chemieal  Composition.  The  chemical  analyses  of  a  larg:e  number  of  mold- 
ing sands  show  that  the  silica  content  ranges  from  58  to  87  per  cent  alumina 
txta.  S  to  16  per  cent;  ferrie  eacide  from  .80  to  8  per  cent;  Ume  from  a  trace  to 
11  per  cent;  magnesia  from  0  to  €  per  ooit,  and  alkalies  from  0  to  3  per  cent. 

Meekanieal  Composition,  The  mechanical  analysis,  which  consists  of  sepa- 
rating the  particles  of  the  sand  into  various  sizes,  shows  that  in  a  large  number 
of  molding  sands  from  .04  to  42  per  cent  of  the  particles  were  retained  on  a 
sieve  having  20  meshes  to  the  inch;  from  .06  to  in  per  cent  on  a  100  mesh 
sieve;  from  2.6  to  88  per  cent  on  a  200  mesh  sieve,  and  that  from  1.06  to  42 
per  cent  pass  the  260  mesh  sieve,  or  are  classed  as  day  particles. 

Distribution.  Foundry  sands  are  widely  distributed  in  Indiana.  Holding 
sands  have  been  reported  from  thirty-six  counties  in  the  State,  but  only  about 
one-third  of  them  furnish  quantity  production.  The  following  counties  contain 
deposits  of  molding  sands:  Allen,  Fort  Wayne  and  New  Huven,  and  QSed  in 
Fort  Wayne;  Hartholomew,  near  Columbus  and  used  there;  Cass,  core  sand 
from  Lake  Cicott;  Clark,  near  New  Albany,  used  there;  Clay,  near  Brazil; 
Elkhart,  GodMn;  Grant,  Marlon;  Henry,  Newcastle;  Jackson,  Brownstown  and 
Sejrmour;  Jefferson,  near  Madison;  Knox,  Vincennes;;  Lapran^c,  Wolcottville; 
Lake,  East  Gary  and  Uanunond;  Laporte,  Michigan  City,  dune  sand,  core  sand; 
Marion,  Indianapolis;  Monroe,  Bloomington;  Morgan,  Coiterton,  Landersdale, 
Paragon;  Owen,  Gosport;  Porter,  Valparaiso;  St.  Joseph,  Mishuwaka  and 
South  Bend;  Spencer,  Richland  Junction  and  Rockport;  Starke,  North  Jud^ion; 
Steuben,  Pleasant  Lslm;  Tippecanoe,  Lafayette;  Vanderburi^,  Evansvifle; 
Vermillion,  Hillsdale,  and  Vigo,  Terre  Haute. 

Geological  Occurrence.  Foundry  sands  generally  belong  to  that  class  of 
materials  known  as  mantle  rock.  They  may  consist  largely  of  residual  mate- 
rials or  largely  of  transported  materials.  The  transportation  of  the  individual 
particles  may  be  accomplished  throuph  the  agency  of  ice,  water  or  wind,  of  any 
two  or  all.  The  core  sand  obtained  from  the  dune  area  of  Lake  Michigan  was 
first  transported  by  ice  and  later  by  winds.  The  molding  sands  of  the  glacial 
portion  of  the  State  are  probably  partly  glacial  in  origin  and  partly  residual. 
Practically  all  the  fonndiy  sands  in  Indiana  are  of  Pleistocene  or  Post-Pleisto- 
cene  age. 

Production.  In  1018  Indiana  used  lOO^Sl  tons  of  foundry  sand,  which  cost 

1310,478.  Only  .'i.'5,116  tons  of  a  value  of  $72,826  were  produced  in  the  States 
while  105,735  tons,  valued  at  $238,1.52,  were  supplied  from  outside  sources. 

Glass  Sand. 

The  principal  ingretlient  of  the  mixture  used  in  the  manufacture  of  f^aSS 
is  some  form  of  silica.  The  silica  may  be  derived  from  quartzose  sands,  sand« 
stones  or  quartsltes.  The  silica  used  in  i^ass  making  in  Indiana,  which  is  pro- 
duced within  the  State,  is  derived  from  quartzose  sands  and  sandstone.^. 

Essential  Properties.  One  of  the  essential  properties  of  a  sand  used  in 
the  manufacture  of  glass  is  size  of  grain.  In  order  that  the  sand  may  be  fiised 
without  burning,  the  majority  of  the  grains  should  not  pass  a  sieve  of  120 
meshes  to  the  inch.  In  order  to  fuse  properly  the  trrain^  of  sand  should  all  be 
small  enough  to  pass  a  20  mesh  sieve.  The  shape  of  the  giuin  is  probably  not 
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important.  Some  kUiss  makers  prefer  the  angular  or  sub-angular  in^Uns,  but 
experiments  tend  to  show  that  rour.d-Kiiiined  sands  may  be  used  as  successfully. 
In  selecting  a  sand  for  the  manufucture  of  glass  it  is  essential  that  both  the 
diemical  and  mechanical  properties  of  tiie  sand  be  taken  into  oonsideration. 

Chemical  Compositifm.  The  sand  naed  in  the  manufacture  of  glass  must 
of  necessity  have  a  high  silica  content,  and  it  rarely  falls  below  98  per  cent 
in  the  landa  vsed  for  glass  making  in  the  United  States.  The  impurities  found 
in  glass  sands  are  generally  compounds  of  calcium,  magnesium,  iron,  titanium, 
aluminium  and  organic  matter.  The  calcium  is  usually  in  the  form  of  the 
carbonate  and  is  not  detrimental,  since  ground  limestone  is  added  as  a  flux. 
The  small  amount  of  magnesia  is  not  detrimental.  Iron  oxide  when  present 
in  small  amounts,  even  colors  the  glass  green.  This  is  detrimental  only  in  the 
manufacture  of  clear  glass.  Arsenic  may  be  used  to  mask  the  iron,  or  a  part 
of  the  iron  nay  be  removed  from  the  sand  by  washing.  The  alumina  is  present 
in  clay  which  clouds  the  glass. 

One  of  the  purest  glass  sands  in  the  United  States  contains  M.45  per  cent 
of  silica,  .30  per  cent  of  alumina  and  .13  per  cent  of  lime.  One  of  the  best 
Indiana  glass  sands  contains  99.99  per  cent  of  silica,  .008  per  cent  of  alumina, 
only  a  trace  of  iron  oxide  and  no  Ume.  This  sand  is  from  Wolcott  in  White 
Comity. 

Afedbonteol  Composttton.  It  is  essential  that  glass  sands  should  be  com- 
posed of  quartz  grains,  which  are  neither  very  large  or  very  small.  If  the 
grains  are  large  they  do  not  fuse  readily;  if  they  are  small,  the  batch  may  bum. 
The  largest  grains  should  pass  a  20  merit  sieve  and  should  be  retaineii  on  a 
120  mesh  sieve.  One  of  the  best  gla.ss  sands  in  the  United  States  has  grains 
100  per  cent  of  which  pass  a  40  mesh  sieve,  92  per  cent  pass  a  €0  mesh  and 
only  25  per  cent  a  100  mesh  sieve.  Of  a  deaen  ^ass  sands  in  the  United  States 
on  the  average  99.5  per  cent  pass  a  20  mesh  siCTC,  M  per  cent  pass  a  40  mesh, 
29  per  cent  pass  a  GO  mesh  and  5  per  cent  pass  a  100  mesh  sieve. 

The  mineral  substances  used  in  the  manufacture  of  glass  vary  with  the 
kind  of  glass  and  the  use  it  is  to  serve.  Silica  is  the  major  constituent  of  all 
forms,  and  constitutes  from  60  to  7.'»  per  cent  of  the  mass  of  the  finished 
product.  In  addition  to  the  silica  some  substances  are  added  to  the  glass  mix- 
ture as  flaxes  to  increase  the  fusibility  of  the  silica.  Some  substances  are  added 
to  decrease  colorin^r.  others  to  produce  coloring  and  some  to  make  the  glass 
harder.  The  following  table  shows  the  proportion  by  weight  of  the  constituents 
of  various  Unds  of  glass:  , 

1 

Proportions  by  Weight  of  Glass  Constituents. 


Green 

Dead 

Lime 

Plate 

Window 

bottle 

iUnt 

flint  ^ 

Silica  (SiO.)  sand   

 100 

100 

100 

100 

100 

42 

88 

«  •  » 

•  •  e 

«  •  • 

•  «  « 

•  •  • 

86 

 24 

40 

84 

•  •  • 

•  99 

6 

6 

•  ■  • 

a  •  • 

  1 

2 

«  •  * 

.15 

.02 

Uydrated  lime  (Ca(OH),)   

•  «  • 

•  •  • 

•  •  • 

12 

•  *  a 

•  •  a 

84 

•  a  ft 
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Rod  lead  (2PbO+PI»0«)   48 

Niter  (NaNO.)                                                                    6  1 

IfaagMMse  (MiK^)                                                        .06  6.M 

Antimony  (iSb)                                           ...        ...          .02  .28 

DistrUtution.  One  of  the  largest  areas  of  grlass  sand  in  Indiana  is  the  dime 

legrioTi  in  Lake.  Porter  and  Laporte  counties.  Here  larfje  areas  are  covered 
with  dunes  of  pure  white  sand  of  large  size.  The  sands  were  deposited  in  the 
g^adal  lakes,  Chicago  and  Kankalcee,  and  later  bcaped  into  dimes  hy  wind 
action.  The  dune  area,  bordering  on  Lake  Michigan,  i.^  principnlly  betwern 
Gary  and  Michigan  City,  a  strip  from  ona-lialf  to  one  and  one-hall  miles  wide, 
in  wliidi  tiie  dnnes  vary  f^an  fifty  to  one  himdred  and  ninety  feet  higli.  Some 
of  the  higher  dunes  cover  areas  of  one  to  two  hundred  acres.  This  area  con- 
tains an  inexliattstible  supply  of  glass  sand.  A  sand  dune  area  lying  jMUth  of 
tlie  Kankakee  Biver  oorers  an  area  of  about  two  thousand  square  miles.  A 
sample  of  sand  from  Hidiigan  Cit>'  contains  91.98  per  cent  of  silica,  4.44  per 
cent  of  alumina,  .56  per  cent  of  ij-on  oxide,  2.20  per  cent  of  lime.  Tliese  im- 
purities may  be  partly  if  not  completely  removed  by  washing. 

MangfiM  Samittmu.  The  Mansfield  sandstone  of  the  Pottsville  divfrfon  of 
the  Pennsylvnnian  in  Indiana  has  a  maximum  thickness  of  two  hundred  feet 
and  an  average  probably  not  far  from  one  hundred  feet.  In  some  places  it  is 
fovnd  suitable  for  glass  land.  In  many  places  it  contains  large  quantities  ef 
pebbles;  in  others  it  contains  inclusions  of  clay,  and  iron  oxides  in  nearly  all 
places.  Glass  sands  have  been  obtained  from  it  near  Attica  in  Fountain  County 
along  the  Wabash  River  and  its  tributaries.  This  sand  has  been  used  by  the 
Attica  Glass  Sand  Company.  It  contains  98.84  per  cent  of  sUtca,  .88  per  eent 
of  alumina,  .10  per  cent  of  oxide  of  iron  and  .03  per  cent  of  magnesia. 

At  Fern,  in  Putnam  County,  on  Big  Walnut  Creek,  the  Mansfield  has  a 
tiikkness  of  at  least  fifty  feet  The  sandstone  is  qnairied  and  prepared  hy 
the  Root  Glass  Company,  and  is  used  in  tiw  manufacture  of  ^ass  in  thdr  bottle 
factory  in  Terre  Haute. 

The  Mansfield  sandstone  is  quarried  from  a  deposit  which  is  probably 
mors  than  one  hundred  feet  thick  at  a  point  on  the  Baltimore  and  Ohio  South- 
em  Railroad  about  one  and  one-half  miles  east  of  Loogootee  in  Martin  County. 
After  being  blasted  from  the  face  of  the  quarry  the  sandstone  is  crushed, 
wa.shed  and  dlied.  The  product  is  shipped  to  points  within  and  without  the 
State.  The  prepared  sand  at  thi-;  point  contains  97.78  per  cent  of  silica,  1.18 
per  cent  of  alumina,  .10  per  cent  of  ferric  oxide  and  .06  per  cent  of  lime. 

There  is  an  outlier  of  Mansfield  sandstone  near  Woleott,  in  the  western 
part  of  White  County.  Sand  was  obtained  fnUk  a  quarry  in  the  outlier  by 
the  American  Window  Glass  Company.  The  storage  of  four  analyses  of  sam- 
ples of  the  sand  made  by  Hie  company  show  a  siUea  eontent  of  99.79  per  cent, 
.237  per  cent  of  alumina  and  .024  per  cent  of  iron  oxide.  The  best  grade  of  the 
sand  is  suitable  for  the  manufaetuxe  of  the  iu^est  grades  of  glassware  and 
flint  ^ass,  and      poorsst  grade  far  13ie  manufsetnre  of  window  glass. 

The  Mimsfield  sandstone  is  a  promi.sing  formation  for  the  production  of 
glass  sand  in  a  large  number  of  counties.  In  Martin  County  it  attains  a  thick- 
ness of  two  hundred  feet,  and  presents  thick  exposures  in  many  places.  In 
Clay,  Dubois,  Orange,  Parits  and  other  eonntlos  ffaeire  an  promising  eqposures- 
of  tlie  sandstona. 
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At  Coxville,  in  Parke  County,  there  is  a  deposit  of  sandstone  filling  an  old 
valley  which  was  carved  in  the  PottaviUe  rocks  of  the  Feaneylvaniaii.  Tlie 

deposit  lies  at  the  unconformity  between  the  Pottsv-illc  and  the  Allei^heny  and 
belongs  in  age  to  the  latter.  The  sandstone  is  quarried  and  used  by  the  Acme 
Glan  Sand  Company.  The  sandstone  ledge  has  a  thickness  of  tortf  feet  TIm 
sandstone  diows  little  induration  and  is  composod  of  medium-sizerl,  angular 
grains.  The  color  of  the  sandstone  ranges  from  white  to  yellow.  The  sand- 
stone is  blasted  down,  passed  throafsh  a  crasher,  timntgh  eorragated  and  smootli 
rolls  and  then  dried  in  a  rotiiry  drii'i.  The  sand,  as  it  comes  from  the  quarry, 
may  be  used  in  making  colored  f^Iass.  It  must  be  washed  before  being  used  for 
ilint  and  window  glass.  The  sand  contains  98.61  per  cent  of  silica,  .74  per  cent 
of  alumina,  .22  per  cent  of  iron  oxide  and  .12  per  cent  of  lime. 

The  Ohio  River  sands  of  Tertiarj'  age,  which  occur  near  DePauw,  in  Har- 
rison County,  have  been  used  in  the  past  in  the  manufacture  of  glass.  Similar 
sands  in  the  ndghboriiood  of  New  Albany  have  also  bem  used.  The  New 
Albany  sand  contains  92  per  cent  <rf  silica,  1.60  of  ahnnina  and  5  per  eent  of 
iron  oxide. 


Sands  for  buildinp  purposes  are  well  distributed  in  Indiana.  White 
finishing  sands  may  be  obtained  from  the  dune  region  south  of  Lake  Michigan. 
Michigan  Citf  is  an  important  distribnting  point.  FinislUns  sands  nay  be 

obtained  from  some  of  the  ridpes  of  sand  and  pravel  of  the  glacial  area  and 
from  the  beds  and  valleys  of  the  streams  which  head  in  or  pass  through  the 
glacial  area. 

Ordinary  mortar  sands  are  widely  distributed  in  the  glacial  drift  and  in 
the  filled  valleys  of  the  streams  of  the  unglaciated  area,  which  originate  in 
tile  gladal  area.  Sands  may  be  obtained  idso  from  the  ddtas  built  into  tiie 
lakes  of  the  glacial  region. 

In  the  unglaciated  area  building  sand  may  be  obtained  from  the  stream 
beds  which  cross  the  Knobstone  area,  from  the  Mansfield,  the  Ehrren,  the 
Cypress  and  other  sandstones,  from  the  streams  which  cross  their  area  of 
outcrop  and  from  the  dunes  formed  along  their  valleys.  IMiana  produces 
about  two  million  tons  of  l)uilding  .sand  per  year. 


Building  Sands. 


Production  of  Sand  in  Indiana. 


Glass  sand 


40,000  tons 
800,000  tons 


Molding  sand 

Building  sand 
Abrasive  sand 
Engine  sand  , 

Paving  sand  . 


2,000,000  tons 


50,000  tons 
60,000  tons 
260,000  tons 

100,000  tons 
140,000  tons 


Railroad  ballast  sand 
Other  sands  


Total 


2,960,000  tons 


Total  amount  of  gravel  produced  is  about  five  million 
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CHAPTER  XIV. 

FERTILIZERS,  GYPSUM,  GOLD,  HYDRAULIC  LIMESTONES,  LITHO- 
GRAPHIC LIMESTONES,  MANCANKSE,  DIATOMACEOUS  EARTH, 
MINERAL  PAINTS,  PRECIOUS  STONES,  SALT  AND  SULPHUR. 

Fertilizers. 

A  fertilizer  is  any  substance  capable  of  incroasin^r  the  fertility  of  the  soil. 
They  may  be  classed  as  inorganic  or  mineral  and  organic  Substances  which 
eontain  the  eesential  plant  fiBods,  phmphoms,  potaasiWD  and  nitrogen  and  the 
corrertivrs  of  acidity  in  soils,  marl  and  limestone,  may  be  included  as  ferti- 
lizers. Phosphoric  acid  is  a  minor  constituent  of  some  of  Indiana  limestones, 
but  it  has  net  been  found  in  important  amounts.  It  ia  a  eonstitnent  of  the 
bones  and  shells  of  animals  and  thus  i<  found  in  many  limestones,  but  eco- 
nomically important  deposits  occur  only  where  concentration  has  taken  place. 

Potash  eeeanr  in  nme  of  the  brinee  of  the  state  and  is  a  constituent 
of  some  clays  and  shales.  The  New  Providence  shale  at  the  base  of  Knob- 
stone  contains  in  places  bet\%'een  four  and  five  per  cent  of  potash.  Experi- 
ments are  now  being  carried  on  to  see  whether  this  potash  can  be  extracted 
in  commercial  quantities  and  profitably. 

Nitroiijen  occurs  in  calcium  nitrate  in  some  of  the  caves  of  Indiana,  but 
whether  it  occurs  in  commercial  quantities  is  not  known.  The  writer  collected 
aome  of  the  crystals  from  a  cave  south  of  Georgia  in  Lawrence  County.  These 
crystals  occurrtKl  in  the  surface  of  an  earthy  deposit  on  the  flOOr  Of  the  esnre. 
This  earthy  deposit  was  in  places  four  feet  thick. 

The  fertilising  properties  of  limestone,  marl  and  peat  have  been  diaenased 
under  those  heads. 

Gypsum. 

Gypsum  is  an  hydrated  form  of  calcium  sulphate.  It  contains  46.6  per 
eent  of  sulphur  trioxide,  32.5  per  cent  of  lime  and  20.9  per  cent  of  water 
when  pure.  It  ooeurs  in  transparent  crystals,  in  -wUdk  form  it  is  called  sele- 
nite;  as  fibrous  masses,  called  satin  spar;  as  massive  white,  called  alabaster, 
and  OS  on  earthy  variety,  culled  gypsite.  It  is  a  soft  mineral  easily  scratched 
Willi  the  thumb-aail.  Its  color  is  usually  white,  though  other  eolors  occur. 

Gypsum  occurs  sometimes  in  thick  beds,  which  have  probably  been  de- 
posited as  a  chemical  precipitate  in  an  enclosed  sea,  and  as  crystals  in  shales, 
haviac  been  formed  through  the  action  of  sulphurie  add,  produced  by  the 
oxidation  of  pyrite,  on  calcium  carbonate. 

No  thick  beds  of  gypsum  are  known  in  Indiana.  Selenite  crystals  are 
common  in  many  forraattons.  A  layer  of  selenite  a  few  inehea  thick  occurs 
in  the  railroad  cut  ca.st  of  Huron  in  Lawrence  County.  This  layer  rests 
between  the  Beaver  Bend  limestone  and  the  Brandy  Run  shale.  The  oxidation 
of  pyrite  formed  sulphuric  acid  which,  coming  in  contact  with  the  limestone 
through  ground  water  circulating  in  about  three  feet  of  sandy  shales,  produced 
the  selenite.  Crystals  of  selenite  are  often  found  filling  minute  crevices  in 
.shales  and  sandstone  in  the  Mississippian  and  Pennsylvanian  rocks  of  tiie 
state.  Some  of  the  well  waters  which  penetrate  these  rocks  are  rendered  hard 
by  the  abundance  of  dissolved  prj'psum.  Gypsum  is  used  in  the  manufactUM  Of 
cement  and  of  plaster  of  paris,  which  have  many  uses  in  the  arts. 
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Gold. 

Small  quantities  of  gold  have  been  found  in  many  counties  of  Indiana. 
These  counties  are  located  within  the  glaciated  area  or  in  counties  adjacent 
which  receive  a  part  of  their  drainage  from  it.  No  gold-bearing  vcin.s  occur 
in  the  state.  The  gold  found  is  the  placer  type,  occurring  in  sands  and  gravels. 
These  sands  and  gravels  have  been  derived  from  the  glacial  drift.  The  par- 
ticles of  native  gold  are  usually  free,  but  occasionally  a  few  flakes  are  found  in 
small  quartz  pebbles. 

From  all  the  evidence  collected  it  seems  that  the  gold  of  Indiana  was 
brought  down  by  glaciers  from  some  point  lying  north  of  the  northern  boun- 


PUt«  CLIX.    Entrmncc  to  Wyandotte,  one  of  Indiana's  mo«t  noted  cave*. 


dary  of  the  United  States.  Vein  stone  carrying  the  gold  was  removed  from 
the  outcrop  of  the  veins  by  the  erosive  action  of  glaciers  and  transported  to 
its  present  resting  place.  The  particles  of  gold  were  set  free  from  the  vein 
.stone  by  the  disintegrating  action  of  the  weathering  agents.  Under  the  action 
of  gra^-ity  the  particles  of  gold  settled  to  the  surface  of  the  bed  rock  and 
was  concentrated  along  the  courses  of  streams. 

A  few  men  "panned"  gold  for  the  greater  part  of  a  lifetime  in  Brown  and 
Morgan  counties  and  arc  said  to  have  realized  as  high  as  $1.75  per  day  for 
their  labor.  The  most  of  the  panning  is  done  on  the  bars  of  the  small  streams. 
The  gold  obtained  varies  in  size  from  microscopic  flakes  or  grains  to  small 
nuggets  weighing  as  much  as  one-fourth  ounce  Troy. 

The  counties  in  which  gold  has  been  found  or  reported  are:  Brown,  Cass, 
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Clark,  Dearborn,  Franklin,  Greene,  Jackson,  Jennings,  Montgomery,  Morgan, 
Ohio,  Putnam,  Vanderburgh  and  Warren. 

Gold  in  Indiana  has  been  referred  to  in  the  following  publications:  Frazer, 
Jour.  Franklin  Institute,  June,  1850;  Collett,  Geol.  Sur.  Indiana,  1873,  p.  244; 
1874,  pp.  77-110  and  1875  p.  294;  Owen,  Geol.  Reconnaisance  of  Ind.,  1862, 
p.  119;  Cox,  Geol.  Sur.  Ind.,  1878,  p.  106;  Sutton,  Proc.  Assoc.  Adv.  Sci.,  XXX, 
1881,  pp.  77-185;  Raymond,  Geol.  Sur.  Ind,,  1869,  pp.  185-190;  Brown,  13th 
Ann.  Rept.  Geol.  Sur.  Ind.,  1903,  pp.  11-38;  31st  Ann.  Rept.,  pp.  68-72. 


Plate  cue.    Iiwide  Wyandotte  Cave.    View  showing  dvpoaition  of  st«liictiln  iind  BtalHjcmitM. 


Hydraulic  Limestones. 

Among  the  limestones  of  Devonian  age  in  Indiana  is  the  Silver  Creek 
hydraulic  limestone.  This  limestone  attains  its  greatest  thickness,  sixteen  feet, 
in  Clark  County,  and  thins  rapidly  toward  the  north.  The  Silver  Creek  lime- 
stone lies  between  the  Jeffersonville  limestone  below  and  the  Sellersburg  lime- 
stone above,  both  of  Devonian  age.  The  limestone  is  a  homogeneous  fine-grained 
limestone,  usually  massive,  but  in  some  is  divided  into  two  or  three  ledges  by 
bedding  planes.  The  color  on  freely  exposed  surfaces  is  usually  blue  or  bluish 
gray  and  on  weathered  surfeces  buff.  The  chief  impurities  are  silica,  clay 
and  iron  compounds.  It  is  composed  of  calcium  carbonate  and  magnesium 
carbonate,  with  the  impurities  mentioned. 

The  Silver  Creek  limestone  has  been  u.sed  for  many  years  in  the  manufac- 
ture of  natural  cement.  At  one  time  a  large  number  of  kilns  were  in  operation 
in  Clark  County,  at  the  present  time  only  one  firm  is  manufacturing  natural 
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cement.  The  composition  of  the  raw  material  and  the  manufactured  product 
is  ^vcn  under  the  chapter  on  Cement  in  the  discussion  of  the  Speed  plant. 

Lithogrraphic  Stone. 

In  the  making  of  lithographs  a  fine-grained  homogeneous  limestone  is  often 
used  to  receive  the  impression  from  which  the  lithograph  is  made.  A  lime- 
srtone  to  be  useful  for  this  purpose  should  be  porous  enough  to  absorb  the  oil 
of  the  printer's  ink.  It  should  be  soft  enough  to  be  easily  carved,  but  hard 
enough  to  resist  ordinary  wear  and  not  crumble  under  light  blows.  It  should 
be  of  uniform  texture  and  free  from  fossils,  cavities,  veins  and  other  irregu- 


Pl«to  CLXI.    Hydro-dectric  plant  on  east  fork  ot  White  River  at  Willianu. 


larities.  Lithographic  limestone  usually  has  a  conchoidal  fracture  and  is  not 
easily  -squared  w  ith  a  hammer  but  is  better  shaped  by  sawing. 

Lithographic  limefitone  occurs  in  Indiana  among  the  Mississippian  rocks. 
The  Salem,  the  upper  Mitchell  and  the  Golconda  divisions  all  contain  litho- 
graphic stone.  Small  slabs  free  from  imperfections  are  not  difficult  to  obtain, 
but  the  larger  slabs  are  not  often  obtainable  because  of  the  presence  of  fossils. 
No  exteiKsive  use  ha.*;  been  made  of  any  of  the  Indiana  lithographic  limestones. 
They  are  distributed  through  the  Mississippian  belt  in  Monroe,  Lawrence, 
Orange  and  Crawford  counties  and  probably  occur  in  some  others. 

Manganese. 

The  principal  ores  of  manganese  are  the  oxides,  pyrolusite  (MnOa),  psi- 
lomelano  (MnOi,  H>0),  and  wad,  which  is  an  earthy  variety  of  the  oxides, 
Limonite  often  contains  oxides  of  manganese.    Small  quantities  of  the  oxides 
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of  ntani^anese  have  been  found  in  the  KaoUn  deposits  of  Indiana.  Some  of  the 
j^eodc-likc  concretions  in  the  Mansfield  iion  ores  rontain  cavitios  linff)  with 
oxide.s  of  muni^nc.<<c.  The  iron  orei>  of  the  lower  Knobstoiie  alao  contain 
oxides  of  manganese.  Manganese  ores  have  been  reported  as  ooenrring  in 
deep  wells  in  thn  south*  a>;tcin  part  of  the  state,  but  no  deposits  of  eoononie 
importance  have  been  found. 

In  the  iron  ores  at  the  base  of  the  Knobstone  as  much  as  ftve  per  eent  of 
nuuiganese  oxide  and  carbonate  has  been  found. 


This  an  earthy  substance  conipo-sed  largely  of  the  shells  of  diatoms, 
with  an  admixture  of  day  and  sand.  It  is  used  as  a  polishing  powder,  in  the 

manufacture  of  scourinp  soaps,  as  a  non-conductor  for  >teani  pipes  and  boilers, 
and  for  other  purposes.  It  i.s  reported  from  Dubois,  Lawrence,  Jackson,  Sulli- 
van and  Washington  counties. 


A  large  number  ot  niineral-s  and  rocks  are  used  in  the  manufacture  of 
paints.  Some  of  these  are  used  as  they  are  taken  from  the  mine  or  quarry, 
others  mu-t  br  pround,  separated  or  washed.  One  of  the  common  souices  of 
minoal  pigmuits  is  from  ochers,  which  arc  an  admixture  of  iron  oxides  and 
clay.  Hie  common  varieties  are  red,  yellow,  umber  and  sienna.  Red  oefaer 
i.s  a  mixtuie  of  clay  and  the  red  oxide  of  iron,  hematite.  The  yellow  ocher 
consists  of  a  mixture  of  clay  and  the  hydrated  oxide  of  iron.  The  yellow 
ocher  may  be  changed  to  red  by  heating  it  and  driving  off  the  water  of 
crystallization.  The  brown  ocher  or  umber  i.s  a  mixture  of  clay  manganese 
oxide  and  iron  oxide.  Sienna  is  a  yellowish-brown  variety  of  umber.  The 
percentage  of  iron  oxide  in  the  ochcr.s  ranges  from  ten  to  seventy-five. 

The  iron  ores,  hematite,  limonite  and  siderite,  are  also  used  for  pigments. 
Other  substances  wliich  are  used  for  iji^rments  arc  clay,  shale,  slate,  gypsum, 
barite,  iu<bestos,  Kraphite,  chalk,  whiting  and  other  substances. 

Clay.s  suitable  for  paints  are  found  in  Lawrence  and  Martin  counties. 
Shale  occurs  in  Vipo  and  other  counties  which  is  suitable  for  paint-. 

Iron  ores  occur  in  Martin,  Greene,  Monroe,  Orange  and  other  counties 
which  can  be  used  for  paints.  Ochers  also  occur  in  these  counties  in  some 
places.  Yellow  ocher  of  jrood  quality  exists  in  Owen,  Greene,  and  Oransre 
counties.  The  limstones  of  Indiana  furnish  a  good  quality  of  calcium  carbon- 
ate which  may  be  used  as  a  pigment 


Under  this  head  are  classed  all  minerals  and  rocks  which  are  used  for 
gems  or  ornaments.  The  greatest  variety  of  such  rocks  and  minerals  found  in 
Indiana  are  obtained  from  the  glacial  drift.  They  were  transported  by  glaciers 
from  the  crystalline  rocks  lying  beyond  our  national  boundur>'.  In  some  cases, 
when  found,  they  are  imbedded  in  fragments  of  crystalline  rocks,  but  more 
often  the  gem  stones  are  single  crystals  or  fragments  of  crystals  occurring 
in  loo.te  sand  or  gravel.  The  writer  has  identified  c)y>fals  of  tpiartz,  rutile, 
topaz,  garnet,  tourmaline  (brown  and  black)  feldspar,  ameUtyst,  and  diamond. 
Also  in  pebbles  he  has  reeognixed  agate,  opal,  jasfitae  and  dialcedoay. 


y Matomaccous  Earth. 


Mineral  Paints. 


Precious  Stones. 
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Diamonds  liav«  been  feund  in  the  elder  glaeiBl  drift  (Pre-Wisooniin)  in 

Morpan  and  Brown  counties.  More  than  a  score  have  been  found  in  these 
two  counties,  largely  by  p«ople  who  have  washed  the  stream  sands  and  gravels 
for  gold.  The  largest  one  reported  weiglied  nearly  five  carats,  but  tlie  maJor> 
ity  mte  utuln  two  carts,  bl  Brown  County,  diamonds  have  been  found  on 
Indian  Creek,  Goss  Creek,  Udc  Creek  and  Salt  Creek,  and  in  Morgan  County 
on  Geld  Credc,  Little  Indian  Credc,  SycanoTe  Creek  and  Possum  Creek. 

Transparent  Quai  tz  n  ystals  line  many  of  the  geodes  found  near  the  Knob- 
stone-Harrodsburg  contact.  Many  of  them  are  clear  and  transparent  and  suit- 
able for  ornamental  purposes. 

Pearls  are  obtained  from  fresh-water  clams  or  mussels  in  the  istreams  of 
the  state.  Clam  fishinfr  is  carried  on  in  the  Ohio,  White,  Wabash  and  other 
rivers.  Button  form  factories  are  located  at  Shoals  and  Petersburg,  where 
the  forms  for  buttons  are  cut  from  the  clam  shells  and  sent  to  button  fae- 
tories  to  be  complrted.  The  fishermen  often  fiTi'l  pearls  in  the  clams,  but  it  is 
only  occasionally  that  one  of  economic  importance  is  found.  A  few  are  re- 
ported to  haye  sold  for  more  than  <me  hundred  ddlara. 

Sulphur. 

Free  sulphur  is  not  known  to  occur  in  Indiana  in  deposits  of  commercial 

importance.  A  little  free  sulphur  is  found  in  coal  and  in  shales  associated 
witii  coal.  This  sulphur  has  been  set  free  by  the  oxidation  of  pyrite.  Hydro- 
gen sulphide  is  a  comnum  constituent  of  some  of  the  mineral  waters  of  Indiana. 
The  principal  source  of  sulphur  in  Indiana  is  from  pyrite  which  is  discussed 
under  that  head. 

Salt. 

Common  salt,  sodium  chloride  (NaCI),  is  present  in  Indiana  in  brines, 
tdiich  occur  in  deeply  buried  sedimentary  rocks  which  wne  deposited  under 
the  sea  and  from  which  it  is  probable  that  the  salt  has  never  been  completely 
ranoved.  The  St.  Peter's  sandstone,  the  Ordovician,  Silurian  and  Devonian 
limestoiies  are  rocks  whidi  contain  iJiese  aaliferous  waters  from  which  salt 
could  be  extracted  by  wttpontian.  Bock  salt  is  not  known  in  the  state. 
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INTKODICTION 


The  New  Albany  "black"  shale  of  southeastern  Indiana  ha^^  been  a  well 
kiMfwn  fbmuttimi  to  geologiata  for  many  yearn   As  an  oil  shale  it  has  not 

been  looked  upon  with  much  interest,  excepting  the  work  done  by  Duden  in 
1896,  and  the  reference  and  analyses  made  by  Ashley  in  1916.  The 
author  beliered  a  more  detailed  study  of  the  fomation  would  bo  jprofltable 
to  the  general  public  and  those  interested  in  oil  shales.  It  was  with  this  in  view 
that  the  present  work  was  begun.  In  addition  to  the  New  Albany  shale 
some  results  of  experiments  and  a  brief  discussion  of  the  bitominous  diales 
associated  with  the  coals  of  Indiana  are  given. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  the  authors  of  the 
publications  named  in  the  bibliography  below;  to  Professor  W.  N.  Logan, 
State  Geologist,  who  has  made  the  report  possible  and  who  gave  valuable 
help  and  criticism  to  Professor  E.  R.  Cumings;  to  Dr.  C.  A.  Malott;  to 
Messrs.  K.  W.  Ray,  Frazc,  and  Quinn  for  a  part  of  the  analytical  work  and 
susgostionfl. 

The  maps  of  this  report,  prepared  by  the  author,  were  compiled  from 
field  notes  and  sketches  and  other  geological  maps  of  the  Indiana  Geological 
Survey.  ' 
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Unm,  kt  co-oporatiott  with  tlw  U.  8.  Bureau  of  Mlnea  and  tlie  Dlviaion  of  Ccoloicy.  Department 
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Chapter  I 


GENERAL  CONDITIONS  AND  THE  OIL  SHALE  INDUSTRY 

During  the  year  1919  the  United  States  Geological  Survey  estimated  the 
total  p0tTOleiim  content  of  the  United  States  to  be  11,300,000,000  barrels,  of 

which  some  4,600,000,000  l>:n  i  els  had  been  extracted.  This  leaves  as  the  sur- 
plus 6,700,000,000  barrels.  These  figrures  are  fairly  accurate,  especially  the 
ones  on  production,  and  show  clearly  our  present  status  in  reffard  to  a 
petroleum  supply  for  the  future.  During  the  year  1919  the  United  States 
produced  rt.'iO.l .31 ,000  b.inels  of  petroleum.  The  production  in  the  first  ten 
months  of  li)20  amounted  to  369,790,000  barrels  and  it  seems  likely  that  the 
total  lior  the  year  of  1920  wiU  be  something  like  441,000,000  barrds.  At  tlw 
rate  petroleum  was  consumed  in  the  United  States  in  September,  1920,  it  is 
safe  to  say  the  consumption  in  1921  will  amount  to  606,000,000  barrels,  which 
doesnt  include  tiie  posstbiHtjr  of  an  Inerease  in  the  eonsnmption  during  this 
year,  which  -urcly  will  exist.  In  case  the  above  expected  fijfurcs  on  the 
consumption  for  1920-1921  prove  to  be  correct  it  .wems  more  than  likely  that 
half  of  our  total  petroleum  resonrces  will  be  eadumsted  at  the  end  of  the  year. 
The  tabulated  produetion  of  petmlenm  in  the  United  States  is  as  followt: 


TUa  table  dearly  diowB  the  ronarkable  increase  in  production  of  petro- 
leum. The  increase  in  consumption  of  petroleum  is  even  more  remarkable. 
During  the  year  1920  the  railroads  doubled  their  1919  consumption  figure. 
The  gasoline  engine  consumed  nearly  one-Uiird  more  gasdine  in  1020  timn 

in  191'J.  In  lOJO  there  wa.'^  a  large  increase  over  the  1910  consumption  of 
crude  oil  for  marine  purposes  with  a  strong  probability  of  the  1921  increase 
being  even  greater.  The  United  States  Shipping  Board  akne  contemplates 
(1920)  the  consumption  of  60,000,000  barrda  vlthin  two  years.'  The  use 
of  fuel  oil  for  other  purposes  also  is  rapidly  increasinpT- 

During  the  year  1919  the  United  States  produced  61.11%  of  the  world's 
petroleum  and  Russia  produced  24.66%.  North  America  and  Russia  combined 
produced  over  90*:^  of  the  world's  total  petroleum  production.  The  United 
States  imports  about  70%  of  Mexico's  production,  which  came  next  to  Russia 
in  the  production  of  petroleum.  Mexico'^  production  now  exceeds  that  of 
Russia. 

It  may  be  seen,  not  only  by  the  few  general  facts  above  mentioned,  but 
many  others,  that  imminent  danger  of  a  petroleum  shortage  exists.  To  make 

up  for  such  a  .shortage  recourse  may  be  had  to  several  substitutes.  There 
is  a  possibility  of  new  fields  being  discovered  in  other  countries.  The  use  of 
new  and  improved  methods  for  the  production  of  petroleum,  especially  in  old 
fields,  will  no  doubt  bring  up  the  total,  us  well  as  new  and  improved  methods 
in  the  refining  of  petroleum.  The  development  of  enprines  that  will  more  effi- 
ciently utilize  fuel,  such  as  the  Diesel  engine,  and  internal  combustion  engrines 
that  use  less  and  lower  grade  fnds*  as  kerosene.  The  sabatitotion  of  alediol 
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for  motor  fuel  has  been  considered  to  replace  ^soline.  A  larger  development 
and  use  of  water  power  can  displace  to  some  extent  the  use  of  fuel-oil  on 
land.  DifltJlIation  of  coab  inrodvcine  benidl  and  other  ooal-tar  products  al- 
ready is,  and  in  the  future  probably  will  to  a  greater  extent,  take  the  place 
of  petroleum.  However,  ail  these  substitutes  have  their  limitations  and  the 
consumers  of  motor  spirits,  twi,  and  lubricatinir  eils  are  looMnflr  forward 
with  an  increapinffly  fjreater  interest  to  the  oil  produced  from  oil  shales  as 
a  substitute  for  petroleum.  The  amount  of  .oil  that  can  be  educed  from  oil 
shales  known  to  exist  is  unlimited.  As  lonir  as  petrolenm  was  cheaply  pro- 
duced in  quanities  large  enough  to  meet  the  demand,  little  heed  was  ^iven  to 
oil  shales.  Now  that  the  demand  has  grown  so  large  that  production  and 
reaonrees  meet  it  with  difficulty,  it  is  necessary  to  turn  to  this  new  and  inex- 
haustible source  for  oil. 

An  oil  shale  does  not  contain  oil  as  such,  but  it  contains  a  substance  which 
when  the  shale  is  subjected  to  destructive  distillation  yields  gas,  oil,  water, 
and  nitrogen  compoonds,  such  as  ammonia,  as  well  as,  in  some  eases,  odier 
products. 

Oil  shales  vary  in  characteristics.  In  color  they  are  usually  brown  to 
blade   The  main  body  of  most  oil  shales  is  composed  largely  of  sand  well 

cemented.  In  hardness  they  vary  from  the  curly  paper  shales  which  are 
tough  and  soft, to  the  massive  shale  as  hard  as  a  medium  limestone.  They 
oecttr  much  the  same  as  an  ordinary  shale  or  line  grained  sandstone  with  the 
exception  of  the  oil-producintr  matter. 

This  matter  in  oil  shales  probably  originated  from  plant  life  growing  at 
the  time  the  shale  was  deposited,  the  plant  matter  in  a  finely  diyided  condition 
for  the  most  part,  being  included  in  the  .sediments.  Animal  matter  in  some 
cases  has  also  added  largely  to  this  matter.  A  more  detailed  discussion  of 
the  origin  of  the  oil  producing  matter  of  oil  shales  occurs  in  a  later  chapter. 
In  some  cases  this  matter  may  be  dissolved  by  such  solvents  as  carbon  bisul- 
phide, ether,  and  benzol,  and  in  some  cases  it  cannot.  However,  both  types, 
containing  either  soluble  or  insoluble  matter,  yield  oil  upon  distillation.  To 
that  insoluble  material  or  matter  "which  is  neither  bitumen,  petroleum,  or 
resin".  Cum  Brown  has  given  the  name  "kerogen".  The  writer  is  inclined 
to  believe  oil-producing  matter  of  oil  shales  as  an  oil  shale  is  defined  above, 
is  UtnndiHnis  matter  much  the  same  as  coal  in  ite  various  stagea  older  than 
peat  A  shale  which  is  impregnated  with  petrolemn  is  an  oil  shale,  bat  is 
not  generally  classed  as  such. 

Oil  shales  occur  in  many  countries  of  tiie  world  as  well  as  In  several  stata 
of  this  country.  Large  deposits  exist  in  the  Unilrd  States,  Canada,  Nova 
Scotia,  New  South  Wales,  Australia,  New  Zealand,  France,  Scotland,  Tas- 
mania, Brazil,  Spain,  Turkey,  Austria,  South  Africa,  and  Sweden,  hk  this 
country  large  deposits  exist  in  Colorado,  Wyoming,  Utah,  California,  IfoiH 
tana,  Indiana,  and  Kentucky,  be.sides  minor  deposits  in  other  states  not  men- 
tioned. The  Colorado  and  adjacent  shales  are  Tertiary  in  age.  The  Indiana 
shale  and  the  Kentucky  shale  is  for  the  most  part  Devonian  in  age  and  partly 
Mississippian.  Oil  shales  also  oeenr  in  the  Penn^lvanian  rocks  aaseciated  with 
tiie  coals. 

Obtaining  oil  by  distillation  is  an  dd  proeess.  As  long  ago  as  1889  the 

French  were  distilling  bituminous  material  for  oil  on  a  commercial  scale  by  a 
process  perfected  by  a  chemist,  Seligue.  In  1850,  James  Young,  after  long 
Investigations,  obtaliicd  a  patent  for  the  distiUathm  of  Utuminons  material, 
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and  til*  indnaliEy  began  to  floarish  in  EngUuid  and  Scotland.  The  bituminona 
matarial  llzat  wad  was  cannd  coal  and  the  distillation  was  rnrried  on  at  a 
low  taupanttara  in  order  to  obtain  the  greatest  amount  of  oil.  It  was  dis- 
covered fMa  aane  year  tiiat  bogliead  coal  upon  diitHIation  yidded  more  oil 

than  the  canncl  coal  and  it  \vri>  from  then  on  used  exclusively.  The  extensive 
demand  raised  the  price  of  this  material,  but  within  sixteen  years  it  had  be- 
eoBM  odftaiiatad. 

In  1859  experiments  were  made  in  the  distillation  of  the  Scottish  oil 
shales  at  Broxburn.  About  the  time,  the  boghead  eoal  became  exhausted 
several  plants  were  in  operation  naing  this  shale.  Vrom  fhia  time  em  to  tiie 
present  tin  iadttitry  in  Scotlaad  has  been  one  of  more  or  less  success.  In 
18G0  there  were  six  plants  in  operation,  in  1870  ninety,  in  1880  twenty-siz» 
in  1890  fourteen,  in  1900  nine,  and  at  the  present  time  four. 

America  has  not  been  without  her  share  of  the  industry.  During  the 
years  from  1850  to  1860  several  plants  in  the  eastern  states  were  distilling 
the  imported  boghead  coal  from  England.  As  many  as  55  companies  in 
Pennsylvania  were  distilling  the  ooala  of  that  region  principally  for  gas  and 
illiuninatin^  oils.    Canadian  companies  were  also  distilling  Albertite. 

In  1864  the  introduction  of  American  petroleum  killed  the  industry  in 
Aneriea  and  sadly  crippled  it  in  England  and  Scotland.  Improvements  on 
the  process  of  distillation  allowed  greater  yidds  of  oil  and  Iqr-produeta  and 
gvaually  the  industry  became  normal  or  stAUliaed  again. 

France  and  New  South  Walea  also  have  prodnced  aoma  oil  by  diatiUatieR 
from  oil  shales.  In  1905  there  were  74  plants  in  operation  in  France.  Vecy 
few  plants  are  operating  at  present  in  France.  Only  17,425  tons  of  shale  were 
retorted  in  New  South  Wales  in  1916  producing?  some  11,000  barrels  of  oil. 

Inasmuch  aa  the  Scotch  were  the  first  to  successfully  produce  shale  oil 
and  are  at  present  profitably  operating  shale  oil  plants  it  is  well  to  give  a 
brief  outline  of  their  plant  operations,  which  with  modifications  were  used 
in  France,  and  are  now  beginning  to  be  used  in  America.  A  plant  conaiata  of 
quarrying  or  mining  madiinaiy,  cnulieni,  retorta,  condensers,  and  ammonia 
and  oil  scrubbers. 

The  shale  broken  up  into  staiall  i^eoes  is  passed  Into  iron  retorts  varying 

in  size  but  usually  of  two  tons  per  twenty-four  hour  per  day  rapacity.  The 
shale  is  fed  continuously  into  the  retort  an  well  as  discharged  continuously. 
The  temperatures  of  retorting  varies  from  400  degrees  C.  to  700  degrees  C. 
depending  upon  the  kind  of  shale  used  and  the  primai-y  product  desired.  The 
temperature  control  of  the  retort  is  very  important,  for  upon  this  depends 
largely  the  quality  of  the  oil  produced  and  the  amount  of  ammonia.  Super- 
heated ataam  is  passed  into  the  retort  near  the  base,  this  inci  casing  the  lunount 
of  ammonia  and  oil.  The  gases  from  the  retort  are  led  to  a  condenser.  The 
uncondensed  or  permanent  gas  is  drawn  from  the  condenser  through  water 
and  oil  scrubbers  to  remove  ammonia  and  light  oil.  The  scrubbed  gas  which 
is  inflammable  is  returne<l  and  uschI  to  heat  the  retort.  The  ammonia  liquor 
is  distilled,  the  ammonia  converted  to  ammonium  sulphate  by  passing  into 
anlpihurie  add.  The  ammonlvm  sidphata  is  an  important  item  in  tlie  Scotdi 
industry,  being  sold  and  used  as  fertilizer. 

If  the  plant  has  a  refinery  the  crude  oil  from  the  condenser  goes  there 
to  be  treated.  The  products  from  refining  are  motor  qiirits,  burning  oil,  flid 
oil,  Iubricatin>7  oil.  paraffin,  ami  coke.  Burning  oil  and  ted  oil  eonstitata 
nearly  one-half  of  the  total  crude  oiL 
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Chaptkr  11 

GEOLOGY  OF  THE  NEW  ALBANY  SHALE 

The  New  Albany  shale  was  named  by  Borden  after  the  city  of  New 
Albany,  because  of  the  excellent  exposures  found  along  the  banks  of  the 
Ohio  River  in  that  vicinity.  For  a  long  time  the  shale  was  thought  to  be 
Devonian  in  age  but  of  late  question  has  arisen  as  to  this,  w^hich  will  be  dis- 
cussed in  a  later  paragraph.    In  Indiana  the  shale  is  overlain  by  a  Missis- 

I  W\ 


rintc  I.    The  New  AnMny-Rockfonl-Ncrw  Providence  contact  In  F»llin(t  Run  Creek  under  the 
electric  railway  bridge  between  New  Albany  and  Silver  Hilli.    Note  the  thinnInK  out  of 
the  Roekford  tn  the  left,    a— New  Albany,  b — Rockford.  c — New  Providence. 

sippian  limestone,  the  Rockford  Goniatite  and  is  underlain  by  the  Beechwood 
limestone,  which  is  Devonian  in  age.  In  the  absence  of  the  Rockford  limestone 
in  Jefferson  County,  Kentucky,  across  the  Ohio  River  from  New  Albany, 
Charles  Butts  says  that  an  unconformity  cxi.sts  between  the  New  Albany  and 
the  New  Providence  which  lies  in  Indiana,  immediately  above  the  Rockford. 
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Along  Fallinjc;  Run  Creek  in  Flojrd  County,  Indiana,  which  is  across  the  river 
from  Jefferson  County,  the  Rockford  is  present  and  shows  evidence  of  nn- 
confoiTnity  in  that  it  thins  out  an<i  thickens  from  none  to  two  feet.  The 
New  Albany- Uockford-Ncw  Providence  contact  may  be  clearly  seen  in  Falling 
Run  Creek  under  the  electric  raUway  bridge  that  connects  Silver  Hilb  with 
New  Albany,    (See  Plate  I.) 

The  Rockford  farther  north  in  Indiana  is  persistent,  having  been  found  at 
Rockford,  Jackson  County,  Henryville,  Clark  County,  as  well  as  several  other 
places  between  Rockford  and  the  Ohio  River.  Acrordin^r  to  Butts  the  Rock- 
ford is  absent  in  Jefferson  County.  Taking  it  for  granted  that  the  Rockford 
is  correctly  correlated  with  the  Kinderhook  group  of  Missouri  and  lUinois  as  has 
been  generally  done,  and  that  no  such  representative  exists  between  the  New 
Albany  and  the  New  Providence,  he  measures  there  a  hiatus  equal  to  the 
Kinderhook  group  found  elsewhere.   Butts  further  states  that  if  the  upper 


/fe    /fenrvoocf?        A//0  Proy/c/ence  feet 

^oc^forc/  o-gfeet.  A/Or  A/etv  /H/jbony  feet 
£>3    Oek^o/7/o/?  o^c/ ^//urfon  Lt^  low  lyoter  0/?,o /?,^er- 367 


KiR.  1.    Croavscction  eait  and  west  throuith  the  city  of  New  Albany,  showinR  the  dip  of  the 
rodn  ami  the  rdstloo  of  the  Hew  Albny  to  the  water  tevd  of  the  Ohio  Wvcr. 

New  Albany  is  found  to  be  Mississippian  in  age  instead  of  Devonian,  the 

hiatus  would  be  considerably  reduced  and  the  upp«r  part  of  the  formation 

correlated  with  the  Kinderhook. 

In  thickness  the  shale  varies  from  104  feet  at  New  Albany  at  the  foot 

of  the  Knobstonc  escarpment  to  as  much  as  140  feet  in  other  localities.  (See 
list  of  well  records  at  the  end  of  this  chapter  showing  depth  and  thickness 
of  the  fdrmation  at  various  places  in  the  state.)    In  the  district  of  its  oot- 

crop  the  entiio  thickness  is  not  always  represented,  i:r.  pnrt  of  it  has  been 
removed  by  erosion.  The  northern  three- foui-ths  of  the  Oi.tcrop  (Fig.  II)  is 
thickly  covered  with  glacial  drift  except  along  the  Wabash  River  near  Delphi 
where  the  shale  may  be  seen  in  extensive  outcrops.    From  Bartholomew 

County  south  to  the  Ohio  River  the  drift  is  thin  or  not  present  at  all  and 
outcrops  occur  in  large  numbers,    in  the  drift  area  a  full  thickness  of  the 
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shale  is  rarely  found,  due  to  erosion  subsequent  to  the  glacial  drift  deposition. 
West  of  the  outcrop  area  where  the  shale  is  deeper  and  covered  with  overlyinff 
rocks  the  full  thickness  is  shown  by  well  records.  In  the  area  of  the  outcrop 
the  shale  is  thickest  at  the  western  side  and  thinner  on  the  eastern  side,  due 
to  the  dip  of  the  rocks  in  this  region  to  the  west  and  southwest. 

The  shale  has,  on  a  fresh  surface,  a  brown-black  velvet  color  when  dry 
and  densely  black  when  wet.    In  places  throughout  the  fonnation  there  are 


Plate  II.    A  c\nf,v  view  nf  ihv  shulo,  taken  near  New  Albany. 


thin  variations  of  blue  and  green  shale  and  light  colored  streaks  of  sand. 
These  thin  sandstone  layers  are  found  usually  within  fifteen  feet  of  the  base 
of  the  formation.  The  following  section  taken  one-half  mile  south  and  one 
mile  east  of  Henryville  shows  the  presence  of  these  blue  shale  layers. 

Black  shale   15  feet  00  inches 

Blue-green  shale   8  inches 

Black  shale    4  inches 
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DBPABTMBNT  01^  CON8BBVATION 


Gnen  ahale 

Black  shale 
Blue  ahale  . 


10  MOO  bwliia 


10  inches 

6  inches 
12  iafihaa 


When  tteMf  dug  the  ahale  is  eompaet  and  hamogenewia  with  a  aob* 

conchoidal  fracture  but  extrn>ivr  wratherinjf  reveals  fissility  and  tho  shale 
splits  into  sheets.  It  is  fairly  hard,  being  about  3,  and  is  difficult  to  dig  into 
with  a  miner^  iriek.  Weathering  softens  the  shale  somewhat  and  causes  its 
color  to  change  to  blue  and  then  gray. 

The  shale  as  shown  at  New  Albany  is  highly  jointed  (see  Plate  VI). 
Here  the  Joints  parallel  with  the  river  and  about  five  feet  apart,  form  a  series 
of  steps  to  tite  water's  edgre.  These  perfect  jotnts  extend  vertically  through 
the  shale  as  much  as  70  fcot,  and  perhaps  more  although  greater  than  this 
has  never  been  measured.  In  localities  cross  jointing  allows  the  shale  to  be 
wedged  out  in  large  rectangles  or  rhomboids.  Thia  jointing  ia  typical  of 
the  foTTTiation  wherever  it  is  found  in  Indiana. 

The  body  of  the  shale  is  composed  of  fine  sand  made  up  of  grains  of 
qnarts,  mica,  and  kaelinite,  aome  argillaceous  matter,  and  in  some  parts,  as 
the  lower  fifteen  feet  ;it  New  Albany  and  North  Vernon,  contains  a  small 
amount  of  caldum  carbonate.  Pyrite  is  well  distributed  throughout  the  shale, 
in  nodnlar  form,  ranging  from  microscopic  siae  to  two  inches  in  the  longest 
measurement.  Pyrite  is  also  found  in  lenses.  These  pyrite  concretions  occur 
usually  in  certain  well  defined  bedding  planes.  Large  limestone  concretions, 
elliptieal  in  shape,  are  abundant  Where  tlicse  have  formed,  Ite  ahak  about 
them  has  been  bent  and  folded  by  the  fem  exerted  in  their  expanaive  growth. 
The  following  is  an  analysis  of  one  of  theae  eoncietiona: 

CO*,  Volatile,  Organic  82.46^ 


Thin  .slabs  and  slivers  of  the  shale  will,  when  placed  in  a  fire  or  lighted 
by  a  match,  burn  quite  freely,  with  a  ydlow  flame  giving  oil  a  sooty  smoke 
and  leaving  apparently  as  much  ash  as  the  original  hulk. 

The  following  analyses  were  made  by  Duden  (21st  Annual  Report,  Indi- 
ana Geological  Survey),  the  samples  having  been  collected  from  different 
locaUtieB  in  the  -vkbdky  ef  New  Albany. 

Water  espeUed  at  100  degrees  C.   0.50 

Volatile  organic  matter   14.1(> 

fixed  carbon   9.30 

Siliea    60.58 

Pyritic  iran  and  alumina   25.1^0 

Calcium  oxide   0.09 

Hagneeium  exide   0.12 


Insoluble  in  HQ 

Fe  and  AI  


18.78 
24.25 
21.26 
2418 

JB6 
.06 


CaO 
SO. 
MgO 
P.O. 


09.6896 


100.00 
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Water  expelled  at  100  degn^ees  C.  for  4  hours  

Vdtalik  oiganie  matter  14^01 

Fixed  organic  awttcr  9J80f 

Silicates  inwlaUe  in  HCl  

Ferric  oxide  

Calcium  oxide    0.09 

Magnesium  oxide   0.12 

Salphnr    2.08 


100.00 

Sea  water  in  which  this  shale  was  deposited  contains,  amone;  other  salts 
in  aotntfam,  small  amounts  of  calcium  sulphate  and  matrnesia  which  react  with 
tita  iraa  oxide  present  in  the  water  and  the  mud  of  the  sea  bottom,  forming 
ferrous  sulphate.  This  is  then  reduced  to  ferric  sulphide  or  pyrite.  This  is 
probably  the  origin  of  the  pyrite  found  in  the  ishale.  Water  circulating 
through  the  shale  after  its  deposition,  toolc  into  solution  some  of  this  ferric 
sulphide,  depo.«iting  it  in  favorable  place.s  in  the  form  of  nodules  of  pyrite. 

When  expoiied  to  the  influences  and  agencies  of  weathering,  water  and 
oxygen  oomUne  with  ferric  snlphfde  mddising  it  to  ferrona  sulpltate,  water, 
and  f ri  (>  sulphuric  acid.  The  sulphuric  acid  reacts  with  the  .sand,  forming 
aluminum  sulphate.  This  and  the  ferrous  sulphate  are  water  soluble  and 
are  leadied  out,  forming  white  depoetts  on  the  weathered  nafaeea  of  diale. 

The  following  analysis  (by  Bay)  was  made  of  tiie  shal^  sample  dried 


at  110  degrees  C. 

SiQi  51.09% 

CaO    1.06 

Fe,0  10.98 

A1,0,    9.84 

MgO   98 

P,0,  07 

SO.   18 

TiO,   88 

Na.0    .81 

K.0   58 

UiO   .47 

Lon  on  ignition  24.00 


99.94  "'f 

The  New  Albany  shale  seems  to  have  been  deposited  in  a  shallow  sea 
bordering  lowlands  upon  whidi  grew  abundant  Tegetation.   This  vegetation 

may  have  been  both  terrestrial  and  aquatic,  the  aquatic  brin^'  either  fresh 
or  salt,  but.  more  apt  to  be  the  latter.  As  the  sediment  forming  the  main 
body  of  tile  shale  was  washed  into  the  sea,  it  carried  witii  it  much  of  the 

vegetable  matter  in  a  partly  decomposed  condition,  at  least  in  a  fine  State 
of  division.    In  some  cases  leaves  and  stems  of  plants  were  included. 

Microscopic  examination  of  thin  sections  of  the  shale  show  the  presence 
of  qtoras  or  parts  of  spores  very  similar  to  those  found  in  coal.  Surrounding 
the.se  spores  i.s  the  black  .■sedimentary  part  of  the  shale,  the  black  color  being 
due  to  disseminated  bituminous  matter  and  carbon.    It  is  thought  the  oil 
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obtained  by  distillation  is  derived  from  this  bituminous  matter  of  the  shale. 
When  the  original  sediment  enclosing  the  vegetable  matter,  began  to  harden 
and  solidify,  a  process  similar  to  coalification  was  begun  upon  the  vegetable 
matter  and  continued  to  a  more  or  less  dcgi'ce  to  the  present,  thus 
forming  of  the  vegetable  matter  a  bituminous  substance. 


Pint*?  III.    A  view  from  a  <iu!irry  !<hi>winu  «ho  Jointintr  nnti  Ihi-  tli-i'lh  to  whirh  wcatherins 

f(Toct«  the  ahulc. 

Plant  fossils  are  not  abundant  in  the  New  Albany  but  Duden  found, 
among  four,  the  sporangiten,  a  fossil  spore  which  he  believes  to  be  the  spore 
of  the  large  fucoid  Parenchymophycus.* 

For  a  long  time  the  New  Albany  was  treated  as  a  single  unit  of  the 
same  age  and  correlated  with  the  Genesee  shale  of  New  York  and  the  Huron 
shale  of  Ohio.    The  age  of  the  formation  is  a  question  unsettled.  Charles 


*  The  author  hits  finri-  fiiunil  two  fiMBil  1r(>e  trunks  of  at  least  two  feet  in  diameter.  A 
number  of  others  have  been  riM'i>rtcd. 
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Butts,  in  his  GeoloRy  of  JeflFerson  County,  Kentucky,  has  summed  up  briefly 
as  follows:  "Until  recent  years  the  New  Albany  shule  in  its  entirety  has  been 
correlated  with  the  GenesM  shale  of  New  York  and  the  Huron  shale  of  Ohio. 
Of  late  that  correlation  has  been  questioned  by  Ulrich,  who  maintains  that 
only  the  lower  few  feet  containing  Schizobolus  concent ricus.  Lei  orhynchus 
quadricostacus,  etc.,  known  elsewhere  only  from  the  Genesee  shale,  is  of 
Genesee  age.    The  upper  85  to  90  feet  of  the  New  Albany,  including  as  a 


Plat«  IV.    The  lower  Hrteen  feet  ol  the  formatinn  in  the  II.  &  O.  rnilmad  cut  in  the  eoitt  v^gc 
of  North  Vermin,    a-  Gray  nhiile.    1»-  -Blark  Hhalf.    o  SundBtone. 

basal  bed  the  calcareous  sandstone  zone,  Ulrich  assigns  to  the  Carboniferous 
system  on  evidence  that  cannot  be  fully  stated  here.  One  important  item, 
however,  is  the  pre.sence  of  Lini^ula  mtlie,  which  is  a  common  form  of  the 
Sunbury  shale  in  the  Carboniferous  of  Ohio.  He  uUo  argues  from  con- 
siderations of  a  more  general  character  such  as  widespread  movement  of 
elevation  and  a  long  period  of  dry  land  between  the  deposition  of  the  lower 
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part  of  the  shale  ascribed  to  the  Genesee  and  the  deposition  of  the  upper 
90  feet  which  is  regarded  as  Carboniferous.  If  the  latter  supposition  is  cor- 
rect, there  is  a  strati prraphic  hiatus  in  the  New  Albany  about  ten  feet  from 
the  bottom  measured  by  over  5,000  feet  of  shale  and  sandstone  of  Portage 
and  Chemung  age  in  central  Pennsylvania,  and  this,  too,  without  any  irregu- 
larity or  discordance  of  bedding  to  mark  the  contact  of  the  Genesee  and  the 
much  younger  Carboniferous  parts  of  the  New  Albany,  if  the  upper  part  is 
indeed  Carboniferous."  The  New  Albany  is  the  same  as  the  black  .shale 
found  bordering  the  Jessamine  anticline  of  Kentucky,  an  extension  of  the 
Cincinnati  Arch.   It  is  also  found  in  Tennessee,  Missouri,  and  Illinois. 


Plate  V.    A  vk-w  of  the  gray  shale  in  the  cut  shown  in  Plate  IV.    The  slabi  in  the  k>wer  renter 
are  from  the  thin  undstone  above.    See  text.    Note  the  thin  limestone  In  the  upper  center. 

The  records  given  below  by  counties  show  the  thickness  of  the  New 
Albany  shale  with  the  thicknes.s  of  the  overlying  rocks  or  drift.  The  records 
in  .some  ca.ses  do  not  show  the  entire  thickness  of  the  shale,  because  a  portion 
of  it  has  been  removed  by  ero.sion.  This  is  true  in  the  drift  region  and  the 
region  of  ureal  outcrop.  The^e  records  have  been  taken  from  reports  of  the 
Indiana  Geological  Survey  as  well  as  the  author's  notes. 
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Jaekaon  Couniy. 

Well  at  Seymour. 

Drift    7B  f €et 

Knobstone    l-^ 

New  Albany  shale   115  feet 

Well  at  Brownstown. 

Drift    43  feet 

Knolwtoiie   2f76  feet 

New  Albany  shale  147  feet 

Burtholonuw  Ciwntir. 

Well  at  Colinnbus. 

Drift    2f?  foct 

New  Albany  shale    87  feet 

Johnsm  Cotmty. 

Well  at  Franklin. 

Drift   170  feet 

New  Albany  shale   84  feet 

Well  at  Edhiburg. 

Drift    11''  fpet 

New  Albany  shale   20  feet 

Weil  at  Greenwood. 

Drift   210  feet 

New  Albany  shale   90  feet 

MorffOH  Couuty. 

WeU  at  HartfauvUle. 

Drift    86  feet 

Knobstone    323  feet 

New  Albany  shale   120  feet 

Monroe  County. 

Well  ut  Bloomington. 

Soil    0  feet 

Mississippian   749  feet 

Devonian  170  feet 

Well  at  Thrasher  School. 

Soil   10  feet 

Misdssipiiian    740  feet 

New  Albany  shale   lOB  feet 

MarUm  CouKty. 

Wdl  at  Bridgeport 

Drift    160  feet 

New  Albany  shale   140  feet 
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Plato  VI,  VptxiT  A  shale  qimrry  ncnr  Marysvillc.  Center — A  seventy-foot  bluff  of  shale  on 
Silver  Creek  near  Now  Albany.  Lower — Outcrop  of  the  shale  of  the  banks  of  the  Ohio  River 
at  New  Albany,  under  the  K.  &  I.  bridg«. 
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Boone  County. 

Well  at  Thorntown. 

Drift    65  feet 

Knobstone    339  feet 

New  Albany  shale   87  feet 


PUtte  VII.    An  outcrop  of  the  shale,  taken  one  mile  north  of  Henryville,  showing  the  dcvek>|i- 

ment  of  the  jointinK. 

Jasper  County. 

Well  at  Reminjfton. 


Drift    5  feet 

New  Albany  shale   85  feet 

Newton  County. 

Well  at  Kentland. 

Drift    100  feet 

New  Albany  shale    100  feet 
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Lafiorte  CouMby, 

Well  at  Laporte. 

Drift   296  fiMt 

New  Albany  diale  126  tet 

W«n  at  Crown  Point. 

Drift    17G  feet 

New  Albany  shale   76  feet 

Montgomgrif  County, 

Well  at  Crawfordsville. 

Drift    140  feet 

KnobstoiM   410  feet 

New  AJbany  shale   80  feet 

Puttum  County, 

Well  sooth  of  RnsaellvUIe. 
New  Albany  shale  100  feet 

Wen  at  Salem. 

Soil    7  feet 

Keokuk  limestone    53  feet 

Knoibetone    507  feet 

New  Albany  ehale   108  feet 


Chapter  IIL 

AREAL  DISTRIBUTION  OP  THE  NEW  ALBANY  SHALE. 

The  shule  outcrop  covers  a  strip  of  land  from  five  to  twenty  miles  wide 
lying  in  a  northwest  by  southeast  direction  from  Monticello  in  White  County, 
through  Marion  County,  to  New  Albany  on  the  Ohio  Kver  in  Floyd  Coanty. 
North  of  Jennings  County  the  outcrop  is  eovered  over  de^ly  with  glacial  drift 
and  cannot  be  seen  except  in  a  very  few  places.  Lyinp:  under  this  glacial 
drift  the  shale  does  not  actually  outcrop;  however,  no  conisolidated  rocks  over- 
lie it.  Under  this  drift  the  thickness  and  extension  of  the  formation  can  be 
told  only  by  well  rocords  that  penetrate  it.  Near  Delphi,  Carroll  County,  the 
Wabash  I4ivcr  has  carried  away  the  glacial  material,  cutting  down  several  feet 
into  the  New  Albany  shale.  The  shale  is  also  expoaed  along  the  Tippecanoe 
River  near  Monticello.  South  of  Bartholomew  County  the  glacial  drift  and 
wash  is  present  on  the  highlands  and  outcrops  are  found  in  abundance,  es- 
pecially along  the  streams  that  have  cut  down  into  the  shale.  Actually  the 
.shale  outcrops  only  in  Jennings,  Jefferson,  Scott,  Jackson,  Clark,  and  Floyd 
Counties,  besides  those  mentioned  above.  A  scattered  outcrop  or  two  has  been 
found  in  other  counties  which  will  be  mentioned.  It  is  in  the  above  mentiimed 
five  counties  that  the  t^hulo  hven  -tudicd  and  samples  coUccted.  A  fuller 
discussion  of  the  distribution  is  given  below. 
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Johnson  County.  One  known  outcrop  of  shale  occurs  in  this  county  and 
it  ia  found  in  the  bed  of  Sugar  Cre«k  in  Blue  Uiver  Township,  SeetioM  9  and 

17.   The  shale  outcrops  alonp  ihv  banks  and  in  the  bed  of  the  stream. 

Bturtholomew  County.  An  outcrop  of  shale  is  found  in  the  west  center  of 
Section  18,  T.  8  N.,  R.  6  E.,  about  five  miles  aonth  of  Columbns.  The  ootcrop 
is  very  small  in  extent  and  above  it  lies  the  Rockford  Limestone,  showing  this 
to  be  the  top  of  the  formation.  Other  outcrops  probably  occur  in  this  county 
a«  moat  of  its  surface  is  underlain  by  the  formation. 

Jadc$on  Coanty.  This  county  ties  on  the  western  side  of  the  outcrop, 
where  the  shale  .lips  under  the  Knobstone  rocks.  Only  the  piistern  part  of  the 
county  has  any  outcrops.  In  most  places  the  shale  is  covered  over  to  a  con- 
siderable depth  with  glacial  drift  The  filled  valleys  of  White  and  the  Mus- 
catatuck  Rivpis  have  also  obscured  the  formation.  Twenty-five  feet  or  more 
the  shale  outcrops  along  White  River  one  mile  north  of  Rockford  and  also  in 
the  river  bad  at  Rodcford.  The  shale  in  liia  river  bed  at  Rockford  ean  be 
seen  only  at  low  water.*  The  fdlowing  section  was  taken  one  mile  north  of 
Rockford: 

Drift   70  feet 

New  Albany  shale   26  feet  plus  . 

Another  outcrop  is  found  along  the  Muscatatuck  River  near  Langdon. 
South  of  Seymour  near  Che.stnut  the  shale  is  aLso  found  outcropping  along 
the  banks  of  the  Muscatatuck  Kiver.  From  here  south  to  Crothersville  the 
land  is  quite  level  and  a  fairly  thick  layer  of  glacial  drift  and  river  fill  overlies 
the  shale.  Two  wJks  south  of  Crothersville,  in  the  bed  of  the  Museatatoek 
Rivw,  several  fc  't  of  the  shal  is  found  outcropping. 

Jennings  County.  The  eastern  outcrop  of  the  shale  extends  in  a  northwest 
by  southeast  direction  across  the  county  from  Scipio  in  the  northwest  to 
Champion  in  the  southeast.  From  this  line  west  the  .shale  is  found  covering 
the  entire  count\  oxccpt  aloiij-  .Sand  Creek,  Storm's  Creek,  and  the  Muscata- 
tuck River,  which  huvc  cut  through  the  shale,  more  so  in  the  eastern  part, 
to  the  underlying  limestone  below.  At  Scipio  about  five  feet  or  more  of  the 
Hamilton  limestones  outcrop  and  only  a  few  feet  of  the  shale  is  found  on  the 
hills  to  either  side.  A  short  distance  to  the  west  of  Scipio  the  shale  becomes 
much  thiekor  on  the  hills.  From  Queensville  south  to  Hasrden  in  the  bed  of 
Storm's  Creek  several  feet  of  the  limestones  are  found  outcropping,  the  con- 
tact between  the  shale  and  the  limestone  being  above  the  level  of  the  creek 
some  few  feet  At  Queensville  the  shale  is  about  twmty  feet  thick,  but  one-half 
mile  east  of  Hayden  the  hills  are  capped  with  ninety  feet  of  shale,  the  bottom 
of  the  formation  being  found  in  the  bed  of  the  creek  under  the  railroad  bridge 
east  of  the  town.  At  the  county  line  three  miles  west  of  Hayden  the  shale  is 
125  feet  thick.  In  the  vicinity  of  North  Vernon  and  Vernon,  the  Muscatatuck 
River  has  cut  from  thirty  to  forty  feet  below  the  base  of  the  New  Albany 
shale.   The  following  is  a  section  taken  one  mile  east  of  Vernon  at  Tunnd 


Mill: 


Soil   

New  Albany  shale 
Limestone   


10-20  fret 
10  feet 
4  feet 


*  The  raisiuK  of  the  water  level  by  n  Uiim  hus  uiMcurcd  Uteae  oittcropt. 
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In  the  lown  of  North  V^ernon  the  shale  is  about  twenty  feet  thick,  out- 
croppini;  alon^i;  the  D.  and  O.  railioiul  both  east  and  west  of  the  station  in 
the  city  limits.  About  one-half  mile  from  the  station  eai^t  on  the  B.  and  O. 
is  a  cut  in  which  the  lower  part  of  the  shale  is  exposed.    The  base  of  the 


Pluto  X.   Map  of  A  portion  of  Jcnnln?*  County,  showinir  the  outcrop  of  the  New  AUMtny  ah*]*. 
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cut  is  iibout  fifteen  feet  above  the  base  of  the  formation.  The  following  is  a 

section  taken  at  thi»  place: 

6  feet  0  inches,  black  shale. 

0  feet  1  indies,  leetanpilar  green  sandstone.  Pjrritic. 

0  feet  1  inches,  black  shale. 

0  feet  1  inches,  rectangular  green  sandstone. 

0  feet  2  inches,  Uaek  shale. 

0  feet  1  inches,  rectangular  green  sandstone. 

2  feet  0  inches,  black  shale. 

2  feet  0  inches,  blue-green  shale. 

0  feel  1  inches^  Une-erray  hard  limestone.  Pyritie  nodules. 
4  feet  0  inches,  gray  shale. 

Two  miles  east  of  North  Vernon  across  the  rivi  r,  as  much  as  twenty  feet 
of  shale  is  cxpost^d  in  a  B.  and  0.  railroad  cut.  The  highest  hills  about  here 
are  capped  with  shak^  iiaua%  less  than  twenty  feet  in  thickness.  The  follow* 
ing  section  was  taken  on  Jordanla  Branch  near  tiie  old  Kuehner  q:iuurry: 

Soil    15  feet 

New  Albany  shale    42  feet 

Limestone  

The  high  land  southeast  of  Vernon  aboat  Grayford  is  capped  with  shale 
up  to  a  Hiickness  of  thirty  feet,  but  more  often  less.  The  Muscutatuck  River 
flows  acTOFS  Jcnnincs  County  on  the  Devonian  limestones  to  within  three  miles 
of  the  west  side  ol  the  county,  where  due  to  the  dip  of  the  rocks  being  greater 
than  the  stream  gradient,  the  stream  flows  onto  the  shale.  Six  miles  south- 
west of  Hayden  alonjr  the  Mupcatatuck  is  found  a  forty-foot  bluif  of  shale 
which  ysua  ut  one  time  burains,  and  now  bears  the  name  '  Burning  Hill."  The 
diale  at  tiiia  plaee  has  been  qattTied  eztenriTdy  and  used  for  rpad  purposes. 
Between  North  Vemon  and  Ilaydcn  alonjr  the  railroad  thtro  is  from  ten  to 
fifteen  feet  of  drift  overlying  the  s>hale.  Several  cuts  between  these  two 
towns  show  good  exposures  of  the  shale.  Near  Lorett  the  shale  is  thin  and  is 
slip:htly  covered  with  drift.  I'a.^t  of  T^ovett  there  are  no  thick  and  extensive 
outcrops.  Coffee  Creek,  one  mile  west  of  Gommiskey,  has  cut  through  the 
shale.  The  thickness  of  the  shale  from  Gommiskey  to  Colf^  Credc  is  fkem 
thirty  to  fort>'  feet.  A  short  distance  west  of  Paris  Crossing  in  Section  80 
the  following  section  was  taken  along  Coifee  Credc: 

Sou    10  feet 


East  of  Paris  the  shale  is  very  thin,  capping  only  tha  highest  hilla.  From 
Paris  to  Deputy  the  shale  has  all  been  cut  away  by  Graham  Creek. 

Jefftrson  County.  Only  in  the  western  part  of  this  county  is  the  shale 
fonnd,  and  being  on  the  cnstsrn  side  of  the  antenip  dd«l  not  oieeed  forty 

feet  in  maximum  thickness.  From  Deputy  south  along  the  railroad  nn  occa- 
sional outcrop  is  found,  although  the  shale  is  present,  but  mostly  covered  with 
drift  The  shale  is  found  outcropping  along  Middle  VoUlc  dredc  In  Lancaster 
Township  and  on  Smock's  Creek  three  mile.s  west  of  Hanover.  It  is  reported 
the  shale  attains  a  thickness  of  forty  feet  along  Middle  Fork  Creek.  The 


New  Albany  shale 
Limestone   


40  M 
4  feet 
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outcrop  three  miles  west  of  Hanover  is  the  easternmost  outcrop  of  the  ahale 
known  to  the  author  in  this  state. 


PlaU*  XI.    Map  of  lh«  w««t«rn  part  ot  Jefferson  County,  BhowinK  the  outcrop  ul  the  New 

AJbrnar  riwie. 

Seott  Countv-  The  westeni  onterop  of  the  shale  in  this  county  runs  in  a 
freneral  line  from  one  mile  east  of  Austin,  south  through  Scott.=burg,  to  one  mile 
cast  of  Nabbs.  The  county  east  of  this  line  is  underlain  by  New  Albany  shale. 
At  Blocher  the  shale  is  forty  feet  thick,  becoming:  thicker  to  the  west,  where,  at 
Marshfield,  it  probably  attains  a  thickness  of  100  feet.  At  Lexington  the 
underlyinp  limestones  are  found  outcropping  in  the  bed  of  the  stream  that 
flows  to  the  west  of  the  town.  The  following  is  a  section  taken  just  west 
of  LenngtoD: 

SoU   16  feet 

New  Albany  shale.   40  feet 

Limestone   
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Two  miles  northeast  and  one  mile  west  of  Lexington  the  .shale  in  the  hills 
U  some  sixty  feet  thick.  East  of  Lexinprton  the  shale  is  thin,  occurring  only 
on  the  tops  of  the  highest  hills.  From  Lexington  west  for  five  miles  there  are 
several  outcrops.  About  two  niileii  west  of  the  town  is  a  quarry  and  another 
is  fomd  on  KimbttliniB  Creelc  Ave  miles  west,  each  diowing  llie  slwle  in 


Sco/e  of  M//ea 


Ptato  Zn.  Map  «f  •  prntloB  «f  Scott  Coantjr,  ■howiiis  tiw  onteroip  of  fhe  Now  AlNnqr  aiialfc 

good  exposures.  The  .shale  at  Kimberlin's  Creek  quarry  is  eighty  feet  thick. 
The  following  is  the  log  of  a  well  drilled  one-half  mile  east  of  Scottsburg: 

Soil   11  feet 

Boekford   1  foot 

New  Albany   118  feet 

Limestone   2  feet 

One  mile  ea.st  of  Scottsburjr  is  a  large  quarry  along  the  crock  showing  a 
twenty-foot  exposure  and  live  miles  due  north  is  found  another  good  outcrop. 
From  Scottsburg  north  to  New  Frankfort  there  are  several  outcrops.  Two 

miles  north  of  New  Frankfort  i-;  another  larjxo  <|uarry  showing  a  twenty- 
foot  exposure.  The  shale  here  in  its  entirety  is  probably  100  feet  thick,  as  it  is 
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near  the  western  edge  of  the  outcrop.  The  main  road  from  Lexington  to 
Nabbs  goM  over  several  hiUs  of  shale,  eodi  from  forty  to  sixty  feet 
showing  the  shale  to  be  at  least  that  thick  in  this  vicinity.  The  shale  north  of 
Scottsburg  to  the  Muscatatuck  River  probably  averages  seventy-five  feet  or 
more  m  thtekness.  There  are  many  onterops  between  these  two  points.  East 
of  Nabbs  toward  the  caftan  border  of  the  onterop  district  there  is  very  UtUe 
shale. 

Clark  County.  The  outcrop  in  thii>  county  lies  roughly  between  Fourteen 
Mile  Creek  in  tiie  east  to  Silver  Creek  in  the  west  On  the  road  cast  tiuovgh 

Marysville  for  two  miles  there  are  several  outcrops  and  one  quarry.  The 
eastern  limit  of  the  outcrop  does  not  extend  beyond  Fourteen  Mile  Creek  in  this 
▼idnity.  NorUiweat  of  Marysville  one  and  one-half  miles  in  Section  264,  at 
Split  Stump  Quarry,  twenty  to  thirty  feet  of  shale  is  exposed.  A  well  spventy- 
8ix  feet  deep  here  had  not  gone  through  the  shale.  One-fourth  mile  south 
of  tiiis  village  an  ooterop  is  foand  in  the  bed  of  a  small  stream  and  two  miles 
south  one  of  the  larjct-'st  quarries  is  located,  showinj?  a  thirty-foot  exposure. 
The  shale  is  present  but  thin  on  the  high  land  between  Otisco  and  Fourteen 
Mile  Creek.  Between  Otisco  and  HenryviUe  there  is  a  good  tiridoiess  of  shale 
and  several  extensive  outcrops.  From  Henryville  north  for  two  mile-s  alonK 
the  creek  bed  there  are  extensive  outcrops  of  shale.  The  shale  outcropping 
along  this  stream  is  of  the  upper  twenty  feet  of  the  formation.  At  the  State 
Forest  Besorve,  one  mQe  north  of  HeniyviUe,  the  f oUofwing  wdl  record  was 
obtained: 

Clay    22  feet 

Soapstone    40  feet 

Slate    184  feet  6  inches 

Limestone    6  feet 

Slate    7  feet 

The  forty  feet  of  soapstone  is  the  Mew  Providence  shale  of  the  Knobstone 
group.  The  total  thickness  of  the  diale  is  diotni  here  to  be  at  least  1S4  feet 

6  inchcH,  The  writer  doubts  the  pre si  lue  of  five  feet  of  limestone  at  the  iiase 
of  the  formation  and  believes  this  to  be  an  error.  In  Henryville,  which  is 
somewhat  lower  than  the  location  of  this  well,  the  shale  is  seventy-five  feet 
thick  as  disclosed  by  several  wells  which  have  been  drilled  through  it.  South 
of  Henryville,  about  one-fourth  mile,  a  forty-foot  exposure  of  shale  is  found 
at  the  top  of  of  which  is  the  Uockford  limestone.  The  following  section  was 
taken  one-half  mile  south  and  one  mile  east  of  HenryviUe: 

Brown  dioeolat»«Blored  shale   15  feet 

Blue-green  shale   feet  8  inches 

Black  shale   feet  4  inches 

Blue-green  shale   feet  4  inches 

Black  shale   feet  6  inches 

Blue-prreen  shale   feet  12lneiiea 

Blacli  shale                                                10  feet 

The  blue-green  shale  shown  here  is  not  uncommon  in  the  formation  and 
rarely  attahis  a  thickness  greater  than  rnie  foot,  except  in  tiie  nortiiem  portion 

of  the  state  near  Delphi.  Retween  Henryville  and  Memphis  outcrops  are  abun- 
dant in  the  stream  valleys.    Two  miles  west  of  Memphis  the  New  Providence 
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shale  is  found  capping  the  hills.  In  Section  203,  one-fourth  mile  northwest 
of  Memphis,  a  well  record  shows  the  dtale  to  be  eigrhty-eight  feet  thick  with 
no  overburden.  Fiom  Otisco  south  to  Charlestown  the  shale  at  its  thickest  is 
only  forty  feet,  while  at  Churlestown  and  along  the  stream  flovring  southwest 
to  Silver  Creek,  the  underl>nng:  limestones  are  found  outcropping.  There  is 
but  little  shale  cast  of  Chnrlestow-n.  Between  Charlestown  and  Sellersburg  the 
hill  tops  are  capped  with  .shale,  the  maximum  thickness  being  about  fifty  feet. 
Around  Selleriiburg  and  Speeds  in  the  bed  of  Silver  Creek  the  extensive  out- 
crop of  the  Silver  Credc  limestone  is  made  use  of  for  cement.  The  limestones 
outcrop  alonp  Silver  Crook  nearly  as  far  north  as  Memphis  and  south  to 
where  the  Pennsylvania  railroad  bridge  crosses  Silver  Creek  in  Section  48 
about  three  miles  south  of  SdJersburff.  Mang  fho  doetrie  railway,  north  from 
Speeds  about  two  miles,  is  an  outcrop  showing  the  contact  between  the  under* 


Plate  XIV.    Map  of  the  caslfrn  part,  of  Kluyd  County,  MhuwinK  the  outcrop  ot  the  New  Albany 

■balft. 

lyinpT  limestone.s  und  the  New  Albany.  There  are  also  sereral  other  outcrops 

in  Sections  149  and  167. 

Floyd  County  and  tlie  Ohio  River  Diatriet.  Outcrops  occur  all  along  tlie 
Ohio  River  and  Inflowing  streams  from  less  Hian  em  mile  above  the  mouth  of 

Silver  Ctcck  foi  five  niilc.^  down  the  river.  It  is  wdl  eacposed  in  many  places, 
especially  in  Silver  Creek  and  along  the  banks  of  the  Ohio  from  the  K.  and  L 
bridge  to  the  mouth  of  Silver  Creek.  Under  the  K.  and  I  bridge  twenty-five 
feet  is  exposed  on  the  river  bank  at  low  water  and  from  fifteen  to  thirty  feet 
along  Silver  Creek  near  its  mouth  which  at  this  place  has  cut  a  forge  into 
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the  shale.  In  Falling  Run  Creek,  which  flows  at  the  foot  of  the  Knobstone 
escarpment  at  the  western  edge  of  the  city  of  New  Albany,  six  feet  of  the 
top  of  tiw  formation  is  exposed  abovie  low  water.  Above  this  lies  175  feet 
of  the  bluff-forminjr  Knobstone  rocks.  The  total  thickness  of  the  shale  at  New 
Albany  at  the  foot  of  the  escarpment  is  104  feet.  {Dr.  Clapp,  Ind.  Geol. 
Sur.,  1873.)  In  the  city  of  New  Albany  there  is  a  thicknesfl  of  about  fifty 
fof't  of  .'ihale  above  low  water  level.  North  of  New  .Albany  on  the  main  road 
to  Seliersburg,  in  Sections  44,  68,  and  64,  there  are  several  excellent  outcrops 
where  the  small  streams  tributary  to  Silver  Creek  have  cut  deeply  into  tiw 
f-hale.  In  .Si  ( (ion  44,  on  the  west  .side  of  Silver  Creek,  seventy  feet  <lf  shale 
occurs  as  a  bluff.    The  place  i.s  known  as  the  "Devil's  Stop  off." 

Carroll  County.  The  bhale  in  this  county  its  found  outcropping  along  the 
Wabash  River  at  Delphi  and  from  tiiere  ten  miles  east  akmer  tiie  river.  The 
formation  in  this  northern  part  of  the  state  apparently  contains  more  blue 
and  green  shale  than  in  the  southern  part  of  the  state.  The  following  section 
will  give  some  idea  as  to  this: 

Drift    7  feet 

Bluish  black  shale,  shrety  and  tOttgh   45  fOOt 

Drab  grayish,  slightly  sandy   4  feet  6  inches 

Band  of  gray  colored  concretions   6  feet  4  inches 

Drab  colored  sandy  shale   10  feet  6  inches 

Bluish  gray  sandstone   4  feet  10  inches 

Drab  colored  sandy  shale   5  feet  6  indies 

Covered    5  feet  6  inches 

Devonian  limestone    8  feet 

The  shale  also  outcrops  at  Monticello  in  Wliite  County  north  of  this 
region.  At  Boekfidd  thirty  faet  of  blade  shale  is  found  outon^ing  along  a 
creek  that  ilowa  just  jtarOi  of  the  village.  The  following  aeetion  was  taken 
here:  .  , 

Black  shale   20  feet 

Blue  shale  feet   4  inches 

Black  shale   5  feet  .  .  inches 

Blue  shale  feet   0  inches 

Black  diale    6  feet  . .  indiea 

Blue  limey  day  with  limeHtone  concretions    2  feet  . .  indMs 

The  upper  section  was  taken  from  Kindle.  Ind.,  Dept.  of  GeoL  and  Nat. 

Resources,  2s)th  Kep.,  p.  533. 


Chavisb  IV. 

RESULTS  OF  EXPERIMENTS  ON  THE  NEW  ALBANY  SHALE. 

RETOBTWa. 

Kindn  of  reto^rts  used.  Different  kinds  of  retoils  have  been  used  in  the 
laboratory  distiUation  of  tiie  shales  mentioned  in  this  report  A  retort  con- 
structed of  a  six-inch  section  of  a  three-inch  malleable  iron  pipe,  capped  at 
both  ends,  with  one  cap  removable,  was  first  used.  Dufficulty  was  had  keep- 
ing this  retort  from  leaking  and  it  was  discarded.  An  iron  mercury  retort 
of  one-half  pint  eapadty  was  then  employed.   The  cap  of  thia  retort  is 


Digitized  by  Gopgle 


mo 


Depastmbnt  op  Oonsbbvation 


machined  to  fit  the  top  and  is  fastened  by  a  clamp.  The  delivery  tube  leads 
from  the  top  of  the  lid.  This  is  a  stock  retort  carried  by  most  laboratory 
supply  companies.  This  tj'pe  of  retort  was  used  by  the  United  States  Geo- 
lopical  Survey  in  its  field  work  on  the  western  oil  shales.  A  complete  descrip- 
tion of  the  retort  and  its  use  may  be  found  in  Bulletin  641,  p.  147.  The 
rttorl  is  eapaUe  of  taking  a  charge  of  about  240  gmma  or  eight  ounces  of 
shale.  The  retort  i.«  hrntod  in  the  field  by  prasoline  burners  or  by  Meeker  or 
Fisher  burners  in  the  laboratory.  It  is  difficult  to  get  the  retort  heated  to  as 
higli  a  temperature  as  sometiiiMs  desired,  bat  by  proper  insulation  this  may  be 
done. 

In  order  to  employ  steam  in  the  distillation,  a  one-half  pint  iron  retort, 
as  deseribed  above,  was  aecured  and  a  small  hole  drilled  in  the  side  near 

its  base.  Into  this  hol^  after  it  was  threaded,  was  screwed  a  one-eiphth  by 
six  inches  brass  tube  so  that  the  inner  end  of  the  tube  came  to  the  middle 
of  the  inside  of  the  retort.  To  the  other  end  of  the  brass  tube  was  connected 
a  rubber  tube  or  .steam  line  which  in  turn  was  connected  to  a  steamer.  To 
super  heat  the  steam  a  Bunsen  burner  with  a  wing  top  was  placed  under  the 
brass  tube  up  near  to  the  retort.  This  retort  so  connected  with  the  steamer 
gave  very  good  resuHc. 

An  iron  mercury  retort  of  about  two  g-allons  capacity  and  similar  in 
shape  to  that  mentioned  above,  capable  of  taking  a  charge  of  at  least  four 
pounds  of  shale  was  also  used.  The  lid  of  this  retort  was  madained  to  At  the 
top  of  the  bowl  and  fastened  down  by  several  bolts.  The  outlet  for  the 
vapors  was  a  two-inch  pipe  fitted  in  the  top  of  the  lid.  This  outlet  pipe 
reduced  from  two  inches  to  three-fourths  inch  to  fit  the  condenser  tube. 
Through  the  top  of  the  lid,  standing,'  vertically,  was  a  three-eighths  inch  by 
three  feet  iron  rod  enclosed  in  a  one-inch  pipe,  the  lower  end  of  which  had 
two  arms,  the  upper  end  of  whidi  was  fltted  with  a  wheel.  This  rod  was 
revolved  by  a  motor  connc<  !t  il  wiili  tlie  wheel  by  a  belt.  This  fixture  was 
used  to  stir  the  mass  of  shale  in  the  retort  during  distillation.  Two  thermo- 
meters, encased  in  metal  jackets  and  slotted  to  permit  reading,  were  also 
placed  in  the  toj)  of  the  retort.  One  thermometer  extended  down  into  the 
mass  of  the  shale  and  the  other  extended  into  the  mouth  of  the  outlet.  ThttS 
the  temperature  uf  the  .shale  mass  and  of  the  outgoing  vapors  was  had. 

For  the  small  retorts  an  ordinary  twenty-inch  glass  laboratory  condenser 
was  u.sed,  supplied  with  runninp  water  from  the  faucet.  For  the  larpc  retort 
a  three-fourths  inch  copper  tube  six  feet  long  wound  in  spirals  and  placed 
in  a  fifteen-gallon  can  of  water  was  used.  Both  of  these  condensers  gave 
satisfactory  re.^ults. 

The  retort  recently  described  by  L.  C.  Karrick  of  the  Bureau  of  Mines 
was  also  used.  This  retort  has  been  adopted  as  standard.  It  is  essentially 
the  same  as  the  above  mentioned  retorts  with  the  (  xer i>tion  of  a  reflux  con- 
denser and  the  delivery  tube  wliich  fits  close  to  the  retort.  The  capacity  of 
this  retort  is  one  pint. 

refiqwratHre.  In  destructive  distillation  of  the  New  Albany  shale  without 

steam  more  than  one-half  of  the  oil  obtained  comes  ofT  bi  tween  the  tempera- 
tures of  75U  degrees  and  850  degrees  F.  The  oil  usually  begins  to  come  off 
at  about  000  degrees,  while  usually  most  of  the  water  comes  off  at  a  lower 
temperature.  Above  850  degrees  the  remainder  of  the  oil  comes  off  and  is  of 
a  slightly  higher  pacific  gravity.   By  allowing  super-heated  steam  to  pass 
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into  the  retort,  a  larjfer  yield  of  oil  may  be  had  at  a  lower  temperature. 
At  no  temperature  below  red  heat  has  this  shale  shown  any  tendencies  to 
coke  or  intnnMseo. 

Time  of  distillatimi.  In  usinpr  the  small  one-half  pint  retort,  at  the  end 
of  one  and  one-half  hours  if  the  temperature  is  up  to  1,000  degrees  F.,  ninety 
per  cent  or  more  of  the  oil  has  been  extracted.  Better  results  have  been  had 
by  heMng  up  slowly  until  the  oil  begins  to  come,  then  more  rapidly.  At  no 
time  should  the  heat  be  applied  so  fa-st  that  a  white  gas  forms.  The  greater 
the  quantity  of  this  gas  the  smaller  the  quantity  of  oil.  For  complete  dis- 
tillation, obtaining  tiie  total  yMd  of  oil,  gas,  and  ammonia,  the  retort  sbonld 
be  heated  slowly  at  first  until  the  oil  begins  to  come  off,  then  more  rapidly 
until  the  temperature  has  arisen  to  about  1,100  degrees  F.,  after  which  the 
heat  may  be  applied  as  fast  as  desired,  for  at  this  temperature  aU  of  tin  ell 
should  have  been  extracted.  It  will  usually  take  from  one  and  one-half  to 
two  hours  for  a  distillation  to  obtain  oil  alone  and  from  three  to  four  hours 
to  get  all  liie  ammonia  and  gas.  . 

Rates  of  dbtUUtHon.  The  rate  of  distillation  depends  upon  tiie  amomt  of 
heat  available  for  the  retort,  the  material  and  thickne.^s  of  the  sides  of  the 
retort,  and  the  size  of  the  charge  and  its  distribution  within  the  retort  It 
is  wdl  not  to  try  to  hasten  a  distillation  by  applying  the  heat  too  rapidly  at 
first  or  before  the  first  oil  ha.^;  appeared.  The  best  guide  is  the  formation  of 
excessive  gas.  Too  rapid  application  of  heat  will  cause  more  gas  to  be  formed 
and  less  oil.  A  little  experience  will  enable  one  to  judge  nicely  the  rate 
of  distillation.* 

Site  of  parfieles.  The  size  of  any  piece  of  shale  in  the  retort  should 
be  small  enough  that  the  temperatures  of  all  parts  of  it  shall  reach  the 
maxiiiram  temperature  of  the  retort.  A  piece  of  shale  may  be  so  large  that 
its  interior  will  not  be  as  hot  as  its  exterior  due  to  the  insulation  afforded 
by  this  exterior  part.  It  is  obvious  that  if  the  inner  part  of  a  piece  of 
shale  is  not  brought  to  a  temperature  high  enough  to  volatilize  the  bituminous 
matter  in  the  interior  the  yield  of  oil  will  not  be  as  high  as  it  should.  The 
thermal  conductivity  of  the  New  Albany  shale  is  about  the  same  as  that  of 
limestone  or  iire-clay  brick,  which  is  relatively  low.  Theoretically  the  finer  the 
division  of  flie  shale  tiie  mors  complete  the  distillation.  Tlds  holds  true  witiiin 
certain  limit.'^.    The  table  below  tends  to  show  that  the  needs  not  be 

crushed  finer  than  one-fourth  inch.  For  this  experiment  a  sample  of  fresh 
shale  was  cmahed  and  qnartered.  TIte  pleees  of  one-half  inch  sise  were  hand 
picked  at  random  from  one  portion.  The  remaining  portion?  were  crushed  and 
ground  to  the  sizes  to  be  used.  The  experiment  was  conducted  by  using  the 
standard  apparatus  of  fhe  Bureau  of  idnea. 


*  Bxperlnimtal  worit  Imb  linee  aliowii  the  amount  of  oil  produced  from  a  sivcn  aample  cm 

)i<-  m>u\<        vHi  y  ns  much  »•<  K'',  )>y  varying  th«  nt»  «f  Mtoatiac.   The  luSMt  rlcU  ii  oMsiBCd 

when  the  rctortiriK  time  is  about  1^  hours. 


Sise  of  mesh 
H  inch  

Through  M  inch  on  14.. 
Through  14  inches  on  20 
Finer  tiwn  60  


Amount  used  Gallons  of  oil 


8%  ounces  12.00 

8^4  ounces  18.00 

8^  ounces  18.00 

8%  ooneea  18.SS 
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I^ABTMENT  OF  CONSBBVATION 


When  the  shale  is  ground  m  that  a  quantity  of  it  is  finer  than  100  taesh 
the  vapor  from  the  retort,  when  steam  is  vaed,  carries  over  with  it  into  the 
condenser  some  of  this  fine  material.  The  carrying  ovoi  of  fine  material  must 
be  guarded  against  in  commercial  practice.  The  size  of  pieces  of  New  Albany 
shale  to  he  used  in  eommercial  retortB  will  vary  with  the  retort,  hut  it  will 
best  be  determined  by  experimentation  after  the  rttorl  is  in  use.  It  is  the 
writer's  opinion  that  the  sizes  for  a  comiiMrcial  retort  should  not  be  larger 
than  one- fourth  inch. 

Oil  From  trb  Nbw  Albany  Shalb. 

How  produced.  When  the  .shale  in  the  retort  is  subjected  to  heat  the 
bituminous  matter  volatiliies.  The  volatile  vapors  are  conducted  from  the  re> 

tort  into  a  condonsrr  whove  omp  of  the  vapors  are  condensed  to  oil,  some 
go  on  through  the  condeniser  Sis  inflammable  gas,  and  some  go  through  as  am- 
monia. The  vapors  that  do  not  condense  are  called  permanent  gaaesw  Tlie 
amount  of  oil,  its  compcsition,  and  the  amount  of  tfa.**  and  its  composition,  and 
the  amount  of  ammonia  all  vary  according  to  the  manner  in  which  the  shale 
is  retorted.* 

Quant  Hp.   Tho  N«w  AUmuiv  shale  yields  from  fix  to  fourteen  gallons  of 

oil  per  ton.  These  fijnires  are  vt  ritifd  by  many  experiments  on  samples  from 
many  different  parts  of  the  lihale  area.  Samples  collected  from  outci'ops  such 
as  bluffs,  ditches,  and  tho  beds  of  streams*  are  net  usoally  entirely  free  from, 
weathering:,  havintr  lost  some  of  the  bituminous  matter,  and  consequently  yield 
less  oil.  Weathering  alfects  the  shale  on  most  outcrops  to  a  depth  of  from  two 
to  three  feet  and  a  sample  taken  from  depths  less  than  three  feet  cannot  be 
said  to  he  fresh  .sample  and  representative. 

The  following  table  >fives  the  results  of  analysis  of  samiiles  collected  at 
Now  Albany.  The  first  two  are  from  Fulling  Run  Creek  and  the  la.st  two 
from  the  K.  and  L  bridge^  Sample  4  was  cut  only  six  inches  deep  and  the 
others  probaMy  not  deep  enouj^h  to  >fet  the  freshest  sliale.  The  s.amples  were 
collected  by  Geo.  H.  Ashley  and  Chas.  Butts,  analyses  made  by  D.  T.  Day.  (U. 
&  Gedlocieal  Sarvegr,  BoU.  641,  p.  819.) 


Sample 

Amowit 

Ofl 

Water 

Gas 

AmmoQU 

No. 

Used 

Gallons 

Gallons 

Cu.  ft. 

Pounds 

1 

0  oz. 

3  5 

6.6 

719 

.08 

2 

U  ox. 

0.1 

4.1 

058 

0. 

3 

9  OS. 

4.9 

8.4 

1007 

0. 

6 

60s. 

11.9 

6.3 

1197 

0. 

The  writer  does  not  believe  these  samples  to  be  representative  of  the 

New  Albany  shale  as  a  whole. 

The  following  anal3rse8  made  by  Ray  by  the  steam  distillation  are  of 

samples  collected  on  outcrops,  but  fairly  fresh.  The  amount.s  of  ammonium 
sulphate  are  .somewhat  large  as  they  include  pyridine  and  other  alkali  com- 
pounds possibly  present. 

*  It  liHn  sincv  bit-ri  shnu  n  by  McKcc  and  Lydcr  that  the  lirst  product  of  decom|>osition  is  • 
hmvT  somi-aolid  bitumen,  soluble  in  beraeae  Mid  cariMR  UnUUt.  Tlie  ftamwUiM  of  the  oB  ia 
•  mniH  of  the  crockiiut  of  thU  bitttimn. 
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Aiiuiioiiiuin 


Oil 

Gas 

Sul[)li.itc 

*  ;  Fixed 

'V  Volatile 

%A8ll 

Gallotis 

Cu.  ft. 

I'ounUii 

('nrbon 

10.00 

m 

28.5 

0.25 

12.84 

80.  lU 

12.75 

912 

22.2 

8.50 

13.14 

78. 3« 

18  00 

is;{r» 

•JO  4 

(■)  (M) 

22.81 

70  2!i 

9.50 

570 

38.4 

8.00 

10.90 

81.10 

9.50 

886 

35.5 

4.00 

9.50 

86.50 

16.50 

1350 

22.4 

7  W 

IS  (M) 

7li  »0 

12  00 

24  0 

s 

10  to 

The  foUowini;  analyses  were  made  by  the  author,  using  the  standard 
appsratos  of  the  Bumiii  of  Mines.  Samples  7,  8»  and  9  were  weathered. 


datiiplu 

Aiiii.)Uiit 

Oil  in 

Wtitor  in 

Number 

Used 

Gallons 

Gallons 

1 

S'  j  oz. 

13  0 

9.0 

2 

8^-2  U2. 

14.0 

3 

8H  OS. 

11.0 

7.0 

4 

8'  -2  oz. 

0.0 

6 

8»  2  oz 

12.0 

5.5 

6 

SJ^os. 

13.0 

7.0 

7 

8J40S. 

9.0 

{>..T 

8 

8*4  OS. 

7.5 

8.0 

9 

8Hos. 

7.5 

7.0 

10 

8'  2  "Z. 

K!  .') 

G.O 

11 

S>  2  "Z- 

HI  0 

.{0 

The  samples  came  I'rum  the  following  places:  No.  1,  near  Crothersville. 
No.  2,  same  as  No.  1.  No.  8,  Section  44,  Floyd  Connty,  two  miles  northeast 

of  New  Albany.  No.  4,  Blocher.  No.  5,  Lexington.  No.  6,  Vinegar  Mill, 
North  Vernon.  No.  7,  two  and  one-fourth  miles  west  of  Commiskey.  No.  8, 
one  and  throe-fourths  mile.9  north  of  Blocher.  No.  9,  Blue  River  Township, 
Burtholonuw  (  nuiity.    No.  10,  "Buminer  HiU,"  six  miles  south  of  Haydea. 

No.  11,  Rockfield,  Carroll  (Viunty. 

Composition  of  Uie  oil.  The  oil  from  this  shale,  as  said  before,  varies 
according  to  the  manner  in  which  it  is  retorted.   An  oil  formed  hy  fast  and 

hijjh  hcatin^r  i.s  apt  to  have  a  larper  ptMccntaj^e  of  un.saturat<Hl  hyilrorarlwn.'J 
than  one  formed  by  applying  the  heat  more  slowly.  It  is  thought  that  the 
composition  of  the  oil  is  dissimilar  to  the  primary  compounds  in  the  diale, 
this  difference  beinp  due  to  reactions  between  certain  compounds  during  or 
after  volatilization.  The  average  specific  gravity  of  the  oil  \s  25  degrees 
Baumt,  or  .9032.  It  will  often  vary,  the  specific  gravity  ranging  from  .8900 
to  .9100. 

The  following  is  the  result  of  the  fractionation  of  a  sample  of  oil  from  the 

New  Albany  shale: 

Began  to  boil  at  65  degrees  C. 


160  degrees  C   18.48% 

200  doprces  C   13.12^ 

250  degrees  C   15.31% 

300  d^rrees  C   85.81% 

Tar  aad  loss  *   17.88% 
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Depastiient  op  Gonsebvation 


The  amount  of  unsuturated  hydrocarbons  varies  somewhat  but  averages 
40  per  eent  in  fhe  feaetionB  up  to  800  d^n^ees  C.  Aceordinif  to  q[uaiititativ« 
analyses,  made  by  Mr.  Bay,  the  oil  contains  from  2  per  cent  to  ')  per  cent 
pyridine  and  pyridine  bases.  Most  of  the  pyridines  are  low  boiling.  Creosote 
in  the  ell  varies  from  1  per  cent  to  2  per  eent  and  phenol  from  none  to  %  per 
cent.  Benzene  has  been  found  in  tracer  in  the  low-boilinp  fractions.  No 
anthracene  has  been  found,  although  very  delicate  tests  have  been  made  for 
it  The  <A\  contains  a  fairly  lar^e  per  cent  of  sulphur  and  salphnr  com- 
pounds. One  sample  anal>'zed  contained  2.84  per  cent  sulphur.  The  heating 
value  of  one  sample  was  19,200  B.T.U.s  per  pound.  It  is  thought  that  this 
Sttlphttr  cornea  from  org^anic  compounds,  as  the  temperature  in  the  retort  is 
not  high  enotti^  to  aifect  the  iron  pyrite  of  the  shale.  The  amount  of  sulphur 
in  the  shale  runs  tttm  2  per  cent  to  4  per  cent*  mostly  in  the  form  of  pyrite. 

Gas. 

The  gaa  i^ven  off  in  tiie  distillation  eomes  ftom  ^e  non-eondensable  por^ 

tion  of  the  vapors  formed  by  the  volatilization  of  the  bituminous  matter.  The 
following  is  an  average  analysis  of  the  gas,  the  sample  being  taken  in  three 
parts;  at  a  low  temperature,  middk  temperature,  and  high  temperature  (by 


Bay:) 

Hydrogen  sulphide    88.1  per  cent 

Carbon  dioxide  5  per  cent 

Sulphur  dlogdde   1.1  per  eent 

Carbon  monoxide    1.2  per  cent 

Heavy  hydrocarbons,  ethene,  acetylene,  etc. .  •  5.5  per  cent 

Hydrogen    7.6  per  eent 

Methane^  etc    46.0  per  cent 


In  the  gas  taken  off  at  low  temperature  about  50  per  eent  is  hydrogen 
sulphide,  while  at  the  end  of  the  distillation  little  hydrogen  sulphide  is  given 
off.  It  is  probable  that  at  a  higher  temperature,  more  carbon  monoxide  would 
be  formed. 

The  follo\N'incr  is  an  analysis  of  the  gBS  made  by  passing  steam  tbnmi^ 


the  retort  when  at  hiph  temperature: 

Hydrogen  sulphide    36.0  per  cent 

Carbon  dioxide   1.8  per  cent 

Sulphur  dioxide    1.5  per  cent 

Carbon  monoxide    2.8  per  cent 

Heavy  hydrocarbons,  ethane,  aeetylene,  etc.. .  8.4  per  eent 

Hydrogen    10.0  per  cent 

Methane,  etc   39.0  per  cent 


The  amount  and  composition  of  the  gas  produced  varies  with  the  rate  of 
retorting  and  with  the  final  temperature  reached.  The  amount  varies  from 
500  to  1,800  cdUc  feet  Ite  net  beating  value  avenges  760  B.T.U.S  per  enbie 

foot. 

Duden,  in  bis  study  of  the  shale,  gives  the  following  results:  (2l8t 
AxL  Bept  Dept  «t  Geol.  and  Nat  Besourees,  1806.) 

5  pound.<  ritt.'^burR  coal   105  g:allon8  of  gas 

8.5  pounds  black  slate   45  gallons  of  gas 
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8.5  pounds  black  slate,  Ohio  banks   50  gallons  of  gas 

8.5  poun(b  black  slate.  Falling  Run  banks   65  gallons  of  gas 

16j0  poanda  fraahly  bitdcen  slate   106  gaUom  of  gas 

16.0  poaiKb  of  same  after  exposure  to  air  for  14  days. ...  100  gallons  of  gas 

Dttden  also  quotes  from  a  letter  describing  an  experiment  in  the  produc- 
tion of  gas  at  the  New  Albany  Gas  Light  &  Coke  Company's  plant:  "I  car^ 
bonized  three  tons  of  the  New  Albany  black  slate  and  obtained  a  yield  of  2^ 
cubic  feet  per  pound  of  22  candlepower  gas.  Ordinary  unenriched  coal  gas  is 
about  18  candlepower.  The  quality  of  the  gas  is  therefore  better  and  the 
yeld  45  per  cent  of  that  obtained  from  Pittsburg  coal.  .  .  .  With  tlie 
anrangement  we  have  for  making  gas,  it  would  not  pay  us  to  use  the  slate, 
even  if  wp  could  obtain  it  for  nothing.  The  slate  was  obtained  from  near  the 
exposed  surface  of  a  creek  bottom,  and  I  am  sure  that  if  a  sample  was  gotten 
at  a  greater  dep1li»  a  mudi  better  yidd  of  gas  would  be  obtained." 

AMMONIA. 

From  the  results  of  several  analyses  made  of  coal  and  cannel  coal,  Clarke, 
in  his  Data  of  Geochemistry  (U.S.G.S.  Bull.  616),  infers  that  plant  ronains 
have  contributed  but  a  small  part  of  the  nitrogm  contained  in  coals  and  cannel 
coals.  He  then  concludes  that  the  obvious  source  of  the  nitrogen  is  animal 
matter,  and  points  out  in  support  of  this  the  presence  of  flsh  remains  in  cannd 
coal.  However,  large  amounts  of  nitrogen  have  been  found  in  coal,  cannels, 
and  certain  shale.';  in  which  no  evidence  of  animal  life  is  found.  This  docs 
not  prove  though  that  no  animal  remains  contributed  to  the  nitrogen  of  coal  or 
shale; 

The  nitrogen  exists  in  the  New  Albany  shale  probably  in  compound  with 
organic  substances.  When  these  compounds  are  heated  they  break  down,  part 
of  the  nitrogen  forming  ammonia  and  part  engaging  itsdf  witii  other  secon- 
dary hydrocarbons.  It  is  thought  that  when  hot  steam  is  let  into  the  still 
hotter  mass  of  shale,  some  of  the  hydrogen  of  decomposed  water  is  set  free 
and  unites  with  the  nitrogen,  thus  forming  a  larger  yield  of  ammonia. 

When  the  ammonia,  in  mixture  with  the  other  gases,  has  been  scrubbed  it 
is  fixed  as  ammonium  sulphate  by  sulphuric  acid.  This  is  done  by  passing 
the  ammonia  into  the  precipitating  tank  which  holds  the  add. 

Only  a  few  analyses  of  the  nitrogen  of  the  New  Albany  ihale  have  been 
made.  By  Kjcldahl's  method,  Mr.  Ray  obtained  from  three  somewhat  weath- 
ered samples,  total  nitrogen  in  the  following  quantities:  .34  per  cent,  .47  per 
cent,  and  .46  per  cent.  Two  analyses  made  by  the  author  of  fresh  samples 
gave  1.04  per  cent  and  1.20  per  cent.  These  amounts  calculated  as  ammonium 
sulphate  will  run  from  30  to  60  pounds  per  ton.  However,  in  commercial 
practiee  probably  not  more  tiiaa  one-half  of  the  total  idtrogen  will  be  iceover- 
aUe,  which  would  reduce  the  above  figures  considerably. 

Othek  Bt-Prodvcts. 

Potath.  No  extensive  attempts  have  been  made  to  determine  the  potash 
content  of  the  New  Albany  shale.  The  only  potash  that  could  be  profitably 
<  xtr:irtrr!  is  that  in  the  form  of  water  soluble  salts.  One  analysis  of  the  shale, 
after  having  been  retorted  at  a  high  temperature,  gave  1.3  per  cent  of  water 
solttUe  KiO  (potasshun  oadde).  This  is  thou^t  to  be  a  little  high.  Two  other 
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Department  of  Conservation 


analyseB  of  the  same  Idnd  gnve  less  than  1  per  cent  water  soluble  KiO.  S^- 
tensive  dafans  have  been  made  by  a  company  for  potash  in  the  same  fonna- 
tkn  at  Clay  City,  Kentucky,  the  yields  by  analjrsis  running  as  hi|^  as  SO 
pounds  per  ton. 

The  potash,  if  it  exists  in  quantities  to  niakt  il  profitable  to  extract,  will 
be  obtained  by  the  hot  shale  from  the  retort  into  water.    The  water 

takinjr  the  .-ohible  .salts  of  potash  in  -olution  is  then  concentrated  and  the 
6a\t^  precipitated.  The  potash  thu.s  obtained  is  probably  in  the  form  of  potas- 
sium chlorate  or  sulphate  in  the  presence  of  other  water  soluble  salts  as 
calcium  and  lithium.    The  whole  mass  of  salt  is  then  sold  on  a  K  O  basis. 

Other  analysis  of  the  total  potash  and  water  soluble  potash  are  being 
made,  but  at  this  time  are  incomplete.* 

Other  by-products  have  born  supjrested  from  the  shale  anf!  shale  ash, 
such  as  use  of  ash  for  cement,  paint,  and  road  materiaL  The  use  of  the  re- 
torted ash  for  road  material  seems  most  feasible  and  would  help  to  di.spose 
of  it.  The  shale  has  been  and  is  (juarricd  and  used  for  road  building:  in  the 
shale  area  and  makes  a  fairly  good  road  bed.  The  ash  may  be  used  for 
eement,  but  the  eaqimae  of  handling  and  erection  of  a  plant  makes  it  im- 
practicable. The  finely-ground  shale,  mixed  with  heavy,  quick-drying  oils 
might  be  put  to  use  as  a  rough  paint. 

The  follovring  is  an  analysis  of  the  ash  dried  at  IIU  degrees  C: 

SiO  65.03  per  cent    TiO>    1.02  per  cent 

CaO    1.26  per  cent    Na:0    .91  per  cent 

Fe-O,   14.84  per  cent     KjO   72  per  cent 

AljOj   13.96  per  cent     LiiO   58  per  cent 

MgO   1.32  per  eent  Loss  on  ignition.  1.81  per  cent 

PiOt   08  TMT  cent   

SOs  22  per  cent  UU.TS  per  cent 

Chapter  V. 

ASPECTS  OF  THE  NEW  ALBANY  SHALE  AS  AN  OIL  PRODUCER. 

There  are  problems  not  mentioned  before  in  this  report  which  must  be 
solved  before  oil  from  the  New  Albany  shale  can  be  profitably  extracted,  re- 
fined, and  marketed.  It  must  be  considered  in  the  beginninj^  that  all  oil  shales 
are  not  similar,  and  that  certain  methods  of  distillation  applicable  to  one  shale 
are  not  necessarily  to  another.  A  retort,  distilling  Colorado  shales,  may  have 
a  high  effleieney,  but  by  distilling  New  Albany  shale  the  efficiency  of  the  same 
retort  may  be  quite  low,  becau.^e  most  rolo7"ado  shales  arc  dissimilar  to  the 
New  Albany  shale.  Oil  produced  from  different  shales  or  from  the  same 
shale  by  different  types  of  retorts  are  very  apt  to  vary  in  composition,  Hius 
requiring  different  treatment  in  refininj;.  It  must  also  be  borne  in  mind  that 
methods  and  types  of  retorts  will  differ  according  to  the  primary  product  de- 
sired from  the  shale  or  oil.  It  is  generally  conceded  tiiat  an  oil  containing  the 
larpe-st  amount  of  gasoiline  and  lubricants  is  desired,  but  this  may  not  always 
be  the  case.  Those  expecting  to  establish  the  industry  in  Indiana  can  not 
afford  to  dknregard  the  experioicM  of  the  Sootdi.  It  is  quite  possible  fhat 


•  Analyaaa  nwde  since  Imve  ihown  the  potaA  content  of  the  chele  to  run  tnm  4  t»  . 
oeewrias  u  n  aUiente  form  whfah  ia  not  water  nthibltt. 
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the  United  States  will  go  far  in  advance  of  the  Scotch  methods,  but  such 
advance  will  come  quicker  if  heed  is  given  to  the  eonunon  essentials  of  shale 
ixtortingf  which  the  Scotch  have  larpely  perfected.  Intelligent  and  sritntific 
con2>iruction  and  management  will  play  the  larger  part  in  a  successful  oil 
shale  enterprise. 

There  are  two  main  stops  in  the  making  of  a  marketable  shale  oil  and 
its  products,  retorting  and  refining.  The  first  of  these  steps  may  be  divided 
into  four  parts:  the  quantity  of  oil,  the  quality  of  oil,  the  by-products,  and  the 
cost 

In  giving  some  of  the  detailed  problems  below  the  author  has  drawn 
freely  from  all  publications  available  besides  his  own  knowleclKc-  To  secure 
the  greatest  quantity  of  oil  from  the  shale  the  following  factors  are  to  be 
regarded,  some  of  which  have  proven  to  be  or  may  prove  to  be  practical: 

L 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 


of  the  pieco  of  .'^hale. 
Construction  of  the  retort. 
Rate  and  temperature  of  heating. 

U.sc  of  .«team. 

Thicknetis  of  the  shale  layer  in  the  retort. 
The  forming  of  nnulsions. 
The  f<iiniii\^  (if  innlcsirablo  compounds. 
The  cracking  of  vapors  while  still  in  the  retort. 
Thermal  conductivity  of  the  shale. 
Use  of  vacuums. 
Use  of  pressures. 
Catalisers. 

Time  required  for  complete  distillation. 


To  .secure  an  oil  of  a  quality  amenable  to  refining  with  least  kas  the 
following  factors  are  to  be  regarded: 


now  sf^FfT  Mo/ 

MMMC  ^»wtoua  o^^rfttifj  ^om  .xm^/^mmv 
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1.  Temperature  control. 

2.  Use  of  steam. 

3.  Rapid  withdrawal  of  vapors  from  the  retort. 

4.  Forming  of  undesirable  compounds  such  as  olctineti. 
6.  Cnddng  of  vapon. 

To  aeenre  from  the  shale  the  largost  anumnt  of  by-prodneia  withoot  de- 
erearins  the  quality  and  qvantity  of  oil  the  foUowing  factors  nay  be  regarded 

as  important: 

For  Ammonia. 

1.  Use  of  steam. 

2.  Mazimnm  temperature. 

In  addiUoii  to  ttie  ammonia  formed  in  the  retort  svdi  factors  as  its 
fixation  and  recovery  from  ammonia  liquor  arc  important.  The  recover>-  of 
potash  is  only  possible  from  the  water  soluble  salts  that  exist  in  the  shale  ash. 
Leaching  is  the  most  important  fKtor  in  tills  (i|Nnati<m.  Theve  an  many 
other  by-prodvcts  or  so  called  by-products  that  ha^  been  advocated,  bat  tiiey 
are  for  the  most  part  speculative. 

To  operate  an  oil  shale  plant  most  efficiently  the  following  factors  should 
be  oonsidiered: 

1.  Capita]  cost  of  retort  per  ton  of  shale  throogfapnt  per  24  hours. 

2.  Labor  co-;t  per  ton  of  shale  throughput  per  24  hours.  . 

3.  Fuel  cost  per  ton  of  shale  throughput  per  24  hours. 

4.  Power  and  steam  cost  per  ton  of  shale  throui^pnt  per  24  hours. 

5.  Repair  of  retort. 

6.  Depreciation. 

7.  Initial  cost  of  shale  land. 

The  second  main  step  in  the  making  of  a  marketable  shale  oil  is  its 
rdlning.  The  large  petroleum  refineries  are  used  to  handling  a  crude  pelso- 

leum  containing  usually  about  ten  per  cent  un.saturated  hydrocarbons,  the 
bulk  of  the  crude  petroleum  being  paraffins.  It  will  be  necessary  to  refine  shale 
dl  with  its  90  per  cent  to  W  per  cent  unsaturated  hydrocarbons  witiiont  losing 
tlMW  valuable  compounds.  There  is  a  considerable  percentage  of  pyridines  to 
be  had  in  the  New  Albany  shale  oil,  which  is  a  valuable  product.  Shale  oil 
gasoline  win  have  to  be  made  with  a  good  and  permanent  color  hesides  a  sweet 
odor.  There  has  been  some  difficulty  in  removing  the  brownish  purple  color 
of  shale  gasoline  and  eliminatinpr  an  unpleasant  odor. 

The  main  problems  of  the  oil  shale  industr\'.  which  are  applicable  to  all 
shales,  have  been  for  the  most  part  ssolved.  There  are  many  detuiis  such  as 
mentioned  above  to  be  tried  or  modified  to  each  shale  retorted.  It  is  doubtful 
whether  laboratory  experimentation  will  prove  or  disprove  all  these  factors  or 
whether  laboratory  results  should  be  depended  upon  too  literally,  but  such 
results  obtuiiied  fimn  consdentious  work  should  be  used  as  a  guide.  No  plant 
of  commercial  si/o  has  made  continuous  runs  on  the  New  Albany  shale,  and 
until  one  does,  the  most  desirable  results  will  not  be  known. 
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THK  COAL  MEASURKS  SHALES. 


There  are  certain  thin  bedded  black  shales  or  oil  shales  which  occur 
aandated  with  the  coals  of  Indiana.  During  the  snmner  of  1920  a  nmnlMr 
of  samples  were  collected  and  taken  to  the  laboratory  for  diitillation,  wliare 
it  was  found  they  yielded  considerable  oil. 

Stratierraphicully  these  beds  occur  immediately  overlying?  the  Mindiall 
Coalt  overlying  a  thin  coal  under  Coal  ITT,  always  overlying  Coal  Ilia,  in  lo- 
eaUties  overlying  Coal  111,  alway.s  above  Coal  IVa,  Coal  V,  and  as  far  as  is 
known,  above  Coal  VIII.  Occasionally  a  bone  coal  occurs  under  Coal  VI,  above 
the  lower  Block  Coal,  and  Coal  IV.  The  persistence  of  these  beds  makes  them 
a  characteristic  feature  in  detennining  the  stratigraphie  position  of  the  coals 


WUi,  n.  Outline  map  of  lodhiaa  dmrfas  tke  diibribullaii  of  tlw  Vhm  Attmar  dmle  and  the 
CmI  Mcmnw  ud  tfaeir  rdntion  to  slactel  drift. 

with  which  they  arc  aspociatcf].  Thc.^e  beds  of  shale  also  have  associated  witil 
them  limestones,  w^hich  are  for  the  roost  part  diagnosttcally  foesiliferous. 

The  black  shale  beds  nnay  be  divided  into  two  dasses:  llrst,  the  ''sheety*' 
shales,  and  second,  the  massive  shales  tending  to  be  bone  eoal.  The  distinct 
horizontal  planes  developed  in  the  first  class  of  these  shales  has  given  rise 
to  the  name  "sheety"  shale.  Where  freshly  dug  the  sheets  are  from  one- 
dflfrtii  to  one-fourth  inch  thick.  The  shale  readily  splits  along  the  planes, 
more  so  when  slightly  weathered,  and  .»;niall  crystals  of  calcite  and  selenite 
may  be  seen  on  the  surfaces.  Vertical  joints  are,  in  localities,  well  developed. 
The  second  class  of  these  shales,  which  ave  for  the  most  part  bone  coal, 
black  jack,  or  cannel  coal,  have  no  joints,  planes,  w  definite  fracture  that  are 
easily  noticeable. 
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In  color  the  phalc.-;  are  Hull  carbon  black.  The  .shecty  shales  sometimes 
have  thin  streaks  of  >riay  linicsionc  :in«l  black  shiny  streaks  of  coal  or 
anthraxylon,  which  arc  the  coalificil  remains  of  a  limb  or  twip:.  The  shales  of 
the  second  class  have  more  of  a  lustre  than  the  shecty  shales  except  the  onr 
founti  above  Coal  \",  which  is  in  part.  Riay-black  and  hanl.  Upon  weathering, 
minor  bedding  planes  brrome  visible  in  the  shecty  shales,  K^ivin^  rise  to  the 
name,  "paper"  shales.  E.xten.sivc  weatherinjr  re<luces  the  color  of  the  shales  to 
pray-white. 

The  hardness  of  these  shales  varies  from  2  to  The  softest  are  touph 
and  may  be  cut  easily  with  a  knife  while  the  harder  ones  can  be  scratched 
only  with  a  knife.  The  pray-black  shale,  above  ('oal  \',  is  the  hardest,  due  to 
the  probable  presence  of  considerable  calcium  carbonate. 


I'liiti'  XVI.     ()u(<  riii>  '<(  ('•ml  V  m   Aliiiii  <')ivi  .     N<i1i'  ;lir  of  Ihf  fhn-ty  >hiili.  ,ibi>ut 

the  cunrrctinns,  <irif  i>f  whirli  hu'  I'lillcii  iIxmii.  [n  itu  li'wrr  ti'ntci-  nri>  .tlnbs)  of  «b<<«ty 
xhuli-  III)  thi-  KMiuixl.    a    <'i>iil  V,    h    .Shi'«'ly  shiih'.     o    lljinl  Kiny  Khnlc.    <]  IJtncstonc. 

The  shales,  when  placed  in  a  fire,  burn  readily  with  a  bright  yellow 
flame  and  pive  off  much  smoke. 

All  these  .shales  contain  fossilifcrous  fauna  except  that  above  the  Minshall 
Coal. 

The  .shale  above  Coal  V  contains  larpe  limestone  concretions,  which  in 
prowinp  have  caused  the  touph  shale  to  bend,  fault,  and  pive  way  to  the 
expansive  growth.  Small  pyrite  nodules  are  not  uncommon  in  this  .shale. 
Weathered  outcrops  .show  pure  sulphur  and  iron  sulphate,  a  result  of  the 
oxidation  of  the  pyrite  within  the  shale.  The  shale  above  Coal  Ilia  is  also 
quite  pyritic,  the  pyrite  occurring  in  Inith  nodule.s  and  lenses. 
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Minahail  Coal  Shale.    The  shale  above  the  Minsihall  Coal  varies  in  thick- 
fimn  one  to  four  feet,  but  averages  nearly  four  feet  It  is  of  the  sheety 
type  and  non-fossilifeious. 

Coal  Ilia  Sluik.  Black  shale  is  found  above  Coal  Ilia.  In  localities  as  at 
Staunton,  Clay  County,  the  eittize  interval  between  Coat  HI  and  Coal  Ilia  is 
occupied  by  this  black  shale.  The  interval  of  five  beet  in  this  locality  is  sub- 
normal. Coal  III  usually  has  an  overlying  sandstone.  The  shale  above  Coal 
Ilia  is  from  one  to  five  feet  thick.  The  shale  is  most  often  .sheety  but  in 
plaees  it  is  bone  coal.  A  small  lens  of  non-fossil  if  ci-ou-s  limestone,  compact 
and  very  hard,  is  found  within  this  shale  and  another  hig^y  fossiliferous  lime- 
stone occurs  above  this. 

Cool  IVa  Shale.  The  shale  above  Coal  IVa  is  from  two  to  five  feet  thick 
and  is  as  often  bone  coal  as  it  is  .shocty.  In  certain  localities  it  i-  pure  cannel 
coal.  A  gray-black  limeiitone,  fine  grained  and  compact,  from  two  to  six 
inches  tliick  is  found  within  this  shale. 

Coal  V  Shale,  This  shale  always  comes  above  Coal  V  and  in  mines 
serves  as  a  very  pood  roof.  It  is  from  three  to  fifteen  feet  thick.  With  it 
are  associated  two  limestones,  the  first  coming  immediately  on  top  of  the 
dwle  and  Ihe  second  a  few  feet  above  tiie  first,  separated  usually  by  an  interval 
of  shale.  The  second,  a  brccciatcd  limestone,  is  not  always  present.  The 
lower  limestone  contains  diagnostic  fossils.  The  lower  two  to  four  feet  of 
this  shale  is  usually  sheety  and  the  upper  part,  ^y^blaek  and  Imrd.  In 
localities  the  entire  thickness  i.-<  of  the  fjray-black  variety  and  in  other  locali- 
ties it  is  entirely  sheety.  The  sheety  shale  frequently  contains  pyritized  fossils. 
The  limestone  concretions  found  in  this  dude  are  very  hard  and  form  'braes'* 
and  "nif^Kor-heads"  in  the  mine  roof. 

Coal  VIII  SInilc.  This  shale,  from  one  to  four  feet  thick,  lies  immediately 
above  Coal  VIII  and  is  always  of  the  sheety  variety.  In  places,  as  at  Vigo  Post 
Office,  Vigo  County,  two  inches  of  gray  shale  separate  the  coal  from  the 
blade  shale.  A  limestone  comes  in  above  this  shale  also. 


Po8(>Allegheny. 


.\Uegbeny. 


PottsvOte. 


Merom. . 
Shelbum . 


Meram  * 

8ommervil!e  Limeotouc 
\Coal  VIII 


Coal  VII  (Milleisburff) 

C*o;.l  VI 

(Petersburg    {Coal  \  a 

Coal  V  (Petersburg) 
:Coal  IVa 
j't^oal  IV  (Linton) 

Staunton  ^Coal  Illa 

(Coal  III  (fieelyville) 

fCoal  II  (Upper  Minshall) 

BraiU  li!^*"iLi. 


Mansfield. 


Lower  Bloek 
Coall 


The  Pennsj^vanlan  of  Indiana,  showing  Hbm  posiilan  of  llie  coals. 
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Origin  of  the  8h€Ue8.  It  is  thought  thut  these  shales  were  deposited  in  the 
same  basin  and  after  the  deposition  of  th«  eoal  forming  materials.  The  black 
color  is  due  to  carbonization  of  the  plant  matter  deposited  with  the  sediments, 
such  as  spores,  leaves,  and  small  twigs  and  limbs,  as  well  as  vegetable  matter 
partly  deeooiiNMed.  The  UtniniiioaB  natter  in  the  shales  amounts  to  fkom  ten 
to  forty  per  cent  of  the  shale  by  wripht.  The  body  of  the  shale  is  composed 
largely  of  fine  grained  sand  but  in  some  cases  there  is  present  a  considerable 
amount  of  ealdtun  carbonate. 

Dvitnbution.  These  shales,  as  named  above,  occur  persistently  associated 
with  the  coals  throughout  Clay,  Vigo,  Grfone,  and  Sullivan  counties.  How- 
ever, in  the  northern  and  southern  part  of  the  coal  field  in  Indiana  their 
oeevrroioe  and  relative  position  in  reference  to  the  coals  is  somewhat  differ- 
rnt.  Generally  these  shales  occur  at  the  above  mentioned  horizons  over  the 
whole  state,  if  not  entirely  over  the  whole  Indiana-Illinois  coal  basin.  T|ie 
coal  Held  in  Indiana  covers  the  southwestern  part  of  the  state  and  contains 
approxiniately  7,000  square  miles.  All  the  saa^lcs  OoOectsd  were  from  the 
counties  mentioned  in  this  paragraph. 

Results  of  distillation.  In  order  to  determine  the  amount  of  oil  contained 
in  these  shales,  the  samples  were  tested  by  dry  destructive  distillation  in  an 
Iron  retort.  No  attempt  was  made  to  determine  the  amount  of  ammonia  given 
off  from  the  distillation  or  lo  measure  the  gas,  although  it  is  known  that 
the  amounts  are  musnally  large,  depending  upon  the  sample  and  the  manner 
of  retorting.  The  samples  were  collected  from  mines,  strippin^r  pit?  and  out- 
crops. Some  of  the  samples  had  been  weatliend  and  some  hud  not.  It  is  inter- 
esting to  note  that  the  sheety  shalee»  after  havfang  been  weathered  to  tfie 
paper  state,  ^ave  a  larper  yield  of  oil  than  the  same  shale-;  unwciithered. 
This  is  due  probably  to  the  fact  that  a  finer  division  of  the  shale  mass 
allowB  a  greater  heating  surface  and  more  complete  distillation.  The  oil 
obtained  does  not  rxist  in  the  shales  as  .««uch,  but  is  bituminous  matter,  which 
upon  the  application  of  heat,  volatilizes  and  condenses  to  oil  with  some  of  the 
gases  going  ofF  as  permanent  gas  and  ammonia.  The  table  bdow  gives 
the  sample  number,  the  yield  of  oil,  and  the  yield  of  ammonia  liquor.  Several 
tests  were  made  from  the  same  shale  at  the  same  place  and  the  results  given 
as  in  samples  Number  1,  S8,  etc. 


Oil  in  gallons  Ammonia  liquor 
per  ton      gallons  per  ton 


1  -Under  III  

2—  Minshall  ("oal  Sliale  

3—  Below  Cual  IV.  Bone  Coal 

4—  Above  C.Kil  V   

o  -.Vbove  Coal  IVa  

6— Minshall  Coal  Shale  


18-24-22  IS 


32  18 

30  10 

20  22 
20 


25 


25 


--Above  Coal  VIII 

8—  Above  Coal  VI II 

9— Above  Coal  VIII 

10—  Above  Goal  IVa 

11—  Above  Coal  IVa. 

12—  Above  CoallVa . 
13  -Above  Coal  IVa . 
14— Above  Coal  v.... 


24  12 

10  ao 

16  30 

23  10 


22  20 


'22  20 
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Oil  in  gallons  Ammonia  liquor 


15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20- 

27- 

28 

29 

30 

31 

32- 

33 

34 

35- 

30 

37 


-Above 
-Above 
-Aliove 
-Abovp 
-Above 
-Above 
-Above 
-Above 
-Above 

-Ab<)Ve 
-Above 
-Above 
-Above 
-Above 
-AlM>ve 

-Ahnvo 
-Above 
-Below 
-Above 
-Above 
-Above 
-Abovf 
-Above 
-Alwve 


CohI  V  

CoalV  ... 
CoalV  ... 

("o:il  Ilia  

Co:il  IIU  

Coal  IVa  

Co.il  V 

Coal  IVa  

CoalV  

Coal  VIII.  .. 

Coal  V  

Coat  IVa  

Coal  Ilia.  . . . 

Coal  V  

CoalV  

Coal  Ilia  

Coal  V  

Coal  Ilia  

Coal  V  

Coal  llla  

MinshallCoal 

Cnil  Ilia  

Coal  V  

CoallVa  


per  (on 

gallons  1 

18 

16 

18 

16 

14 

14 

12 

36 

21 

20 

20 

16 

18 

18 

27 

18 

12 

20 

15 

20 

24 

14 

12 

14 

30 

16 

t2 

12 

7 

14 

32 

12 

8 

16 

as 

15.*-14 

20-24-20-15 

a»-27 

27-27 

22-22 

Number  of  eaiBpleg  and  the  loeali^  from  iviiidi  it  was  taken: 

1.  Middlebary  HiU  Boath  of  Clay  Citsr. 

2.  One  mile  south  of  Middlebury  HUL 

3.  Twin  Mines  east  of  Jasonville. 

4.  Three  miles  south  of  Riley.  McNabney  Mine. 

5.  One  mile  southeast  of  Cory. 

6.  One  mile  south  of  Middlebury  Hill.    Four  feet  thick.  Unweathered. 

7.  Three  and  one-half  miles  southwest  of  Pimento.  Unweathered. 

8.  Hut  ton  Post  Office. 

!).  One  and  one-half  miles  cast  of  Hutton.    Five  feet  thick. 

10.  One-half  mile  south  of  ColTcy  Hill,    Weathered.   Three  feet  thick. 

11.  One  mile  southwest  of  Coffey  Hill.   Weathered.  Three  feet  thick. 

12.  One  and  one-half  miles  iwuthwest  of  CofTey  Hill. 

13.  One  and  one-half  miles  southwest  of  Coifey  Hill. 

14.  Ahim  Cave  north  of  Coalmont. 

15.  Alum  Cave  north  of  Coalmont. 

16.  Alum  Cave  north  of  Coalmont. 

17.  One4ialf  mile  east  of  Hymera. 

18.  Tv  o  miles  ea.st  of  .lasonville. 

19.  Two  miles  east  of  Jasonville. 

20.  Two  nifles  sontii  of  Jaednvtlle.  Five  feet  thiek.  Weathered. 

21.  Southeast  of  Jasonville. 

22.  One  and  one-half  miles  southeast  of  Jasonville.  Weathered.  Bone. 
28.  Six  miles  weft  of  Jasonville. 
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24.  Merom.  Four  feet  thick. 

25.  Two  and  one-half  miles  !<outheajit  of  DugKor.    I  nweathered. 

26.  One  mile  northwest  of  Staunton.  Unweathered. 

27.  One  mile  northwest  of  Staunton.  Unweathered. 

28.  Two  and  one>half  miles  west  of  Linton.  One  foot  tiiidc 

29.  One  milo  m.'^t  of  PopptM-.    Five  feet  thick. 

30.  S.  E.  14  Sec.  17,  T.  12  N.,  R.  7  W. 
81.  One-hatf  mile  east  of  Ketlar. 

32.  Section  11,  T.  8  N.,  R.  7  W. 

33.  Boonville.   (From  G.  H.  Ashley.  Bull.  641,  U.  S.  G.  S.) 

34.  OM  Hill.  One  foot  thick. 

35.  Fairview  Chtudi.  Near  Coffey  Hill. 

36.  Unknown. 

87.  Alum  Cave.  North  of  Coalmont 

88.  Unknown. 

The  sprcific  gravity  of  the  oil  obtained  from  the  sheety  shales  averages 
about  20  degrees  Bauroe.  It  is  thin,  has  a  red-brown  oolor,  and  has  an  of- 
fensive odor,  somewhat  salphurous.  The  first  oil  to  come  off  in  the  distilla- 
tion of  the  bone  coals  is  light,  with  a  specific  gravity  of  about  20  degrees 
Baum^.  but  as  the  retort  becomes  hotter  the  oil  given  olf  is  more  like  coal 
tar,  this  latter  distillate  being  heavier  than  water.  The  specific  gravity  of 
the  oU  obtained  and  the  oil  itself  varies  graaUy  aeeonUnf  to  the  application 
of  the  heat  in  the  distillation.  The  following  is  the  result  of  fractioning  the 
oil  from  a  compound  sample: 

Began  to  boil  at  66  degrees  C 

Temperature  in  C. 

160  ,   17.7.^ 

200    11.15% 

260    17.76% 

300    16.00% 

Above  300   8.50% 

Coke  and  tar   28.26% 

The  oil  showed  a  fairly  large  per  cent  of  pyridine.   The  shales  do  not 

gum  on  being  distilled,  but  at  a  high  heat  slightly  coke.  By  the  injection  of 
steam  into  the  retort  during  the  distillation  a  larger  yield  of  oil  and  ammonia 
is  obtained.  One  nimple  tested  by  dry  distillation  yielded  12  gallons  of  oil, 
but  by  u.sing  steam  18  galhn>  \v<  i  <  obtained. 

Results  of  the  distillation  of  a  four-pound  sample  of  shale: 

  Tempfni flirt;  F.  Water  in  ounees  Oil  in  oimres 

(330                               1.76  bcf^m 

700                             2.00  .75 

7.-kS                               2.00  2.50 

U80                              2.25  5.00 

1000                              2.50  6.25 
Tor;.]  Mtnount  of  oil '.'(V -17  unlloiis  |!cr  ton. 
SpiTilii'  m-.'ivity,  '2()  drjin-rs  Maiiiiic. 

From  this  it  may  be  seen  that  most  of  the  oil  comes  oi\  between  the  tem- 
peratures of  758  and  980.  It  is  possible  that  a  little  more  oil  could  be  obtained 
1^  running  the  temperature  hifl^r. 
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The  Aillpwiiiir  analyses  are  taken  from  G.  H.  AsMesr's  report  on  black 

shales  of  eastern  United  States.  The  analyses  were  made  by  Da>'id  T.  Day. 
The  samples  were  collected  at  Boonvilie  from  above  Coal  V.  (U.  S.  G.  S. 
Bun.  641,  page  819.) 


Airiount  used 

Oil 

Water 

Cias 

Ammonia 

Ounces 

Oallona 

Gallons 

CubieFeet 

pounds 

6 

14 

11  2 

.97 

6 

none 

9.8 

473 

none 

6 

15.4 

12.6 

2.922 

.61 

Sample  NOb  2  is  not  a  true  oil  shale,  but  was  cat  to  determine  wheQier 
the  dark  shales  yielded  any  oiL 
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